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1.0 
TKLV PUH-DHVLJQ SWXGLHV RHSRUW VXPPaUL]HV SUH-GHVLJQ VWXGLHV (PDS) FRQGXFWHG aW WKH CKXUFK 
RRFN MLOO SLWH (MLOO SLWH) LQ SUHSaUaWLRQ IRU WKH NRUWKHaVW CKXUFK RRFN (NECR) MLQH RHPRYaO 
AFWLRQ (RA), ZKLFK FRQVLVWV RI UHPRYaO RI PLQH VRLO aQG ZaVWH PaWHULaOV aQG SOaFHPHQW LQ a 
UHSRVLWRU\ FRQVWUXFWHG aW WKH MLOO SLWH. TKH MLOO SLWH LV ORFaWHG aSSUR[LPaWHO\ 16 PLOHV QRUWKHaVW 
RI GaOOXS, NM, aV VKRZQ RQ FLJXUH 1-1, Site Location Map. FLJXUH 1-2, Regional Map, VKRZV 
WKH ORFaWLRQ RI WKH MLOO SLWH aQG WKH NECR MLQH SLWH, ZKLFK LV ORFaWHG aSSUR[LPaWHO\ RQH-KaOI 
PLOH QRUWKZHVW RI WKH MLOO SLWH. TKH MLOO SLWH IHaWXUHV aUH VKRZQ LQ FLJXUH 1-3, Church Rock Mill 
Site Layout. 

TKH PDS GHVFULEHG LQ WKLV UHSRUW ZHUH FRQGXFWHG LQ aFFRUGaQFH ZLWK WKH Northeast Church 
Rock Mine Site Removal Action, Volume I: Pre-Design Studies Work Plan, Church Rock Mill 
Site (MWH, 2013), KHUHaIWHU UHIHUUHG WR aV WKH WRUN POaQ. TKH VFRSH aQG REMHFWLYHV RI WKH PDS 
ZHUH GHVFULEHG LQ WKH WRUN POaQ. TKH JRaO RI WKH PDS ZaV WR FROOHFW SUH-GHVLJQ GaWa QHFHVVaU\ 
WR GHVLJQ WKH RA LQ aFFRUGaQFH ZLWK WKH SURSRVHG SHUIRUPaQFH VWaQGaUGV aQG UQLWHG SWaWHV 
EQYLURQPHQWaO PURWHFWLRQ AJHQF\¶V RHJLRQ 9 (USEPA) Action Memorandum: Request for Non-
Time Critical Removal Action at the Northeast Church Rock Mine Site (AFWLRQ MHPR) (USEPA, 
2011a) aQG WKH USEPA RHJLRQ 6¶V Proposed Plan (USEPA, 2012) aQG WKH Record of Decision 
(ROD) IRU WKH UQLWHG NXFOHaU CRUSRUaWLRQ (CKXUFK RRFN MLOO SLWH) SXUIaFH SRLO OSHUaEOH UQLW 
NaWLRQaO PULRULWLHV LLVW SLWH (USEPA, 2013). 

1.1 REPORT BACKGROUND 

AV SaUW RI WKH SUH-GHVLJQ GaWa QHHGV HYaOXaWLRQ, MWH LGHQWLILHG WKH PaMRU RA GHVLJQ HOHPHQWV 
aQG UHYLHZHG aYaLOaEOH VLWH GaWa. TKH H[LVWLQJ GaWa ZHUH HYaOXaWHG IRU FRPSOHWHQHVV ZLWK 
UHVSHFW WR WKH OHYHO RI GHWaLOHG LQIRUPaWLRQ QHFHVVaU\ WR GHVLJQ HaFK HOHPHQW RI WKH RA. MWH 
(2013) LGHQWLILHG GaWa QHHGV aQG SUHVHQWHG ILHOG VaPSOLQJ SOaQV WR REWaLQ WKH GaWa QHFHVVaU\ IRU 
GHVLJQ RI WKH RA. TKLV PDS UHSRUW LV RQH RI WZR VHSaUaWH UHSRUWV IRU WKH NECR RA, aQG 
GHVFULEHV UHVXOWV RI WKH PDS FRQGXFWHG aW WKH MLOO SLWH. RHVXOWV RI WKH PDS FRQGXFWHG aW WKH 
NECR MLQH SLWH ZLOO EH VXEPLWWHG VHSaUaWHO\. 

1.2 REPORT OBJECTIVES AND SCOPE  

TKH RYHUaOO PDS REMHFWLYH ZaV WR FROOHFW GaWa QHFHVVaU\ WR GHVLJQ WKH RA. TKLV UHSRUW 
VXPPaUL]HV WKH VaPSOLQJ aFWLYLWLHV aQG UHVXOWV RI WKH PDS LQYHVWLJaWLRQ aW WKH MLOO SLWH, aV ZHOO 
aV UHVXOWV RI SUHYLRXV LQYHVWLJaWLRQV aW WKH MLOO SLWH. SSHFLILFaOO\, WKLV UHSRUW SUHVHQWV WKH 
IROORZLQJ LQIRUPaWLRQ: 

• A VXPPaU\ RI SUHYLRXV LQYHVWLJaWLRQV FRQGXFWHG aW WKH MLOO SLWH 
• A VXPPaU\ RI WKH PDS SHUIRUPHG aW WKH MLOO SLWH aQG UHVXOWV RI WKH LQYHVWLJaWLRQV 
• A QaUUaWLYH LQWHUSUHWaWLRQ RI PDS GaWa aQG UHVXOWV IRU WKH MLOO SLWH 

 

INTRODUCTION 
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TKH UHSRUW FRQWHQWV LQFOXGH WKH IROORZLQJ: 

• SHFWLRQ 1 ± BaFNJURXQG aQG REMHFWLYHV 
• SHFWLRQ 2 ± SXPPaULHV RI SUHYLRXV LQYHVWLJaWLRQV aQG SUH-GHVLJQ GaWa QHHGV 
• SHFWLRQ 3 ± SXPPaU\ RI WKH UHVXOWV RI WKH PDS 
• SHFWLRQ 4 ± CRQFOXVLRQV aQG UHPaLQLQJ GaWa QHHGV 
• SHFWLRQ 5 ± RHIHUHQFHV 

LaERUaWRU\ GaWa UHSRUWV, GULOOLQJ ORJV, aQG ILHOG SKRWRJUaSKV GRFXPHQWLQJ WKH PDS aFWLYLWLHV aW 
WKH MLOO SLWH aUH LQFOXGHG LQ WKH aSSHQGLFHV.  





CHURCH ROCK MILL SITE

PRE-DESIGN STUDIES REPORT

1-2 0REGIONAL MAP
10504918 PDS2

LEGEND:
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2.0 INVESTIGATIONS CONDUCTED AT THE MILL SITE 
AV SaUW RI WKH SUH-GHVLJQ GaWa QHHGV HYaOXaWLRQ, MWH LGHQWLILHG PaMRU RA GHVLJQ HOHPHQWV aQG 
UHYLHZHG aYaLOaEOH GaWa IRU WKH MLOO SLWH, VSHFLILFaOO\ GaWa UHOaWHG WR WKH WaLOLQJV LPSRXQGPHQW. 
MWH HYaOXaWHG JHRWHFKQLFaO, JHRORJLFaO, aQG K\GUaXOLF GaWa IRU WKH WaLOLQJV aQG XQGHUO\LQJ 
PaWHULaOV LQ WKH YLFLQLW\ RI WKH UHSRVLWRU\ IRU PLQH VSRLOV SURSRVHG aV SaUW RI WKH RA. SSHFLILFaOO\, 
WKH WaLOLQJV GaWa ZHUH HYaOXaWHG ZLWK UHVSHFW WR WKH SOaFHPHQW RI PLQH VSRLOV RQ WRS RI WKH 
UHFOaLPHG WaLOLQJV LPSRXQGPHQW, LQ RUGHU WR GHYHORS a IRFXVHG PDS JHRWHFKQLFaO LQYHVWLJaWLRQ 
SURJUaP. SHFWLRQ 2.1 VXPPaUL]HV SUHYLRXV LQYHVWLJaWLRQV FRQGXFWHG aW WKH MLOO SLWH.  

2.1 SUMMARY OF PREVIOUS INVESTIGATIONS 

SHYHUaO JHRWHFKQLFaO LQYHVWLJaWLRQV KaYH EHHQ FRQGXFWHG aW WKH MLOO SLWH VLQFH RSHUaWLRQ RI WKH 
WaLOLQJV LPSRXQGPHQW EHJaQ LQ 1977. A PHPRUaQGXP VXPPaUL]LQJ H[LVWLQJ LQIRUPaWLRQ aERXW 
aYaLOaEOH ERUURZ PaWHULaOV, WaLOLQJV aQG XQGHUO\LQJ aOOXYLXP, aQG WKH ZRQH 3 SaQGVWRQH LQ WKH 
aUHa RI WKH LPSRXQGPHQW LV LQFOXGHG LQ ASSHQGL[ A1. TKH IROORZLQJ SaUaJUaSKV VXPPaUL]H WKH 
VRXUFHV RI PaWHULaO VSHFLILF LQIRUPaWLRQ IRU WKH MLOO SLWH. 

2.1.1 Borrow Materials 

MWH LGHQWLILHG 19 ERUHKROHV SUHYLRXVO\ GULOOHG LQ RU QHaU WKH EaVW aQG WHVW BRUURZ AUHaV. 
TKHVH LQFOXGH WHQ ERUHKROHV LQ WKH EaVW BRUURZ AUHa (SHUJHQW, HaXVNLQV 	 BHFNZLWK (SHB), 
1978E aQG CLYLO S\VWHPV IQF. (CSI), 1980) aQG HLJKW ERUHKROHV LQ RU QHaU WKH WHVW BRUURZ AUHa 
(SHB, 1978a aQG CSI, 1980). BRUURZ PaWHULaO ZaV OaWHU H[FaYaWHG IURP WKHVH aUHaV aQG XVHG 
IRU FRQVWUXFWLRQ RI WKH H[LVWLQJ WaLOLQJV LPSRXQGPHQW FRYHU. TKHVH aUHaV ZHUH VXEVHTXHQWO\ 
VaPSOHG aQG FKaUaFWHUL]HG (SRVW-H[FaYaWLRQ) LQ 2008. TKHVH ERUURZ aUHaV aUH XQGHU 
FRQVLGHUaWLRQ IRU UHSRVLWRU\ FRYHU PaWHULaO, aQG a MWH ERUURZ FKaUaFWHUL]aWLRQ PHPRUaQGXP 
IRU WKHVH aUHaV LV SURYLGHG LQ ASSHQGL[ A2. 

A WRSVRLO VWRFNSLOH FRQWaLQLQJ aSSUR[LPaWHO\ 20,000 FXELF \aUGV (F\) RI PaWHULaO H[LVWV RQ UNC 
SURSHUW\ ZHVW RI HLJKZa\ 566 aQG VRXWK RI WKH UNC RIILFHV. DZ\HU EQJLQHHULQJ, LLC 
VXPPaUL]HG WKH aYaLOaEOH JHRWHFKQLFaO LQIRUPaWLRQ IRU WKH VLWH LQ 2012, ZKLFK LQFOXGHG OLPLWHG 
JHRWHFKQLFaO WHVW GaWa IRU WKH WRSVRLO VWRFNSLOH IURP 2008. TKHVH UHVXOWV aUH SURYLGHG LQ WKH 
PHPRUaQGXP LQ ASSHQGL[ A3. 
 
2.1.2 Tailings  

TKH SUHOLPLQaU\ JHRWHFKQLFaO LQYHVWLJaWLRQ IRU WKH WaLOLQJV LPSRXQGPHQW ZaV FRQGXFWHG LQ 1974 
(SHB, 1974). A VXEVHTXHQW JHRWHFKQLFaO LQYHVWLJaWLRQ LQ 1978 (SHB, 1978a) LQFOXGHG GULOOLQJ 
ERUHKROHV WKURXJK WKH HPEaQNPHQW aQG WKURXJK WKH WaLOLQJV ZLWKLQ WKH LPSRXQGPHQW. IQ 1979, 
UNC FRQGXFWHG a VWaELOLW\ aQG LQWHJULW\ aVVHVVPHQW RI WKH WaLOLQJV GaP, ZKLFK LQFOXGHG 
LQIRUPaWLRQ aERXW WKH LQWHULRU GLNHV aQG WKH VRXWK FHOO (SHB, 1979). AGGLWLRQaO ERUHKROHV ZHUH 
GULOOHG WKURXJK WKH WaLOLQJV LPSRXQGPHQW LQ WKH CHQWUaO CHOO, LQ BRUURZ PLW NR. 1, aQG LQ WKH 

Pre-Design Studies Report, Church Rock Mill Site  October 2014 



Pre-Design Studies Report, Church Rock Mill Site  October 2014 
4 

SRXWK CHOO LQ 1985. TKHVH ERUHKROH ORJV aUH LQFOXGHG aV aWWaFKPHQWV WR a UNC PHPRUaQGXP 
(UNC, 1986) aQG WKH JHRWHFKQLFaO GaWa LV SaUWLaOO\ VXPPaUL]HG LQ WKH LPSRXQGPHQW 
RHFOaPaWLRQ POaQ (CaQRQLH, 1991). IQWHULP VWaELOL]aWLRQ RI WKH CHQWUaO CHOO ZaV FRPSOHWHG LQ 
1991, aQG a VHULHV RI VKaOORZ ERUHKROHV ZHUH GULOOHG LQ WKH CHQWUaO CHOO LQ 1992 (UNC, 1993). 
TKHVH ERUHKROHV aSSHaU WR KaYH EHHQ GULOOHG WKURXJK WKH LQWHULP FRYHU VXUIaFH. TKH 1992 
WaLOLQJV GaWa LV LQFOXGHG LQ ASSHQGL[ B RI WKH CHQWUaO CHOO FLQaO RHFOaPaWLRQ AV-BXLOW RHSRUW 
(CaQRQLH, 1995). A PRUH GHWaLOHG VXPPaU\ RI KLVWRULFaO WaLOLQJV LQYHVWLJaWLRQV aQG UHVXOWV LV 
LQFOXGHG LQ ASSHQGL[ A1. 

2.1.3 Alluvium  

TKH SHB LQYHVWLJaWLRQV (SHB, 1974, 1976, 1978a, 1978E, 1979) LQFOXGH OaERUaWRU\ WHVWLQJ RI 
PRUH WKaQ 200 VaPSOHV RI aOOXYLXP WaNHQ IURP WKH YLFLQLW\ RI WKH NRUWK aQG CHQWUaO CHOOV. A 
VXPPaU\ RI KLVWRULFaO LQYHVWLJaWLRQV aQG SURSHUWLHV RI WKH aOOXYLXP EHQHaWK WKH WaLOLQJV LV 
LQFOXGHG LQ ASSHQGL[ A1. 

2.2 PRE-DESIGN STUDIES 

FROORZLQJ USEPA aSSURYaO RI WKH PDS ZRUN SOaQ LQ 2013, WKH ILHOG SRUWLRQ RI WKH PDS ZaV 
FRQGXFWHG aW WKH MLOO SLWH IURP OFWREHU WKURXJK DHFHPEHU 2013. PDS ILHOG aFWLYLWLHV aW WKH MLOO 
SLWH FRQVLVWHG RI VXUYH\LQJ� FRQH SHQHWUaWLRQ WHVWV (CPTV)� GULOOLQJ, H[FaYaWLRQ aQG VRLO 
VaPSOLQJ� FKaUaFWHUL]aWLRQ RI H[LVWLQJ VLWH IHaWXUHV aQG VXUURXQGLQJ IORUa aQG IaXQa� aQG a 
FXOWXUaO UHVRXUFHV VXUYH\. SSHFLILFaOO\, WKH PDS LQFOXGHG WKH IROORZLQJ, ZKLFK aUH GHVFULEHG LQ 
SHFWLRQ 3.0: 

• TRSRJUaSKLF VXUYH\ RI WKH LPSRXQGPHQW FHOOV aQG VXUURXQGLQJ aUHaV 
• GHRWHFKQLFaO HYaOXaWLRQ RI WaLOLQJV LPSRXQGPHQW aQG XQGHUO\LQJ JHRORJLF XQLWV  
• BRUURZ PaWHULaO LQYHVWLJaWLRQ 
• VROXPH aQG FKaUaFWHULVWLFV RI RQ-VLWH HURVLRQ SURWHFWLRQ PaWHULaOV 
• RHYHJHWaWLRQ VWXG\  
• BLRLQWUXVLRQ HYaOXaWLRQ  
• CXOWXUaO UHVRXUFHV VXUYH\  
• VLVXaO LQVSHFWLRQ aQG VXUYH\ RI EUaQFK VZaOHV aQG NRUWK USVWUHaP DLYHUVLRQ CKaQQHO 
• DHEULV LQYHQWRU\ 
• SRLO aQaORJ VWXGLHV (RQJRLQJ, UHVXOWV WR EH SURYLGHG LQ a IXWXUH aGGHQGXP) 

 
AOO aFWLYLWLHV ZHUH FRQGXFWHG LQ aFFRUGaQFH ZLWK WKH WRUN POaQ aQG WKH aSSOLFaEOH SOPV 
LQFOXGHG LQ WKH WRUN POaQ. SRPH PLQRU FKaQJHV ZHUH LPSOHPHQWHG GXH WR ILHOG FRQGLWLRQV, aV 
GHVFULEHG LQ SHFWLRQ 3.0. BHFaXVH H[FaYaWLRQ, GULOOLQJ aQG CPT ZHUH FRQGXFWHG WKURXJK WKH 
H[LVWLQJ WaLOLQJV LPSRXQGPHQW FRYHU LQWR aQG WKURXJK WKH WaLOLQJV, SURFHGXUHV ZHUH LPSOHPHQWHG 
WR PLQLPL]H GLVWXUEaQFH aQG UaGLRORJLFaO H[SRVXUH, aV ZHOO aV WR UHVWRUH WKH FRYHU V\VWHP aIWHU 
VaPSOLQJ ZaV FRPSOHWH. TKHVH SURFHGXUHV aUH RXWOLQHG LQ WKH WRUN POaQ.  
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3.0 SUMMARY OF MILL SITE PRE-DESIGN STUDIES 
A GHVFULSWLRQ RI HaFK PDS WaVN aQG aVVRFLaWHG UHVXOWV aUH SURYLGHG EHORZ.  

3.1 TOPOGRAPHY 

CRRSHU AHULaO SXUYH\V CR. (TXFVRQ, AZ) FRPSOHWHG aQ aHULaO VXUYH\ WR XSGaWH WRSRJUaSKLF 
LQIRUPaWLRQ aW WKH LPSRXQGPHQW WR aQ aFFXUaF\ RI 1 IRRW KRUL]RQWaOO\ aQG 0.5 IRRW YHUWLFaOO\. 
GURXQG FRQWURO VXUYH\ GaWa ZaV aOVR FROOHFWHG RQ 100-IRRW LQWHUYaOV aORQJ PLSHOLQH AUUR\R, 
aORQJ WKH GUaLQaJH VZaOHV RQ WKH H[LVWLQJ FRYHU, aQG LQ VHOHFW ORFaWLRQV aORQJ WKH QRUWK 
XSVWUHaP GLYHUVLRQ FKaQQHO. TKH GULOOLQJ aQG CPT ORFaWLRQV ZHUH VXUYH\HG aIWHU FRPSOHWLRQ. 
TKH ILJXUHV SURYLGHG LQ WKLV UHSRUW LQFOXGH WKH XSGaWHG WRSRJUaSKLF LQIRUPaWLRQ. 

3.2 GEOTECHNICAL EVALUATION OF TAILINGS IMPOUNDMENT AND UNDERLYING 
UNITS 

3.2.1 Cover Material  

TKH H[LVWLQJ WaLOLQJV FRYHU ZaV VaPSOHG WR HYaOXaWH WKH H[LVWLQJ JUaYHO aGPL[WXUH Oa\HU aQG 
XQGHUO\LQJ UaGRQ EaUULHU, aV GHVFULEHG LQ WKH VHFWLRQV EHORZ. SSHFLILFaOO\, WKHVH HYaOXaWLRQV 
LQFOXGHG JHRWHFKQLFaO FKaUaFWHULVWLFV aQG YROXPH RI WKH H[LVWLQJ JUaYHO aGPL[WXUH Oa\HU aQG 
UHPROGHG VaWXUaWHG K\GUaXOLF FRQGXFWLYLW\ RI WKH XQGHUO\LQJ UaGRQ EaUULHU. 

3.2.1.1 Summary of Field Investigation and Sampling 

OQ NRYHPEHU 12 aQG 13, 2013, MLOO SLWH SHUVRQQHO H[FaYaWHG WZHOYH WHVW SLWV (CS-1 WKURXJK 
CS-12) RQ WKH H[LVWLQJ WaLOLQJV LPSRXQGPHQW XVLQJ a EaFNKRH. TKH WHVW SLW ORFaWLRQV aUH VKRZQ 
RQ FLJXUH 3-1, PDS Tailings Impoundment Sampling Locations. TKH WHVW SLWV ZHUH 2.5 IHHW ZLGH 
(WKH ZLGWK RI WKH EaFNKRH EXFNHW) aQG UaQJHG LQ OHQJWK IURP aSSUR[LPaWHO\ 4 WR 6 IHHW. 
E[FaYaWLRQ GHSWKV UaQJHG IURP 14 LQFKHV WR 2 IHHW. TKH PaWHULaOV H[FaYaWHG IURP WKH WHVW SLWV 
ZHUH WHPSRUaULO\ VWRFNSLOHG RQ SOaVWLF VKHHWLQJ. TKH WaEOH EHORZ VXPPaUL]HV WKH PaWHULaOV aQG 
FRYHU Oa\HU WKLFNQHVVHV HQFRXQWHUHG LQ HaFK WHVW SLW.  

MaWHULaOV HQFRXQWHUHG GXULQJ WKH H[FaYaWLRQ ZHUH ORJJHG, aQG SKRWRJUaSKV RI WKH WHVW SLW ZaOOV 
ZHUH WaNHQ. PKRWRJUaSKV ZHUH aOVR WaNHQ EHIRUH aQG aIWHU HaFK H[FaYaWLRQ. TKH WHVW SLW ORJV 
aUH SURYLGHG LQ ASSHQGL[ B2, aORQJ ZLWK SKRWRJUaSKV RI WKH RSHQ H[FaYaWLRQV aQG 
UHSUHVHQWaWLYH SKRWRJUaSKV VKRZLQJ W\SLFaO ³EHIRUH´ aQG ³aIWHU´ FRQGLWLRQV. PKRWRJUaSKV 
VKRZLQJ W\SLFaO EaFNKRH H[FaYaWLRQ aQG EaFNILOO FRPSaFWLRQ aUH aOVR LQFOXGHG LQ ASSHQGL[ B2.  

THQ RI WKH WHVW SLW ORFaWLRQV (CS-1 WKURXJK 6 aQG CS-8 WKURXJK 11), H[KLELWHG WKUHH GLVWLQFW 
PaWHULaO W\SHV. AQ XSSHU, VRIW Oa\HU RI VaQG\ FOa\ PaWHULaO ZaV REVHUYHG, UaQJLQJ LQ WKLFNQHVV 
IURP 3 WR 8 LQFKHV. A EaJ VaPSOH RI WKLV PaWHULaO ZaV FROOHFWHG aW HaFK WHVW SLW ORFaWLRQ. BHORZ 
WKH XSSHU VaQG\ FOa\ Oa\HU, a Oa\HU RI URFN PXOFK ZaV REVHUYHG, UaQJLQJ LQ WKLFNQHVV IURP 3 WR 4 
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LQFKHV. TKH URFN FRQVLVWHG RI FUXVKHG EaVaOW UaQJLQJ LQ VL]H IURP ò LQFK WR 3 LQFKHV. CRPSRVLWH 
EXFNHW VaPSOHV RI WKH XSSHU VaQG\ FOa\ aQG WKH URFN PXOFK PaWHULaO ZHUH FROOHFWHG. TKH 
FRPELQHG VaQG\ FOa\ aQG URFN PXOFK Oa\HU LV FRQVLGHUHG WKH aGPL[WXUH Oa\HU RI WKH H[LVWLQJ 
FRYHU. BHORZ WKH URFN PXOFK Oa\HU, a FOa\ PaWHULaO ZaV HQFRXQWHUHG. TKLV Oa\HU LV FRQVLGHUHG 
WKH UaGRQ EaUULHU Oa\HU RI WKH H[LVWLQJ FRYHU. TKH WHVW SLWV H[WHQGHG EHWZHHQ 13 aQG 20 LQFKHV 
LQWR WKH UaGRQ EaUULHU, EXW GLG QRW H[WHQG WKURXJK LW. BaJ VaPSOHV aQG EXFNHW VaPSOHV RI WKLV 
PaWHULaO ZHUH FROOHFWHG. 

AW CS-7, a URFN PXOFK Oa\HU ZaV QRW SUHVHQW. OQO\ VaQG\ FOa\ ZaV REVHUYHG, H[WHQGLQJ IURP WKH 
JURXQG VXUIaFH WR WKH WRWaO H[FaYaWLRQ GHSWK. BaJ aQG EXFNHW VaPSOHV RI WKH PaWHULaO ZHUH 
FROOHFWHG. TKLV WHVW SLW LV RXWVLGH RI WKH WaLOLQJV LPSRXQGPHQW RQ XQGLVWXUEHG QaWXUaO JURXQG. AW 
CS-12, RQO\ WKH VRIW VaQG\ FOa\ PaWHULaO ZaV REVHUYHG. TKLV PaWHULaO H[WHQGHG WR a GHSWK RI 14 
LQFKHV ZKHUH VaQGVWRQH EHGURFN ZaV HQFRXQWHUHG. BRWK a EaJ VaPSOH aQG EXFNHW VaPSOHV 
ZHUH FROOHFWHG aW WKLV ORFaWLRQ. TKLV WHVW SLW LV OLNHO\ RXWVLGH RI WKH H[WHQW RI WaLOLQJV GHSRVLWLRQ.  

AIWHU H[FaYaWLRQ, WKH VWRFNSLOHG FRYHU PaWHULaOV ZHUH SOaFHG EaFN LQ WKH WHVW SLW aQG FRPSaFWHG 
ZLWK WKH EaFNKRH EXFNHW aQG E\ ZKHHO WUaFNLQJ ZLWK WKH EaFNKRH. TKH ILQaO H[FaYaWHG aUHa ZaV 
JUaGHG WR PaWFK WKH VXUURXQGLQJ aUHa. A VWaNH ZaV SOaFHG aW HaFK WHVW SLW ORFaWLRQ IRU 
VXEVHTXHQW JaPPa aQG ORFaWLRQ�HOHYaWLRQ VXUYH\LQJ. TKH UaGLRORJLFaO VXUYH\ GaWa LV LQFOXGHG LQ 
ASSHQGL[ C. TKH FROOHFWHG FRYHU PaWHULaO VaPSOHV ZHUH WUaQVSRUWHG WR WKH MLOO SLWH RIILFH aUHa 
IRU VWRUaJH aQG OaERUaWRU\ WHVWLQJ. 

3.2.1.2 Laboratory Testing 

SHOHFWHG VaPSOHV ZHUH VXEPLWWHG IRU JHRWHFKQLFaO, aQaO\WLFaO, aQG aJURQRPLF WHVWLQJ, LQ 
aFFRUGaQFH ZLWK WKH WRUN POaQ. TKH OaERUaWRU\ WHVWLQJ UHVXOWV aUH VXPPaUL]HG LQ TaEOH 3-1, 
Summary of Geotechnical Laboratory Data – Cover Samples aQG TaEOH 3-2, Summary of 
Agronomic and Analytical Laboratory Data – Impoundment Cover, Stockpiles, and Borrow 
Areas. TKH GaWa aUH SURYLGHG LQ ASSHQGL[ B1. 

3.2.1.3 Volume and Composition of Admixture Material 

TKH FRQFHSWXaO UHSRVLWRU\ GHVLJQ LQFOXGHV WKH UHPRYaO RI WKH aGPL[WXUH PaWHULaO (FRPELQHG 
URFN PXOFK aQG RYHUO\LQJ VaQG\ FOa\) IURP ZLWKLQ WKH IRRWSULQW RI WKH UHSRVLWRU\ IRU XVH LQ RA 
FRQVWUXFWLRQ. BaVHG RQ WKH WKUHH FRQFHSWXaO UHSRVLWRU\ aOWHUQaWLYHV, WKH UHSRVLWRU\ IRRWSULQW aUHa 
FRXOG UaQJH IURP aSSUR[LPaWHO\ 55 WR 70 aFUHV.  

 

  



Pre-Design Studies Report, Church Rock Mill Site  October 2014 
7 

Summary of Cover Test Pit Depths and Layer Thicknesses 

Total Excavation Upper Layer Thickness of Total Admixture 
Test Depth1  Thickness  Rock Mulch  Thickness2 
Pit (in) (in) (in) (in) 

CS-1 24 8 3 11 
CS-2 24 7 3 10 
CS-3 24 3 3 6 
CS-4 24 6 4 10 
CS-5 24 6 3 9 
CS-6 24 4 3 7 
CS-7 20 N�A N�A N�A 
CS-8 28 4 4 8 
CS-9 26 5 4 9 
CS-10 25 3 4 7 
CS-11 24 6 3 9 
CS-12 14 14 N�A N�A 

Notes:   
1. RaGRQ EaUULHU ZaV HQFRXQWHUHG LQ WHVW SLWV EHORZ WKH GHSWK RI WKH URFN PXOFK.  
2. CRPELQHG WKLFNQHVV RI WKH XSSHU VaQG\ FOa\ Oa\HU aQG URFN PXOFK Oa\HU 
3. N�A   PaWHULaO QRW HQFRXQWHUHG aW WKH WHVW SLW ORFaWLRQ 

TKH aGPL[WXUH PaWHULaO REVHUYHG GXULQJ WKH ILHOG H[FaYaWLRQV (LQFOXGLQJ WKH XSSHU VaQG\ FOa\ 
aQG WKH URFN PXOFK Oa\HU) UaQJHG LQ WKLFNQHVV IURP 6 WR 11 LQFKHV, ZLWK aQ aYHUaJH WKLFNQHVV RI 
aSSUR[LPaWHO\ 8.5 LQFKHV. TKHVH YaOXHV H[FOXGH WKH REVHUYaWLRQV PaGH aW CS-7 aQG CS-12 
ZKHUH WKH URFN PXOFK Oa\HU ZaV QRW SUHVHQW. UVLQJ WKH UaQJH RI UHSRVLWRU\ IRRWSULQW aUHaV RI 55 
WR 70 aFUHV, aQG aVVXPLQJ aQ aYHUaJH aGPL[WXUH WKLFNQHVV RI 8.5 LQFKHV, WKH FRUUHVSRQGLQJ 
YROXPH RI aGPL[WXUH PaWHULaO H[FaYaWHG IURP WKH H[LVWLQJ FRYHU ZRXOG UaQJH IURP aSSUR[LPaWHO\ 
63,000 WR 80,000 FXELF \aUGV.  

TKH H[FaYaWHG aGPL[WXUH PaWHULaO ZRXOG EH FRPSULVHG RI PL[HG VaQG\ FOa\ VRLO aQG FUXVKHG 
EaVaOW URFN. BaVHG RQ OaERUaWRU\ JUaGaWLRQ WHVWLQJ, WKH aYHUaJH VRLO�URFN PL[WXUH ZRXOG EH 
FRPSULVHG RI aSSUR[LPaWHO\ 60 SHUFHQW VRLO aQG 40 SHUFHQW URFN (E\ GU\ ZHLJKW) aQG WKH URFN 
IUaFWLRQ ZRXOG FRQVLVW RI 1�4-LQFK WR 3-LQFK FUXVKHG EaVaOW PaWHULaO. TKH ILQHV FRQWHQW RI WKH VRLO 
IUaFWLRQ RI WKH PL[WXUH ZRXOG EH aSSUR[LPaWHO\ 57 WR 73 SHUFHQW aQG ZRXOG EH ORZ-SOaVWLFLW\ FOa\. 

3.2.1.4 Rock Quality Scoring of Gravel in Impoundment Cover Admixture Layer 

GUaGaWLRQV ZHUH FRQGXFWHG RQ VaPSOHV RI WKH VRLO-URFN aGPL[WXUH Oa\HU RI WKH H[LVWLQJ 
LPSRXQGPHQW FRYHU. TKH PHGLaQ GLaPHWHU (D50 YaOXH) RI WKH VaPSOHV WHVWHG (CS-2, CS-6, aQG 
CS-9) UaQJHV IURP 0.1 WR 13 PP (OHVV WKaQ RU HTXaO WR 0.5 LQFKHV). TKH JUaYHO IUaFWLRQ RI WKHVH 
VaPSOHV ZaV WKHQ HYaOXaWHG IRU SRWHQWLaO UHXVH aV HURVLRQ SURWHFWLRQ aW WKH VLWH. TKH JUaYHO ZaV 
WHVWHG IRU GXUaELOLW\ LQ JHQHUaO aFFRUGaQFH ZLWK JXLGHOLQHV IRU ORQJ-WHUP SHUIRUPaQFH RXWOLQHG E\ 
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WKH US NXFOHaU RHJXOaWRU\ CRPPLVVLRQ (NRC). TKHVH JXLGHOLQHV aUH IRU URFN WR EH XVHG IRU 
HURVLRQ SURWHFWLRQ PaWHULaO RQ H[SRVHG VXUIaFHV aQG XWLOL]H a URFN VFRULQJ YaOXH (-RKQVRQ, 
2002). IQ RUGHU WR GHYHORS WKH VFRULQJ FULWHULa, VSHFLILF JUaYLW\, aEVRUSWLRQ, VRGLXP VXOIaWH 
VRXQGQHVV, aQG L.A. AEUaVLRQ WHVWV ZHUH SHUIRUPHG LQ aFFRUGaQFH ZLWK ASTM JXLGHOLQHV. 
DXUaELOLW\ WHVWLQJ UHVXOWV aUH SURYLGHG LQ ASSHQGL[ B1. TKH WaEOH EHORZ VXPPaUL]HV WKH 
GXUaELOLW\ VFRUH RI WKH JUaYHO IUaFWLRQ RI WKH FRYHU PaWHULaO. 

BaVHG RQ LQIRUPaWLRQ SURYLGHG LQ NUREG-1623 (NRC, 2002), URFN IRU XVH LQ aUHaV GHILQHG aV 
FULWLFaO aUHaV PXVW PHHW a VFRUH RI 65 SHUFHQW RU JUHaWHU aQG UHTXLUH RYHUVL]LQJ LI WKH VFRUH LV 
OHVV WKaQ 80 SHUFHQW. TKH EaVaOW VaPSOHV WHVWHG IURP WKH H[LVWLQJ FRYHU VFRUHG 94 SHUFHQW aQG 
WKHUHIRUH ZRXOG QRW UHTXLUH RYHUVL]LQJ IRU UHXVH aV HURVLRQ SURWHFWLRQ URFN.  

Summary of Durability Scoring Criteria for Impoundment Cover Gravel  

Laboratory Test1 Result1 W  
 Score3 eighting Weighted Maximum 

 Factor4 Score Possible Score 
BXON SSHFLILF GUaYLW\  2.78 10 9 90 90 

(ASTM C127) 
AEVRUSWLRQ, �  1.55 4 2 8 20 
(ASTM C127) 

SRGLXP SXOIaWH, �   
0.37 10 11 110 110 

(ASTM C88) 
LA AEUaVLRQ (100 UHYV.2), �   5.1 8 1 8 10 

(ASTM C535) 
TOTALS  208 220 

 Score: 94 %  
 Oversizing required: none  

Notes: 
1. THVW UHVXOWV SURYLGHG E\ AGYaQFHG THUUa THVWLQJ aQG CTC GHRWHN (2014), UHVXOWV SUHVHQWHG aUH WKH PHGLaQ RI WKUHH YaOXHV. 
2. THVW FRQGXFWHG IRU 100 UHYROXWLRQV SHU NUREG-1623 
3. BaVHG RQ a UaQJH RI 0 WR 10, URFN VWUHQJWK VFRUHV EaVHG RQ DHPX\ (1965 (TaEOH 1)) 
4. WHLJKWLQJ IaFWRUV IRU LJQHRXV URFN, NUREG-1623 aQG DHPX\ (1965) 

3.2.1.5 Clay (Radon Barrier) Layer 

TKH FOa\ Oa\HU EHQHaWK WKH aGPL[WXUH Oa\HU RQ WKH H[LVWLQJ LPSRXQGPHQW FRYHU ZaV VaPSOHG 
aQG WHVWHG IRU JHRWHFKQLFaO SURSHUWLHV. COa\ Oa\HU VaPSOHV aUH FOaVVLILHG aV ORZ-SOaVWLFLW\ FOa\ 
(CL) ZLWK ILQHV FRQWHQWV UaQJLQJ IURP 51 WR 69 SHUFHQW. WaWHU FRQWHQWV RI WKH VaPSOHV WHVWHG 
aUH EHWZHHQ 6 aQG 11 SHUFHQW (E\ PaVV) aQG XS WR 4 WR 6 SHUFHQW EHORZ WKH RSWLPXP ZaWHU 
FRQWHQWV PHaVXUHG IURP WKH VWaQGaUG PURFWRU WHVWV. SaWXUaWHG, K\GUaXOLF FRQGXFWLYLW\ WHVWV ZHUH 
FRQGXFWHG RQ VaPSOHV UHPROGHG WR 90 SHUFHQW, 95 SHUFHQW, aQG 100 SHUFHQW RI WKH VWaQGaUG 
PURFWRU GHQVLW\ IRU WKH PaWHULaO. RHVXOWLQJ FRQGXFWLYLWLHV UaQJH IURP 7.6E-08 FP�VHF WR 3.0E-04 
FP�VHF, ZLWK WKH ORZHVW YaOXHV RI VaWXUaWHG K\GUaXOLF FRQGXFWLYLW\ JHQHUaOO\ FRUUHVSRQGLQJ WR WKH 
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VaPSOHV UHPROGHG WR WKH JUHaWHVW SHUFHQW FRPSaFWLRQ. TKH VSHFLPHQV ZHUH WHVWHG aW WZR LQLWLaO 
FRQILQLQJ VWUHVVHV (8 aQG 24 SVL) WR UHSOLFaWH WKH UaQJH RI FRQGLWLRQV XQGHU IXWXUH ILOO SOaFHPHQW.  

3.2.2 Tailings and Underlying Units 

3.2.2.1 Cone Penetration Tests 

CRQHTHF FRQGXFWHG WKH CPTV aW WKH MLOO SLWH LPSRXQGPHQW RQ NRYHPEHU 5-10, 2013 WR aLG LQ 
FKaUaFWHUL]aWLRQ RI WKH VXEVXUIaFH PaWHULaOV. CPT LV a PHWKRG XVHG WR REWaLQ LQ-VLWX VRLO GaWa 
(H.J., VRLO W\SH, PRLVWXUH FRQGLWLRQV aQG VWUaWLJUaSK\) ZLWKRXW FROOHFWLQJ VRLO VaPSOHV.  TKH UaZ 
GaWa JHQHUaWHG GXULQJ CPT LQFOXGHV WLS UHVLVWaQFH, VOHHYH IULFWLRQ, IULFWLRQ UaWLR, SRUH SUHVVXUHV, 
aQG EXON UHVLVWLYLW\.  TKH WaLOLQJV PaWHULaOV aUH QRW a QaWXUaO GHSRVLW aQG WKHUHIRUH LW LV GLIILFXOW WR 
FRUUHOaWH CPT GaWa REWaLQHG LQ WaLOLQJV WR SXEOLVKHG CPT-VRLO FRUUHOaWLRQV. TKHUHIRUH, WKH CPT 
LQYHVWLJaWLRQ ZaV LQWHQGHG WR SURYLGH a JHQHUaO XQGHUVWaQGLQJ RI VXEVXUIaFH FRQGLWLRQV aQG 
WaLOLQJV VWUaWLJUaSK\ LQ WKH LPSRXQGPHQW. TKHVH FRQGLWLRQV ZHUH WKHQ YHULILHG aQG IXUWKHU 
HYaOXaWHG E\ ORJJLQJ ERUHKROHV aQG SHUIRUPLQJ OaERUaWRU\ WHVWLQJ RQ VaPSOHV REWaLQHG LQ WKH 
ERUHKROHV. TKH CPT LQYHVWLJaWLRQ LV GHVFULEHG EHORZ.  TKH ERUHKROH LQYHVWLJaWLRQ aQG OaERUaWRU\ 
WHVWLQJ SURJUaP aUH GHVFULEHG LQ SHFWLRQV 3.2.2.2 aQG 3.2.2.7.  

CRPSOHWHG CPT ORFaWLRQV aUH VKRZQ RQ FLJXUH 3-1. TKH WRUN POaQ VSHFLILHG WKaW CPTV EH 
FRQGXFWHG aW 12 ORFaWLRQV ZLWKLQ WKH LPSRXQGPHQW. HRZHYHU, EaVHG RQ FRQGLWLRQV HQFRXQWHUHG 
GXULQJ WKH ILHOG LQYHVWLJaWLRQ, CPTV ZHUH FRQGXFWHG aW aQ aGGLWLRQaO 20 ORFaWLRQV WR IXUWKHU 
FKaUaFWHUL]H VSHFLILF aUHaV RI WKH LPSRXQGPHQW. CPTV ZHUH FRQGXFWHG aW a WRWaO RI 32 CPT 
ORFaWLRQV ZLWKLQ WKH LPSRXQGPHQW. CPTV ZHUH FRQGXFWHG aW 12 aGGLWLRQaO ORFaWLRQV LQ WKH 
CHQWUaO CHOO, VL[ ORFaWLRQV LQ WKH NRUWK CHOO, aQG WZR ORFaWLRQV LQ WKH SRXWK CHOO. TKH CPTV 
H[WHQGHG WR GHSWKV UaQJLQJ IURP 2.5 WR 119 IHHW EHORZ WKH JURXQG VXUIaFH, GHSHQGLQJ RQ WKH 
PaWHULaOV HQFRXQWHUHG. A VXPPaU\ RI WKH PaWHULaOV aQG WKH WKLFNQHVVHV RI WKH Oa\HUV 
HQFRXQWHUHG LV LQFOXGHG LQ TaEOH 3-3 Summary of Borehole and CPT Profiles. TKH CPT SURJUaP 
LQFOXGHG WLS aQG VKHaU UHVLVWaQFH PHaVXUHPHQWV, G\QaPLF SRUH SUHVVXUH PHaVXUHPHQWV, SRUH 
SUHVVXUH GLVVLSaWLRQ WHVWV, UHVLVWLYLW\ PHaVXUHPHQWV, aQG VKHaU ZaYH YHORFLW\ PHaVXUHPHQWV. 

AIWHU GULOOLQJ aQG VaPSOLQJ, CPT KROHV ZHUH EaFNILOOHG ZLWK EHQWRQLWH JURXW, aQG a VWaNH ZaV 
SOaFHG aW HaFK ORFaWLRQ IRU VXEVHTXHQW JaPPa aQG ORFaWLRQ�HOHYaWLRQ VXUYH\LQJ. TKH 
UaGLRORJLFaO VXUYH\ GaWa aUH LQFOXGHG LQ ASSHQGL[ C. TKH CPT ORJV, SRUH SUHVVXUH GLVVLSaWLRQ 
SORWV, aQG VKHaU ZaYH YHORFLW\ FaOFXOaWLRQV aUH LQFOXGHG LQ ASSHQGL[ B2.4. 

3.2.2.2 Drilling and Sampling 

DULOOLQJ LQ WKH WaLOLQJV LPSRXQGPHQW ZaV SHUIRUPHG RQ NRYHPEHU 19-21, NRYHPEHU 26-27 aQG 
DHFHPEHU 2-4, 2013 E\ NaWLRQaO E[SORUaWLRQ, WHOOV 	 PXPSV. TKH WRUN POaQ LQFOXGHG VL[ 
ERUHKROHV� ILYH LQ WKH LPSRXQGPHQW, aQG RQH WKURXJK WKH HPEaQNPHQW. TZR aGGLWLRQaO 
ERUHKROHV ZHUH GULOOHG GXULQJ ILHOG ZRUN� RQH LQ WKH NRUWK CHOO (B-23) aQG RQH LQ WKH CHQWUaO CHOO 
(B-15). A WRWaO RI HLJKW ERUHKROHV ZHUH GULOOHG, LQFOXGLQJ RQH GULOOHG WKURXJK WKH HPEaQNPHQW, 
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IRXU LQ WKH CHQWUaO CHOO aQG WKUHH LQ WKH NRUWK CHOO. FLJXUH 3-1 VKRZV FRPSOHWHG ERUHKROH 
ORFaWLRQV. TKH ERUHKROHV ZHUH aOO SaLUHG ZLWK a CPT ORFaWLRQ.  

HROORZ-VWHP aXJHU GULOOLQJ PHWKRGV ZHUH XVHG WR GULOO HaFK ERUHKROH aQG VaPSOHV ZHUH 
FROOHFWHG E\ YaULRXV PHWKRGV WKURXJK WKH ERUHKROH OHQJWKV. A CME-85 aXJHU ULJ ZaV XVHG WR 
SHUIRUP WKH GULOOLQJ. DULOOLQJ GHSWKV UaQJHG IURP 39 WR 109 IHHW GHSHQGLQJ XSRQ WKH FRQGLWLRQV 
HQFRXQWHUHG aQG WKH SUHVHQFH RU aEVHQFH RI EHGURFN.  

CRQWLQXRXV (GU\-FRUH) VaPSOHV ZHUH FROOHFWHG aV WKH SULPaU\ VaPSOLQJ PHWKRG. DU\-FRUH 
VaPSOHV ZHUH ORJJHG, SOaFHG LQ OaEHOHG FRUH ER[HV, SKRWRJUaSKHG, aQG VWRUHG LQ WKH MLOO SLWH 
RIILFH aUHa aZa\ IURP WKH ZRUN aUHaV. AFU\OLF OLQHUV ZHUH XVHG WR FROOHFW GU\-FRUH VaPSOHV RI WKH 
WaLOLQJV. A 2.5-LQFK (RXWVLGH GLaPHWHU) CaOLIRUQLa VSOLW-VSRRQ VaPSOHU ZaV XVHG WR REWaLQ 2-LQFK 
GLaPHWHU VaPSOHV aW VHOHFW ORFaWLRQV. TKUHH-LQFK GLaPHWHU SKHOE\ WXEH VaPSOHV ZHUH aOVR 
FROOHFWHG GXULQJ GULOOLQJ.  

AIWHU GULOOLQJ aQG VaPSOLQJ, ERUHKROHV ZHUH EaFNILOOHG ZLWK EHQWRQLWH JURXW, aQG a VWaNH ZaV 
SOaFHG aW HaFK ORFaWLRQ IRU VXEVHTXHQW JaPPa aQG ORFaWLRQ�HOHYaWLRQ VXUYH\LQJ. TKH 
UaGLRORJLFaO VXUYH\ GaWa aUH LQFOXGHG LQ ASSHQGL[ C. BRUHKROH ORJV, SKRWRJUaSKV RI WKH FRUH, 
aQG RWKHU UHSUHVHQWaWLYH SKRWRJUaSKV RI GULOOLQJ RSHUaWLRQV aUH SURYLGHG LQ ASSHQGL[ B2. 

3.2.2.3 Material Contacts 

TKH CPT GaWa FRPELQHG ZLWK WKH SURILOHV IURP WKH ERUHKROH ORJV ZHUH XVHG WR GHWHUPLQH WKH 
WKLFNQHVV aQG WH[WXUH RI WKH WaLOLQJV Oa\HUV, aV ZHOO aV WKH ORFaWLRQ RI WKH FRQWaFW EHWZHHQ WKH 
WaLOLQJV aQG XQGHUO\LQJ aOOXYLXP. SHYHQ RI WKH CPTV ZHUH SaLUHG ZLWK ERUHKROHV WR FRUUHOaWH 
CPT UHVXOWV ZLWK GLUHFW REVHUYaWLRQ RI WKH PaWHULaOV HQFRXQWHUHG. TKH UHOaWLRQVKLSV XVHG WR 
GHWHUPLQH WKH WaLOLQJV-aOOXYLXP FRQWaFW aUH GHVFULEHG EHORZ. 

DaWa FROOHFWHG IURP WKH CPTV, VXFK aV FRQH UHVLVWaQFHV (WLS aQG VOHHYH), G\QaPLF SRUH 
SUHVVXUHV, aQG HOHFWULFaO UHVLVWLYLW\ PHaVXUHPHQWV, ZHUH XVHG WR LGHQWLI\ FRQWaFW ORFaWLRQV 
EHWZHHQ WKH WaLOLQJV aQG XQGHUO\LQJ aOOXYLXP. NLQHWHHQ RI WKH 32 CPTV HQFRXQWHUHG ILQH-JUaLQHG 
WaLOLQJV LQ FRQWaFW ZLWK WKH aOOXYLXP. FRXU RI WKH 19 CPTV ZHUH SaLUHG ZLWK ERUHKROHV WR 
GHWHUPLQH WKH CPT H[SUHVVLRQ RI WKH FRQWaFW EHWZHHQ ILQH WaLOLQJV aQG aOOXYLXP. T\SLFaOO\ WKH 
FRQH WLS UHVLVWaQFH LQFUHaVHG E\ a IaFWRU RI 4 WR 6 IURP WKH ILQH WaLOLQJV WR WKH aOOXYLXP, ZLWK 
YaOXHV LQFUHaVLQJ IURP aSSUR[LPaWHO\ 10-20 WRQV�VTXaUH IRRW (WVI) WR a UaQJH RI 40-150 WVI. 
SOHHYH IULFWLRQ LQFUHaVHG WR 1.8-2.2 WVI IURP aSSUR[LPaWHO\ 0 WVI ZLWKLQ WKH WaLOLQJV. RHVLVWLYLW\ 
UHaGLQJV LQFUHaVHG IURP aSSUR[LPaWHO\ 0 RKP-PHWHU (RKP-P) LQ WKH WaLOLQJV WR 500-650 RKP-P 
LQ WKH aOOXYLXP. D\QaPLF SRUH SUHVVXUH PHaVXUHPHQWV GLG QRW H[KLELW a FRQVLVWHQW SaWWHUQ 
GXULQJ WKH WUaQVLWLRQ IURP WaLOLQJV WR aOOXYLXP. 

A GLIIHUHQW SaWWHUQ GHOLQHaWHG WKH FRQWaFW EHWZHHQ FRaUVH-JUaLQHG WaLOLQJV aQG XQGHUO\LQJ 
aOOXYLXP. IQ WKUHH RI WKH 32 CPTV, FRaUVH-JUaLQHG WaLOLQJV ZHUH LQ FRQWaFW ZLWK WKH aOOXYLXP. TZR 
RI WKHVH WKUHH CPTV ZHUH SaLUHG ZLWK ERUHKROHV WR GHWHUPLQH WKH CPT SaWWHUQ RI WKH FRQWaFW 
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EHWZHHQ ILQH WaLOLQJV aQG aOOXYLXP. TKH FRQH UHVLVWaQFH (WLS aQG VOHHYH) aQG WKH QRUPaOL]HG VRLO 
EHKaYLRU H[KLELWHG a GLVWLQFW SaWWHUQ aW WKH WUaQVLWLRQ IURP FRaUVH-JUaLQHG WaLOLQJV WR aOOXYLXP. 
SOHHYH UHVLVWaQFH LQFUHaVHG E\ a IaFWRU RI 3 WR 5, IURP a UaQJH RI aSSUR[LPaWHO\ 0.3-1.0 WR 2.2-
6.1 WVI. TLS UHVLVWaQFH LQFUHaVHG IURP a UaQJH RI aSSUR[LPaWHO\ 30-50 WR 75-250 WVI. A 
QRUPaOL]HG VRLO EHKaYLRU W\SH (SBT) RI ]RQHV 5 WR 7 (FOa\H\ VLOW, VLOW, aQG VaQG\ VLOW) ZHUH 
W\SLFaOO\ REVHUYHG LQ WKH WaLOLQJV aQG SBTV RI 3 WR 4 (FOa\ aQG VLOW\ FOa\) ZHUH REVHUYHG LQ WKH 
XQGHUO\LQJ aOOXYLXP.  

3.2.2.4 Dynamic Pore Pressures and Pore Pressure Dissipation Tests 

D\QaPLF SRUH SUHVVXUHV ZHUH PHaVXUHG GXULQJ WKH CPTV. ELJKW SRUH SUHVVXUH GLVVLSaWLRQ 
(PPD) WHVWV ZHUH SHUIRUPHG (CPT-10 (2 GHSWKV), CPT-7, CPT-8, CPT-9, CPT-11, CPT-18, aQG 
CPT-19) ZLWKLQ WKH WaLOLQJV LPSRXQGPHQW. RHVXOWV RI WKH GLVVLSaWLRQ WHVWV aQG G\QaPLF SRUH 
SUHVVXUH PHaVXUHPHQWV LQGLFaWH HOHYaWHG, TXaVL-VWHaG\-VWaWH SRUH SUHVVXUHV LQ WKH ILQH-JUaLQHG 
WaLOLQJV. TKH SRUH SUHVVXUH GLVVLSaWLRQ SORWV aUH LQFOXGHG LQ ASSHQGL[ B2.4  
 
TKH UHVXOWLQJ TXaVL-VWHaG\-VWaWH SRUH SUHVVXUHV IURP WKH WZR WHVWV FRQGXFWHG ZLWKLQ WKH WaLOLQJV 
aW CPT-10 VKRZHG SUHVVXUH KHaGV RI aERXW 21 aQG 31 IHHW aW WHVW GHSWKV 15 IHHW aSaUW 
YHUWLFaOO\. TKHVH UHVXOWV LQGLFaWH LQFUHaVLQJ TXaVL-VWHaG\-VWaWH SRUH SUHVVXUH UHVXOWV ZLWK GHSWK 
LQ WKH WaLOLQJV aW WKaW ORFaWLRQ. OWKHU SRUH SUHVVXUH GLVVLSaWLRQ WHVWV FRQGXFWHG LQ BRUURZ PLW NR. 
1 aW CPT-8, CPT-9, CPT-18, aQG CPT-19 VKRZ a UaQJH RI TXaVL-VWHaG\-VWaWH SRUH SUHVVXUHV, 
ZLWKRXW a WUHQG RI LQFUHaVLQJ TXaVL-VWHaG\-VWaWH SRUH SUHVVXUHV aV WHVW GHSWKV LQFUHaVHG. TKH 
UHVXOWV LQGLFaWH WKH SUHVHQFH RI a VHULHV RI GHSRVLWLRQaO Oa\HUV ZLWK GLIIHUHQW WH[WXUHV, GHJUHHV RI 
VaWXUaWLRQ, aQG YaU\LQJ TXaVL-VWHaG\-VWaWH SRUH SUHVVXUHV, UaWKHU WKaQ a VWaWLF ZaWHU OHYHO.  

TKH GLVVLSaWLRQ WHVW FRQGXFWHG LQ WKH WaLOLQJV aW CPT-11 (ORFaWHG LQ BRUURZ PLW 2) VKRZHG a 
TXaVL-VWHaG\-VWaWH SUHVVXUH KHaG FRQGLWLRQ aW aERXW 49.5 IHHW EHORZ JURXQG VXUIaFH (EJV) RU 4.5 
IHHW aERYH WKH ERWWRP RI WKH WaLOLQJV. DXH WR WKH VKRUW WHVW GXUaWLRQ (1 KRXU) LQ WKLV ILQH-JUaLQHG 
PaWHULaO, WKLV UHVXOW OLNHO\ RYHUHVWLPaWHV WKH aFWXaO SUHVVXUH KHaG aW WKLV ORFaWLRQ. HRZHYHU, 
CPT-11 GLG H[KLELW WKH KLJKHVW G\QaPLF SRUH SUHVVXUHV WKURXJKRXW WKH LPSRXQGPHQW, H[FHHGLQJ 
350 IHHW aW aSSUR[LPaWHO\ 48 IHHW LQ GHSWK. TKH G\QaPLF SRUH SUHVVXUHV (X) PHaVXUHG GXULQJ 
WKH CPTV ZLWKLQ WKH WaLOLQJV WKURXJKRXW WKH UHVW RI WKH LPSRXQGPHQW W\SLFaOO\ UaQJHG IURP ]HUR 
WR aSSUR[LPaWHO\ 200 IHHW. WKLOH WKHVH UHVXOWV aW CPT-11 FRXOG LQGLFaWH QHaU-VaWXUaWHG 
FRQGLWLRQV aW WKLV ORFaWLRQ, IUHH ZaWHU ZaV QRW REVHUYHG GXULQJ GULOOLQJ aW WKLV ORFaWLRQ. 
AGGLWLRQaOO\, WKH SKHOE\ WXEH FROOHFWHG IURP 51.5 WR 52.5 IHHW ZaV QRW ZHW XSRQ UHFRYHU\, aQG 
WKH OaERUaWRU\ WHVW UHVXOWV (TaEOH 3-4, ERUHKROH TI-B11) IURP WKaW VaPSOH GR QRW LQGLFaWH 
VaWXUaWLRQ. 

TKH CRQHTHF UHSRUW LQFOXGHV a WaEOH VXPPaUL]LQJ WKH GaWa FROOHFWHG GXULQJ WKH CPT 
LQYHVWLJaWLRQ. TKH WaEOH FRQWaLQV a FROXPQ OLVWLQJ GHSWKV IRU ³ASSaUHQW WaWHU TaEOH´. TKHVH 
GHSWKV ZHUH FaOFXOaWHG EaVHG RQ TXaVL-VWHaG\-VWaWH SRUH SUHVVXUH PHaVXUHPHQWV REWaLQHG 
GXULQJ PPD WHVWLQJ. TKH TXaVL-VWHaG\-VWaWH SRUH SUHVVXUH LV W\SLFaOO\ WaNHQ WR EH WKH SRUH 
SUHVVXUH PHaVXUHPHQW UHFRUGHG aW WKH HQG RI WKH PPD WHVW. IQ FaVHV ZKHUH a K\GURVWaWLF 
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JURXQGZaWHU FRQGLWLRQ H[LVWV (L.H. QR YHUWLFaO IORZ FRPSRQHQW) aQG ZKHUH WKH SRUH SUHVVXUHV aW 
WKH HQG RI PPD WHVWLQJ KaYH WUXO\ GLVVLSaWHG WR VWaWLF OHYHOV, WKH GHSWK RI WKH ZaWHU WaEOH aW WKH 
CPT ORFaWLRQ FaQ EH FaOFXOaWHG E\ VXEWUaFWLQJ WKH VWaWLF SUHVVXUH IURP WKH GHSWK aW ZKLFK WKH 
PPD WHVW ZaV SHUIRUPHG. CRQHTHF XVHG WKHVH aVVXPSWLRQV aQG SURFHGXUHV WR HVWLPaWH WKH 
ASSaUHQW WaWHU TaEOH GHSWKV SUHVHQWHG LQ WKH CRQHTHF UHSRUW. 

IQ FaVHV RI PXOWLSOH VaWXUaWHG RU QHaUO\-VaWXUaWHG ILQH-JUaLQHG ]RQHV (aV LV RIWHQ WKH FaVH LQ 
WaLOLQJV aIWHU FHVVaWLRQ RI RSHUaWLRQV), RU ZKHUH WKHUH LV a FRPSRQHQW RI IORZ LQ WKH YHUWLFaO 
GLUHFWLRQ, WKH SURFHGXUH CRQHTHF XVHG WR GHILQH WKH GHSWK IRU WKH ³ASSaUHQW WaWHU TaEOH´ LV QRW 
aSSURSULaWH. IQ aGGLWLRQ, ZKHQ SRVLWLYH G\QaPLF SRUH SUHVVXUHV aUH JHQHUaWHG GXULQJ CPT 
VRXQGLQJV LQ ILQHU-JUaLQHG PaWHULaOV, TXaVL-VWHaG\-VWaWH SRUH SUHVVXUHV PHaVXUHG aW WKH WLPH RI 
PPD WHVW WHUPLQaWLRQ aUH RIWHQ KLJKHU WKaQ WUXH ³VWaWLF´ SRUH SUHVVXUHV. TKLV RYHUHVWLPaWLRQ RI 
VWaWLF SRUH SUHVVXUHV UHVXOWV LQ XQGHUHVWLPaWLRQ RI WKH GHSWK WR WKH ZaWHU WaEOH aQG 
RYHUHVWLPaWLRQ RI VaWXUaWHG WKLFNQHVVHV. 

AW CKXUFK RRFN, aQG VSHFLILFaOO\ LQ WKH ERUURZ SLWV, WKH CPT UHVXOWV aQG WKH ERULQJV LQGLFaWH WKH 
SUHVHQFH RI FRaUVH-JUaLQHG PaWHULaOV aERYH, aQG LQ VRPH FaVHV LQWHUOa\HUHG ZLWK, ILQH-JUaLQHG 
PaWHULaOV. TKH OaERUaWRU\ GaWa LQGLFaWH WKH XSSHU FRaUVH-JUaLQHG PaWHULaOV KaYH ORZ ZaWHU 
FRQWHQWV aQG aUH SaUWLaOO\ VaWXUaWHG, HYHQ WKRXJK PaQ\ RI WKH WHVW VSHFLPHQV ZHUH REWaLQHG 
IURP ]RQHV WKaW aUH EHORZ WKH ³ASSaUHQW WaWHU TaEOH´ GHSWKV LGHQWLILHG E\ CRQHTHF. LLNHZLVH, 
OaERUaWRU\ WHVWLQJ RI ILQHU JUaLQHG VaPSOHV LQGLFaWHG WKaW, aOWKRXJK WKH\ ZHUH aW a KLJKHU 
PRLVWXUH FRQWHQW aQG GHJUHH RI VaWXUaWLRQ, PaQ\ RI WKHVH PaWHULaOV ZHUH aOVR SaUWLaOO\ VaWXUaWHG 
HYHQ WKRXJK WKH\ aUH EHORZ WKH ³ASSaUHQW WaWHU TaEOH´ GHILQHG E\ CRQHTHF. TKHUHIRUH, WKH 
HOHYaWHG G\QaPLF aQG TXaVL-VWHaG\-VWaWH SRUH SUHVVXUHV aUH LQWHUSUHWHG WR LQGLFaWH 
FRPSUHVVLEOH ILQH-JUaLQHG PaWHULaOV WKaW aUH QHaU VaWXUaWLRQ, UaWKHU WKaQ a VWaWLF ZaWHU OHYHO. 
TKLV LV FRQVLVWHQW ZLWK WKH SURSHUWLHV RI WaLOLQJV SOaFHG K\GUaXOLFaOO\ GXULQJ PLOOLQJ.  

3.2.2.5 Standpipe Piezometers and Free Water Assessment 

A GHVFULSWLRQ RI IUHH ZaWHU HQFRXQWHUHG GXULQJ WKH VXEVXUIaFH LQYHVWLJaWLRQ ZLWKLQ WKH 
LPSRXQGPHQW LV SUHVHQWHG EHORZ.  IQ VXPPaU\, IUHH ZaWHU ZaV HQFRXQWHUHG LQ WKUHH ERUHKROHV:  
TI-B3 (LQ WKH GaP), TI-B10 (BRUURZ PLW NR. 1), aQG TI-B11 (BRUURZ PLW NR. 2).  TKH ZaWHU ZaV 
SUHVHQW LQ WKH aOOXYLXP XQGHUO\LQJ WKH GaP aW TI-B3 aQG LQ WKH aOOXYLXP XQGHUO\LQJ WKH WaLOLQJV aW 
TI-B10 aQG TI-B11. NR IUHH ZaWHU ZaV LGHQWLILHG LQ WKH WaLOLQJV GXULQJ WKH GULOOLQJ SURJUaP. 

Temporary Standpipe Piezometers 

OQ NRYHPEHU 9, 2013, WHPSRUaU\ VWaQGSLSH SLH]RPHWHUV ZHUH LQVWaOOHG E\ KaQG LQ WKH RSHQ 
CPT KROHV aW CPT-10 aQG CPT-18. TKH SLH]RPHWHUV ZHUH FRQVWUXFWHG ZLWK 1-LQFK GLaPHWHU, 
IOXVK-WKUHaGHG PVC VFUHHQ aQG FaVLQJ. EaFK SLH]RPHWHU FRQVLVWHG RI a 5-IRRW VHFWLRQ RI VORWWHG 
VFUHHQ aW WKH ERWWRP (LQFOXGLQJ a ERWWRP FaS), aQG PVC FaVLQJ H[WHQGLQJ WR WKH JURXQG VXUIaFH. 
TKH SLH]RPHWHUV ZHUH LQVWaOOHG WR GHSWKV RI 62.8 aQG 49.6 IHHW EJV aW CPT-10 aQG CPT-18, 
UHVSHFWLYHO\.  
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A ZaWHU OHYHO SUREH ZaV XVHG WR FKHFN IRU WKH SUHVHQFH RI ZaWHU LQ WKH SLH]RPHWHUV. 
MHaVXUHPHQWV ZHUH PaGH SHULRGLFaOO\ aW CPT-10 IURP NRYHPEHU 9 WKURXJK 25, 2013. 
MHaVXUHPHQWV ZHUH PaGH aW CPT-18 IURP NRYHPEHU 9 WKURXJK DHFHPEHU 9, 2013. BRWK 
SLH]RPHWHUV ZHUH GU\ GXULQJ WKH HQWLUH PRQLWRULQJ SHULRG.  

TKH SLH]RPHWHU FaVLQJ aW CPT-10 ZaV UHPRYHG RQ NRYHPEHU 25, 2013 aQG WKH FaVLQJ aW CPT-
18 ZaV UHPRYHG RQ DHFHPEHU 9, 2013. BRWK SLH]RPHWHUV ZHUH UHPRYHG E\ KaQG ZLWK PLQLPaO 
HIIRUW, LQGLFaWLQJ WKH CPT KROHV GLG QRW FaYH LQ GXULQJ WKH PRQLWRULQJ SHULRG. USRQ UHPRYaO, WKH 
FaVLQJ IURP ERWK SLH]RPHWHUV ZaV REVHUYHG WR EH GU\, ZLWK QR YLVLEOH ZaWHU SUHVHQW RQ WKH 
VXUIaFH RI WKH FaVLQJ RU VORWWHG VFUHHQ. FROORZLQJ FaVLQJ UHPRYaO, WKH KROHV ZHUH EaFNILOOHG ZLWK 
EHQWRQLWH JURXW. 

Free Water Encountered During Drilling 

FUHH ZaWHU ZaV HQFRXQWHUHG GXULQJ GULOOLQJ aW TI-B3, TI-B10 aQG TI-B11. WaWHU ZaV 
HQFRXQWHUHG GXULQJ GULOOLQJ aW TI-B3 EHORZ aSSUR[LPaWHO\ 55 IHHW EJV (aSSUR[LPaWH HOHYaWLRQ RI 
6,914) LQ WKH aOOXYLXP. TKH ERUHKROH ZaV OHIW RSHQ RYHUQLJKW, aQG WKH ZaWHU OHYHO PHaVXUHG 
WKURXJK WKH KROORZ-VWHP aXJHUV WKH QH[W PRUQLQJ ZaV aSSUR[LPaWHO\ 66 IHHW EJV, RU QHaU 
HOHYaWLRQ 6,903 IHHW ZLWKLQ WKH aOOXYLXP.  

FUHH ZaWHU ZaV HQFRXQWHUHG GXULQJ GULOOLQJ aW TI-B10. FLHOG REVHUYaWLRQV LQGLFaWHG WKaW WKH 
VaPSOHU ZaV ZHW XSRQ UHWULHYaO IURP ZLWKLQ WKH aOOXYLXP aW a GHSWK QHaU 90 IHHW EJV 
(aSSUR[LPaWH HOHYaWLRQ RI 6,883 IHHW). TKH aXJHUV ZHUH OHIW LQ-SOaFH RYHUQLJKW aQG WKH ZaWHU 
OHYHO ZaV PHaVXUHG aJaLQ aW aERXW 90 IHHW EJV WKH IROORZLQJ PRUQLQJ.  

FUHH ZaWHU ZaV HQFRXQWHUHG GXULQJ GULOOLQJ aW TI-B11. FLHOG REVHUYaWLRQV LQGLFaWHG WKaW WKH 
FXWWLQJV EHFaPH ZHW aW a GHSWK RI aSSUR[LPaWHO\ 90 IHHW EJV (aSSUR[LPaWH HOHYaWLRQ RI 6,887) 
aQG WKH VaPSOHU ZaV ZHW XSRQ UHWULHYaO IURP ZLWKLQ WKH aOOXYLXP aW a GHSWK QHaU 92 IHHW EJV 
(aSSUR[LPaWH HOHYaWLRQ RI 6,885). VHU\ PRLVW WR ZHW aOOXYLXP ZaV HQFRXQWHUHG aW TI-B1 EHORZ 34 
IHHW EJV (aSSUR[LPaWH HOHYaWLRQ RI 6,935)� KRZHYHU VWaWLF ZaWHU ZaV QRW SUHVHQW LQ WKH ERUHKROH 
aIWHU GULOOLQJ. TI-B1 ZaV JURXWHG aQG aEaQGRQHG LPPHGLaWHO\ IROORZLQJ GULOOLQJ. 

3.2.2.6 Impoundment Stratigraphy 

IQIRUPaWLRQ FROOHFWHG IURP WKH PDS LQYHVWLJaWLRQ ZLWKLQ WKH WaLOLQJV LPSRXQGPHQW VLJQLILFaQWO\ 
aXJPHQWV WKH H[LVWLQJ LQIRUPaWLRQ. TKH FRPSUHKHQVLYH GaWaVHW ZaV XVHG WR XSGaWH WKH 
LPSRXQGPHQW WKLFNQHVV PaS aQG FURVV VHFWLRQV VKRZQ LQ WKH WRUN POaQ. UVLQJ WKLV GaWaVHW, 
FLJXUH 3-2, Tailings Impoundment Thickness Isopach Map, aQG FLJXUH 3-3, Distribution and 
Thickness of Fine-grained Tailings, ZHUH GHYHORSHG WR VKRZ YaULaWLRQ RI WKLFNQHVV aFURVV WKH 
LPSRXQGPHQW, aV ZHOO aV WKH WKLFNHVW ]RQHV RI ILQH-JUaLQHG WaLOLQJV. TaEOH 3-3, SUHVHQWV 
LQIRUPaWLRQ RQ PaWHULaO SURSHUWLHV aQG WKLFNQHVVHV HQFRXQWHUHG LQ WKH LPSRXQGPHQW GXULQJ WKH 
CPT aQG ERUHKROH LQYHVWLJaWLRQ. 
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TKH UHYLVHG FURVV VHFWLRQV aUH VKRZQ LQ FLJXUHV 3-4 aQG 3-5, Impoundment Cross Sections 1 
and 2, aQG Impoundment Cross Sections 3 and 4, UHVSHFWLYHO\. A QHZ FURVV VHFWLRQ ZaV aGGHG 
WR WKH VHW LQFOXGHG LQ WKH WRUN POaQ, aQG WKH RULHQWaWLRQV RI WKH VHFWLRQV ZHUH FKaQJHG VOLJKWO\ 
WR LQWHUFHSW ORFaWLRQV RI WKLFN WaLOLQJV aQG EHWWHU LOOXVWUaWH VXEVXUIaFH FRQGLWLRQV ZLWKLQ WKH aUHa 
RI WKH SURSRVHG UHSRVLWRU\. 

TKH SUHYLRXVO\-GHYHORSHG EHGURFN VXUIaFH XVHG WR JHQHUaWH WKH PaSV aQG VHFWLRQV VKRZQ LQ 
WKH WRUN POaQ ZaV XSGaWHG LQ aUHaV ZKHUH QHZ LQIRUPaWLRQ ZaV REWaLQHG. BHGURFN VXUIaFH 
LQIRUPaWLRQ ZaV XVHG WR FUHaWH WKH PaSV VKRZQ LQ ERWK WKH WRUN POaQ aQG LQ WKLV UHSRUW, EXW WKH 
EHGURFN VXUIaFH LWVHOI LV QRW VKRZQ LQ aQ\ ILJXUHV RWKHU WKaQ WKH FURVV VHFWLRQV (FLJXUHV 3-4 aQG 
3-5).  DHSUHVVLRQV LQ WKH EHGURFN VXUIaFH SUHYLRXVO\ LQWHUSUHWHG LQ WKH WRUN POaQ WR EH LVROaWHG 
GHSUHVVLRQV aUH QRZ LQWHUSUHWHG WR EH SaOHRFKaQQHOV. OQH SaOHRFKaQQHO LV LQ JHQHUaO aOLJQPHQW 
ZLWK WKH SUHVHQW Ga\ PLSHOLQH AUUR\R, aQG aQRWKHU LV a WULEXWaU\ WR WKaW SaOHRFKaQQHO WKaW WUHQGV 
HaVW-ZHVW WKURXJK BRUURZ PLWV 1 aQG 2 LQ WKH LPSRXQGPHQW. TKH SaOHRFKaQQHOV aUH UHSUHVHQWHG 
E\ a GHHSO\ HURGHG EHGURFN VXUIaFH aQG WKLFN aOOXYLaO GHSRVLWV XQGHUO\LQJ PLSHOLQH AUUR\R aQG 
WKH CHQWUaO CHOO. TKH JHQHUaO ORFaWLRQ RI WKH SaOHRFKaQQHOV LV VKRZQ RQ CURVV SHFWLRQ 2 (FLJXUH 
3-4) aQG CURVV SHFWLRQ 4 (FLJXUH 3-5).   

TKH ERUHKROH aQG CPT ORJV LQFOXGHG LQ ASSHQGL[ B2 SURYLGH GHWaLOV WR VXSSRUW WKH LGHQWLILFaWLRQ 
RI WKHVH FKaQQHOV. IQ SaUWLFXOaU, CPT-10 HQFRXQWHUHG UHIXVaO aW HOHYaWLRQ 6,910 IHHW ZLWKLQ WKH 
aOOXYLXP. HRZHYHU, WKH SaLUHG ERUHKROH TI-B10 ZaV aEOH WR SHQHWUaWH WKURXJK WKaW VaQGVWRQH 
REVWUXFWLRQ aW HOHYaWLRQ 6,910, aQG aJaLQ WKURXJK a VHFRQG VaQGVWRQH REVWUXFWLRQ 20 IHHW ORZHU 
EHIRUH HQFRXQWHULQJ FRPSHWHQW URFN QHaU HOHYaWLRQ 6,868 IHHW. A VLPLOaU REVWUXFWLRQ ZaV 
HQFRXQWHUHG LQ TI-B15 aQG CPT-15. BaVHG RQ WKH GHSWK WR URFN LQ ERUHKROHV QHaU CPT-9 aQG 
CPT-27, LW aSSHaUV WKRVH ORFaWLRQV Pa\ aOVR KaYH HQFRXQWHUHG UHIXVaO RQ ERXOGHUV RU a KaUG 
FOa\ Oa\HU ZLWKLQ WKH aOOXYLXP, aERYH WKH aFWXaO EHGURFN VXUIaFH. TKH VaQGVWRQH HQFRXQWHUHG aW 
TI-B10 aSSHaUHG WR EH aOOXYLaO ERXOGHUV LQ WKH SaOHRFKaQQHO. 

TKH FURVV VHFWLRQV VKRZQ LQ FLJXUHV 3-4 aQG 3-5 aUH IRU LOOXVWUaWLYH SXUSRVHV aQG aUH QRW 
SUHVHQWHG aW a OaUJH HQRXJK VFaOH WR VKRZ GHWaLOV VXFK aV OaWHUaO YaULaWLRQV LQ LPSRXQGPHQW 
FRYHU WKLFNQHVV RU LQWHUOa\HULQJ RI ILQH aQG FRaUVH WaLOLQJV. DHWaLOHG LQIRUPaWLRQ aERXW 
LQWHUOa\HULQJ RI ILQH aQG FRaUVH WaLOLQJV LV SURYLGHG LQ TaEOH 3-3. TKH FRQWaFWV VKRZQ LQ WKH 
FURVV VHFWLRQV ZHUH JHQHUaWHG IURP WRSRJUaSKLF VXUIaFHV GHYHORSHG IRU HaFK PaWHULaO W\SH LQ 
WKH LPSRXQGPHQW. BRUHKROHV aQG CPT ORFaWLRQV VKRZQ LQ FLJXUHV 3-4 aQG 3-5 aUH SURMHFWHG 
RQWR WKH VHFWLRQV� WKHUHIRUH WKH HOHYaWLRQV RI FRQWaFWV VKRZQ aW SURMHFWHG ERUHKROH RU CPT 
ORFaWLRQV aUH RQO\ WKH WUXH HOHYaWLRQ aW WKaW ORFaWLRQ ZKHQ WKH VHFWLRQ SaVVHV WKURXJK WKH 
ERUHKROH RU CPT ORFaWLRQ. 

3.2.2.7 Laboratory Testing 

SHOHFWHG VaPSOHV IURP WKH LPSRXQGPHQW ERUHKROHV ZHUH VXEPLWWHG IRU JHRWHFKQLFaO WHVWLQJ, LQ 
aFFRUGaQFH ZLWK WKH WRUN POaQ. TKH OaERUaWRU\ WHVWLQJ LV VXPPaUL]HG LQ TaEOH 3-4, Summary of 
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Geotechnical Laboratory Data – Mill Site Impoundment, aQG WKH GaWa aUH SURYLGHG LQ ASSHQGL[ 
B1. 

3.2.2.8 Geochemical Properties of the Tailings 

TKH aFLG OHaFK PLOOLQJ SURFHVV XVHG aW WKH MLOO SLWH LQWURGXFHG a VLJQLILFaQW aPRXQW RI VXOIaWH 
LQWR WKH WaLOLQJV (IURP WKH VXOIXULF aFLG XVHG IRU aFLGLILFaWLRQ). G\SVXP ZaV WKH SULPaU\ E\-
SURGXFW RI WKH PLOOLQJ SURFHVV LQ WKH 1981 MLOO LLFHQVH RHQHZaO ASSOLFaWLRQ (D¶ASSRORQLa, 1981). 
TKH FRQFHQWUaWLRQ RI J\SVXP LQ WKH WaLOLQJV YaULHV ZLWK JUaLQ VL]H, ZLWK WKH JUHaWHVW aPRXQW RI 
J\SVXP OLNHO\ SUHVHQW LQ WKH ILQH-JUaLQHG WaLOLQJV. TKH SaUaJUaSKV EHORZ GHVFULEH WKH SURFHVVHV 
WKaW OHaG WR J\SVXP IRUPaWLRQ aQG WKH LQIOXHQFH RI WKH J\SVXP RQ WKH WaLOLQJV. 

CaOFLXP-EHaULQJ PLQHUaOV QaWXUaOO\ RFFXU LQ WKH VHGLPHQWaU\ URFN aQG RUH ERG\ LQ WKH UHJLRQ RI 
WKH MLOO SLWH. TKH RUH PLOOLQJ SURFHVV GLVVROYHG PaQ\ RI WKH FaOFLXP-EHaULQJ PLQHUaOV, UHVXOWLQJ 
LQ IUHH FaOFLXP LRQV aYaLOaEOH LQ WKH PLOO FLUFXLW. SXOIaWH ZaV aGGHG GXULQJ WKH PLOOLQJ SURFHVV LQ 
WKH IRUP RI VXOIXULF aFLG (H2SO4) WR aLG LQ WKH GLVVROXWLRQ RI XUaQLXP. G\SVXP (CaSO4Ɣ2H2O) 
Pa\ SUHFLSLWaWH LQ V\VWHPV ZKHQ H[FHVV Ca2� aQG SO 2-

4  aUH SUHVHQW LQ aTXHRXV VROXWLRQV. AV a 
UHVXOW RI WKH PLOOLQJ SURFHVVHV, IUHH FaOFLXP aQG VXOIaWH LRQV LQ WKH WaLOLQJV VROXWLRQ SUHFLSLWaWHG 
LQ WKH IRUP RI J\SVXP aIWHU WKH WaLOLQJV aQG VROXWLRQ ZHUH GHSRVLWHG LQ WKH LPSRXQGPHQW.  

TKH SUHVHQFH RI J\SVXP LV NQRZQ WR aIIHFW FHUWaLQ JHRWHFKQLFaO OaERUaWRU\ WHVW UHVXOWV, 
VSHFLILFaOO\ SaUWLFOH-VL]H GLVWULEXWLRQ aQG ZaWHU FRQWHQW. PHU ASTM 2216-10, VRLO ZaWHU FRQWHQW LV 
GHWHUPLQHG E\ KHaWLQJ a VRLO VaPSOH WR 110�C aQG PHaVXULQJ WKH PaVV RI ZaWHU UHPRYHG E\ 
HYaSRUaWLRQ. WKHQ a VaPSOH FRQWaLQLQJ J\SVXP LV KHaWHG WR 110�C, WKH J\SVXP ORVHV LWV 
PROHFXOaU ZaWHU aQG EHFRPHV EaVVHQLWH (CaSO4Ɣ0.5H20) aQG aQK\GULWH (CaSO4). SLQFH 
PROHFXOaU ZaWHU aFFRXQWV IRU aERXW 20 SHUFHQW RI WKH PaVV LQ J\SVXP, WKLV ORVV RI PROHFXOaU 
ZaWHU PaQLIHVWV LWVHOI aV HOHYaWHG VRLO ZaWHU FRQWHQW ZKHQ VaPSOHV FRQWaLQLQJ J\SVXP aUH GULHG 
aW 110�C. FRU WKLV UHaVRQ, ASTM 2216-10 (ASTM, 2010) VXJJHVWV GU\LQJ VRLO VaPSOHV 
FRQWaLQLQJ J\SVXP aW a ORZHU RYHQ WHPSHUaWXUH (60�C) WR GHWHUPLQH WKH ZaWHU FRQWHQW. UVLQJ a 
ORZHU RYHQ WHPSHUaWXUH aOORZV WKH VRLO (SRUH) PRLVWXUH WR HYaSRUaWH ZLWKRXW UHPRYLQJ WKH 
PROHFXOaU ZaWHU IURP WKH V\VWHP.  

3.2.2.9 Effect of Gypsum on Geotechnical Properties of the Tailings 

MWH aVVHVVHG WKH SRWHQWLaO IRU J\SVXP LQ WKH WaLOLQJV VaPSOHV XSRQ LQLWLaO UHYLHZ RI WHVW 
UHVXOWV, aIWHU a VLJQLILFaQW SRUWLRQ RI WKH OaERUaWRU\ WHVWLQJ KaG aOUHaG\ EHHQ FRPSOHWHG. 
HRZHYHU, WR SURSHUO\ aFFRXQW IRU WKH SUHVHQFH RI J\SVXP LQ WKH WaLOLQJV VaPSOHV, WKH OaERUaWRU\ 
WHVWLQJ SURJUaP ZaV UHYLVHG WR REWaLQ WKH ZaWHU FRQWHQW IRU UHPaLQLQJ VSHFLPHQV XVLQJ ERWK 
GU\LQJ WHPSHUaWXUHV. TKH UHPaLQLQJ VSHFLPHQV, ZKLFK LQFOXGHG 15 WaLOLQJV VaPSOHV, ZHUH 
LQLWLaOO\ GULHG aW 60�C aQG ZHLJKHG WR FaOFXOaWH ZaWHU FRQWHQW. TKH RYHQ WHPSHUaWXUH ZaV WKHQ 
LQFUHaVHG WR 110�C, aQG WKH VaPH VSHFLPHQV ZHUH ZHLJKHG a VHFRQG WLPH WR FaOFXOaWH WKH 
ZaWHU FRQWHQW FRUUHVSRQGLQJ WR WKH 110�C RYHQ WHPSHUaWXUH. TKLV LQIRUPaWLRQ SURYLGHG a 
FRPSaULVRQ VHW RI GaWa IRU WKH ZaWHU FRQWHQWV PHaVXUHG aW WKH WZR RYHQ WHPSHUaWXUHV. TKH 
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UHOaWLRQVKLS EHWZHHQ WKH ZaWHU FRQWHQWV PHaVXUHG aW 60�C aQG WKRVH PHaVXUHG aW 110�C ZaV 
WKHQ XVHG WR GHYHORS a FRUUHOaWLRQ EHWZHHQ WKH WZR YaOXHV aQG WR aGMXVW WKH LQLWLaO WHVW UHVXOWV LQ 
VaPSOHV WKaW ZHUH KHaWHG WR 110�C RQO\. WaWHU FRQWHQWV PHaVXUHG aW 60�C, ZHUH JHQHUaOO\ 
aERXW 0.5 SHUFHQW WR 3.0 SHUFHQW ORZHU WKaQ ZaWHU FRQWHQWV PHaVXUHG aW 110�C. TKH UHGXFWLRQ LQ 
SHUFHQW ZaWHU FRQWHQW UHSUHVHQWV WKH IUaFWLRQ RI WKH ZaWHU LQ WKH WaLOLQJV WKaW LV FKHPLFaOO\ ERXQG 
LQ WKH IRUP RI J\SVXP, aQG QRW ZLWKLQ SRUH VSaFHV. TKLV LQIRUPaWLRQ, aORQJ ZLWK WKH SWCC GaWa, 
KHOSHG WR IXUWKHU GHILQH WKH YROXPH RI SRUH ZaWHU ZLWKLQ WKH WaLOLQJV WKaW ZRXOG EH aIIHFWHG E\ 
aGGLWLRQaO ORaGLQJ. TKH UHVXOWV RI JHRWHFKQLFaO OaERUaWRU\ WHVWLQJ RQ WaLOLQJV LPSRXQGPHQW 
VaPSOHV aUH LQFOXGHG LQ TaEOH 3-4. TaEOH 3-4 aOVR LQFOXGHV a VHULHV RI ZaWHU FRQWHQWV PHaVXUHG 
IRU ERWK RYHQ WHPSHUaWXUHV aV ZHOO aV ZaWHU FRQWHQW, VSHFLILF JUaYLW\, aQG GU\ GHQVLW\ UHVXOWV 
aGMXVWHG WR UHIOHFW a 60�C ZaWHU FRQWHQW.  

TKH K\GURPHWHU WHVW UHVXOWV IRU VSHFLPHQV FRQWaLQLQJ ILQH-JUaLQHG WaLOLQJV ZHUH aOVR OLNHO\ 
aIIHFWHG E\ J\SVXP. G\SVXP LQIOXHQFHV WKH UHVXOWV RI SaUWLFOH-VL]H aQaO\VLV LQ WZR Za\V: 1) 
J\SVXP LV a IORFFXOaQW IRU FOa\ PLQHUaOV� aQG 2) J\SVXP KaV a ORZHU GHQVLW\ WKaQ VRLO, ERWK RI 
ZKLFK FaQ VNHZ WKH ILQH-JUaLQHG SaUWLFOH GLVWULEXWLRQV GXULQJ PHaVXUHPHQW XVLQJ WKH K\GURPHWHU 
PHWKRG (AUQHWW, 2009). PaUWLFOH-VL]H GLVWULEXWLRQ WHVWV ZHUH FRQGXFWHG XVLQJ WKH VWaQGaUG 
aPRXQW RI VRGLXP KH[aPHWaSKRVSKaWH aV a GHIORFFXOaQW. BHFaXVH aGGLWLRQaO GHIORFFXOaQW ZaV 
QRW aGGHG WR aFFRXQW IRU WKH SUHVHQFH RI J\SVXP, WKH K\GURPHWHU UHVXOWV SUHVHQWHG LQ TaEOH 3-4 
Pa\ QRW EH UHSUHVHQWaWLYH RI WKH aFWXaO SaUWLFOH VL]HV. TKH SUHVHQFH RI J\SVXP LQ WKH WHVW 
VROXWLRQ ZRXOG UHGXFH WKH HIIHFWLYHQHVV RI WKH GHIORFFXOaQW UHVXOWLQJ LQ a KLJKHU PHaVXUHG 
SHUFHQWaJH RI OaUJHU (VLOW-VL]H) SaUWLFOHV.  

RHVXOWV RI WKH OaERUaWRU\ WHVWLQJ LQGLFaWHG WKaW aV WKH SHUFHQWaJH RI VLOW-VL]H PaWHULaO LQ WKH 
WaLOLQJV LQFUHaVHV, WKH GLIIHUHQFH EHWZHHQ WKH ZaWHU FRQWHQWV PHaVXUHG aW 60�C aQG 110�C aOVR 
LQFUHaVHV. TKH JHRFKHPLFaO SURSHUWLHV GHVFULEHG aERYH GR QRW aOWHU WKH FRQFHSWXaO UHSRVLWRU\ 
GHVLJQ, QRU GR WKH\ UHTXLUH aQ\ aGGLWLRQaO LQYHVWLJaWLRQ. TKH FaOFXOaWLRQ RI ZaWHU FRQWHQW aQG WKH 
YROXPH RI ZaWHU PROHFXOaUO\ ERXQG LQ J\SVXP, FRPELQHG ZLWK WKH UHVXOWV RI WKH SWCC GaWa aQG 
WKH UHVW RI WKH JHRWHFKQLFaO OaERUaWRU\ WHVW UHVXOWV, SURYLGH a FRPSUHKHQVLYH GaWaVHW IRU WKH 
UHSRVLWRU\ GHVLJQ.   

3.3 BORROW MATERIAL INVESTIGATION 

FLYH SRWHQWLaO ERUURZ aUHaV ZHUH LQYHVWLJaWHG WR GHWHUPLQH WKH YROXPH RI VXLWaEOH PaWHULaO 
aYaLOaEOH IRU XVH LQ UHSRVLWRU\ FRYHU FRQVWUXFWLRQ aQG JHQHUaO RA UHJUaGLQJ aFWLYLWLHV. TKH 
ERUURZ PaWHULaO LQYHVWLJaWLRQ LQYROYHG ERUHKROH GULOOLQJ aQG VaPSOLQJ LQ aOO ILYH SRWHQWLaO ERUURZ 
aUHaV. TKH ERUURZ aUHa ORFaWLRQV aUH VKRZQ RQ FLJXUH 3-6, Drilling Locations and Preliminary 
Grading, East and West Borrow Areas, aQG FLJXUH 3-7, Drilling Locations and Preliminary 
Grading, North, South, and Dilco Hill Borrow Areas, aQG LQFOXGH WKH IROORZLQJ: 

• WHVW BRUURZ AUHa 
• EaVW BRUURZ AUHa 
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• DLOFR HLOO BRUURZ AUHa 
• SRXWK DUaLQaJH BRUURZ AUHa 
• NRUWK DUaLQaJH BRUURZ AUHa 

3.3.1 Summary of Field Investigation and Sampling 

DULOOLQJ ZaV SHUIRUPHG NRYHPEHU 14-18 aQG DHFHPEHU 10-12, 2013 E\ NaWLRQaO E[SORUaWLRQ, 
WHOOV 	 PXPSV. US WR ILYH ERUHKROHV ZHUH GULOOHG ZLWKLQ HaFK ERUURZ aUHa, LQ aFFRUGaQFH ZLWK 
WKH WRUN POaQ. HROORZ-VWHP aXJHU GULOOLQJ PHWKRGV ZHUH XVHG aW HaFK ORFaWLRQ. A CME-85 
aXJHU ULJ ZaV XVHG WR SHUIRUP WKH GULOOLQJ. DULOOLQJ GHSWKV UaQJHG IURP 10 WR 60 IHHW aQG YaULHG 
GHSHQGLQJ XSRQ WKH ERUURZ aUHa EHLQJ LQYHVWLJaWHG, WKH ORFaWLRQ RI WKH ERUHKROH ZLWKLQ WKH 
ERUURZ aUHa, aQG WKH SUHVHQFH RU aEVHQFH RI EHGURFN.  

CRQWLQXRXV (GU\-FRUH) VaPSOHV ZHUH FROOHFWHG aV WKH SULPaU\ VaPSOLQJ PHWKRG. DU\-FRUH 
VaPSOHV ZHUH ORJJHG, SOaFHG LQ OaEHOHG FRUH ER[HV, SKRWRJUaSKHG, aQG VWRUHG LQ WKH MLOO SLWH 
RIILFH aUHa. A 2.5-LQFK (RXWVLGH GLaPHWHU) CaOLIRUQLa VSOLW-VSRRQ VaPSOHU ZaV XVHG WR REWaLQ 2-
LQFK GLaPHWHU VaPSOHV aW W\SLFaO VaPSOLQJ GHSWKV RI 2.5, 5 aQG 10 IHHW EJV, aQG aW aGGLWLRQaO 
GHSWKV GHSHQGLQJ RQ WKH PaWHULaOV HQFRXQWHUHG. BXON FRPSRVLWH VaPSOHV RI WKH FXWWLQJV ZHUH 
FROOHFWHG IURP a YaULHW\ RI GHSWK LQWHUYaOV, GHSHQGLQJ RQ WKH YROXPH RI FXWWLQJV SURGXFHG aQG 
WKH PaWHULaOV HQFRXQWHUHG.  

AIWHU GULOOLQJ aQG VaPSOLQJ, WKH ERUHKROHV ZHUH EaFNILOOHG ZLWK GULOO FXWWLQJV aQG�RU FOHaQ ILOO 
PaWHULaO IURP WKH ERUHKROH aUHa, aQG a VWaNH ZaV SOaFHG aW HaFK ORFaWLRQ IRU VXEVHTXHQW 
ORFaWLRQ�HOHYaWLRQ VXUYH\LQJ. BRUHKROH ORJV, FRUH SKRWRJUaSKV, aQG RWKHU UHSUHVHQWaWLYH 
SKRWRJUaSKV RI GULOOLQJ RSHUaWLRQV aUH SURYLGHG LQ ASSHQGL[ B2. 

3.3.2 Laboratory Testing 

SHOHFWHG VaPSOHV ZHUH VXEPLWWHG IRU JHRWHFKQLFaO, aQaO\WLFaO, aQG aJURQRPLF WHVWLQJ. 
LaERUaWRU\ WHVWLQJ LV VXPPaUL]HG LQ SHFWLRQ 3.3.3 aQG WKH UHVXOWV aUH SURYLGHG LQ TaEOH 3-2 aQG 
TaEOH 3-5, Summary of Geotechnical Laboratory Data – Borrow Areas, aQG ASSHQGL[ B1. 

3.3.3 Summary of Results  

FLHOG LQYHVWLJaWLRQ aQG JHRWHFKQLFaO OaERUaWRU\ WHVW UHVXOWV IRU HaFK ERUURZ aUHa aUH 
VXPPaUL]HG EHORZ. TKH WaEOH EHORZ OLVWV WKH GHSWK GULOOHG aW HaFK ERUHKROH ORFaWLRQ, aQG WKH 
GHSWK RI VRLO HQFRXQWHUHG aERYH EHGURFN. 
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Summary of Borrow Area Borehole Depths and Soil Thicknesses 

 Total Thickness of Soil 
Borehole Depth Above Bedrock 

(ft) (ft) 
West Borrow Area 

WB-B1 36.5 !36.5 
WB-B2 35.0 !35.0 
WB-B3 30.0 NRQH 
WB-B4 38.7 1.0 
WB-B5 24.7 22.5 

East Borrow Area
EB-B1 10.0 NRQH 
EB-B2 15.0 3.0 
EB-B3 25.0 15.0 
EB-B4 20.0 !20.0 
EB-B5 10.8 8.5 
EB-B6 17.6 11.5 

Dilco Hill Borrow Area
DH-B1 60.0 15.0 
DH-B2 40.0 2.0 
DH-B3 40.0 2.5 

South Drainage Borrow Area 
SB-B1 25.0 !25.0 
SB-B2 15.0 14.1 
SB-B3 15.0 7.8
SB-B4 30.0 !30.0 

North Drainage Borrow Area 
NB-B1 20.0 !20.0 
NB-B2 20.0 !20.0 

BaVHG RQ ILHOG LQYHVWLJaWLRQ UHVXOWV, SUHOLPLQaU\ JUaGLQJ SOaQV ZHUH GHYHORSHG IRU HaFK ERUURZ 
aUHa WR HVWLPaWH WKH YROXPH RI PaWHULaO aYaLOaEOH IRU UHSRVLWRU\ FRYHU FRQVWUXFWLRQ. GUaGLQJ 
SOaQV ZHUH GHYHORSHG WR aYRLG QHaUE\ FXOWXUaO UHVRXUFH VLWHV ZKLOH aGKHULQJ WR WKH aSSUR[LPaWH 
ERUURZ aUHa ERXQGaULHV GHOLQHaWHG LQ WKH WRUN POaQ. TKH ERUURZ aUHaV ZLOO EH JUaGHG WR GUaLQ 
VLPLOaUO\ WR WKH FRQFHSWXaO GHVLJQV VKRZQ RQ FLJXUHV 3-6 aQG 3-7. HRZHYHU, ILQaO JUaGLQJ 
FRQILJXUaWLRQV RI WKH ERUURZ aUHaV ZLOO GHSHQG RQ WKH PaWHULaO YROXPHV UHTXLUHG, WKH ORFaWLRQV RI 
WKH FXOWXUaO UHVRXUFH VLWHV, HIIRUWV WR OLPLW XQQHFHVVaU\ GLVWXUEaQFH WR YHJHWaWLRQ, aQG GHSWKV RI 
VXLWaEOH aQG aYaLOaEOH PaWHULaOV. TKH WaEOH EHORZ VXPPaUL]HV WKH aSSUR[LPaWH YROXPH aQG 
SUHGRPLQaQW PaWHULaO W\SHV aYaLOaEOH IURP HaFK ERUURZ aUHa.  
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Summary of Borrow Material Volumes and Material Types 

Borrow 
Area 

Predominant 
Material Types 

Approximate In-Place 
Volume 

(cy) Soil Description USDA Classification 

WHVW BRUURZ 
COa\H\ SaQG aQG 
SLOW\, COa\H\ SaQG

SaQG\ LRaP 100,000 

EaVW BRUURZ 
SaQG\ COa\ aQG 

COa\H\ SaQG 
SaQG\ LRaP 50,000 

DLOFR HLOO 
SaQG\, SLOW\ COa\ SaQG\ LRaP 5,000 
ML[HG SaQGVWRQH, 

SKaOH aQG CRaO (RRFN) 
± 370,000 

SRXWK DUaLQaJH BRUURZ 
SaQG\ COa\ aQG 
COa\ ZLWK SaQG 

SaQG\ COa\ LRaP 170,000 

NRUWK DUaLQaJH BRUURZ 
SaQG\,

SLOW\, 
 SLOW\ COa\ aQG 
COa\H\ SaQG 

SaQG\ LRaP 80,000 

aYaLOaEOH VRLO IURP ERUURZ aUHaV 405,000 
aYaLOaEOH URFN IURP ERUURZ 1aUHaV  370,000 

Notes: 
1. EVWLPaWHG YROXPH RI URFN aYaLOaEOH IURP DLOFR HLOO 

3.3.4 West Borrow Area   

FLYH ERUHKROHV ZHUH GULOOHG LQ WKH WHVW BRUURZ AUHa WR GHSWKV UaQJLQJ IURP 24 WR 39 IHHW. 
DULOOLQJ ZaV JHQHUaOO\ SHUIRUPHG aW WKH ORFaWLRQV VKRZQ LQ WKH WRUN POaQ, H[FHSW IRU WB-B4, 
ZKLFK ZaV PRYHG GXH WR aFFHVV FRQVWUaLQWV. BRUHKROHV WB-B1 aQG WB-B2 ZHUH GULOOHG LQ WKH 
FHQWUaO, ORZHU SRUWLRQ RI WKH ERUURZ aUHa ZKHUH PRVW RI WKH aYaLOaEOH ERUURZ PaWHULaO LV ORFaWHG. 
AW WKHVH ORFaWLRQV, FOa\H\ VaQG ZaV HQFRXQWHUHG WR WKH JUHaWHVW GHSWKV GULOOHG. BRUHKROHV WB-
B3, WB-B4 aQG WB-B5 ZHUH GULOOHG aURXQG WKH SHULPHWHU RI WKH ERUURZ aUHa. AW WB-B3 aQG 
WB-B4, EHGURFN FRPSULVHG RI FOa\VWRQH, VaQGVWRQH, aQG�RU FRaO ZaV HQFRXQWHUHG QHaU WKH 
JURXQG VXUIaFH. AW WB-B5, VLOW\, FOa\H\ VaQG ZaV HQFRXQWHUHG WR a GHSWK RI 22.5 IHHW, ZKHUH 
VaQGVWRQH EHGURFN ZaV HQFRXQWHUHG. 

BaVHG RQ WKH ERUHKROH ORJV aQG UHVXOWV RI JHRWHFKQLFaO OaERUaWRU\ WHVWLQJ, WKH SUHGRPLQaQW 
PaWHULaO aYaLOaEOH IURP WKH WHVW BRUURZ AUHa LV UHOaWLYHO\ KRPRJHQHRXV aQG FRQVLVWV RI FOa\H\ 
VaQG aQG VLOW\, FOa\H\ VaQG. TKH OaERUaWRU\-PHaVXUHG VaQG FRQWHQW UaQJHG IURP 46.3 WR 61.6 
SHUFHQW IRU aOO VaPSOHV WHVWHG. TKH ILQHV FRQWHQW UaQJHG IURP 37.9 WR 48.6 SHUFHQW aQG ZaV 
FRPSULVHG RI ORZ SOaVWLFLW\ FOa\ RU VLOW\ FOa\. A VPaOO aPRXQW RI JUaYHO (OHVV WKaQ 10 SHUFHQW) ZaV 
HQFRXQWHUHG LQ VRPH VaPSOHV. TKH FRUUHVSRQGLQJ USDA FOaVVLILFaWLRQ RI WKH PaWHULaO LV ³VaQG\ 
ORaP.´   
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BaVHG RQ WKH ILHOG LQYHVWLJaWLRQ aQG WKH SUHOLPLQaU\ JUaGLQJ FRQWRXUV VKRZQ LQ FLJXUH 3-6, 
aSSUR[LPaWHO\ 100,000 FXELF \aUGV RI PaWHULaO FRQVLVWLQJ RI FOa\H\ VaQG aQG VLOW\, FOa\H\ VaQG 
LV aYaLOaEOH LQ WKH WHVW BRUURZ AUHa. 

3.3.4.1 East Borrow Area 

SL[ ERUHKROHV ZHUH GULOOHG LQ WKH EaVW BRUURZ AUHa WR GHSWKV UaQJLQJ IURP 10 WR 25 IHHW. 
BRUHKROH EB-B6 ZaV aGGHG WR WKH GULOOLQJ SURJUaP SUHVHQWHG LQ WKH WRUN POaQ WR EHWWHU 
FKaUaFWHUL]H WKH GHSWK aQG H[WHQW RI SRWHQWLaO ERUURZ PaWHULaO LQ WKH EaVW BRUURZ AUHa. 
BRUHKROHV EB-B1 aQG EB-B2 ZHUH GULOOHG LQ WKH ZHVWHUQ SRUWLRQ RI WKH ERUURZ aUHa aQG 
VaQGVWRQH EHGURFN ZaV HQFRXQWHUHG aW RU QHaU WKH JURXQG VXUIaFH aW ERWK ORFaWLRQV. BRUHKROHV 
EB-B3 aQG EB-B4 ZHUH LQ WKH VRXWKHUQ SRUWLRQ RI WKH ERUURZ aUHa. AW EB-B3, VaQG\ FOa\ ZaV 
HQFRXQWHUHG WR a GHSWK RI 15 IHHW, ZKHUH VaQGVWRQH EHGURFN ZaV HQFRXQWHUHG. AW EB-B4, VaQG\ 
FOa\ aQG VLOW\, FOa\H\ VaQG ZaV HQFRXQWHUHG WR WKH Pa[LPXP GHSWK GULOOHG (20 IHHW). BRUHKROHV 
EB-B5 aQG EB-B6 ZHUH LQ WKH FHQWUaO SRUWLRQ RI WKH ERUURZ aUHa. AW EB-B5, VaQG\ FOa\ aQG 
FOa\H\ VaQG ZaV HQFRXQWHUHG WR a GHSWK RI 8.5 IHHW, ZKHUH VKaOH EHGURFN ZaV HQFRXQWHUHG. AW 
EB-B6, VaQG\ FOa\ ZaV HQFRXQWHUHG WR a GHSWK RI 11.5 IHHW, ZKHUH VKaOH EHGURFN ZaV 
HQFRXQWHUHG. 

BaVHG RQ ERUHKROH ORJV aQG UHVXOWV RI JHRWHFKQLFaO OaERUaWRU\ WHVWLQJ, WKH SUHGRPLQaQW PaWHULaO 
aYaLOaEOH IURP WKLV ERUURZ aUHa LV UHOaWLYHO\ KRPRJHQHRXV aQG FRQVLVWV RI VaQG\ FOa\ aQG FOa\H\ 
VaQG, ZLWK QHaUO\ HTXaO SRUWLRQV RI VaQG aQG ILQHV LQ PRVW VaPSOHV WHVWHG. TKH VaQG FRQWHQW 
UaQJHG IURP 26.6 WR 50.5 SHUFHQW IRU aOO VaPSOHV, aQG WKH ILQHV FRQWHQW UaQJHG IURP 45.5 WR 
73.4 SHUFHQW aQG ZaV FRPSULVHG RI ORZ SOaVWLFLW\ FOa\ RU VLOW\ FOa\. A VPaOO aPRXQW RI JUaYHO 
(OHVV WKaQ 10 SHUFHQW) ZaV HQFRXQWHUHG LQ RQH VaPSOH. TKH FRUUHVSRQGLQJ USDA FOaVVLILFaWLRQ 
RI WKH SUHGRPLQaQW PaWHULaO W\SH LV ³VaQG\ ORaP.´ 

BaVHG RQ WKH ILHOG LQYHVWLJaWLRQ aQG WKH SUHOLPLQaU\ JUaGLQJ FRQWRXUV VKRZQ LQ FLJXUH 3-6, 
aSSUR[LPaWHO\ 50,000 FXELF \aUGV RI PaWHULaO FRQVLVWLQJ RI FOa\H\ VaQG aQG VaQG\ FOa\ LV 
aYaLOaEOH LQ WKH EaVW BRUURZ AUHa. 

3.3.4.2 Dilco Hill Borrow Area 

TKUHH ERUHKROHV ZHUH GULOOHG LQ WKH DLOFR HLOO BRUURZ AUHa WR GHSWKV UaQJLQJ IURP 40 WR 60 IHHW. 
AW HaFK ERUHKROH ORFaWLRQ, a UHOaWLYHO\ WKLQ YHQHHU RI XQFRQVROLGaWHG VRLO RYHUO\LQJ EHGURFN ZaV 
REVHUYHG. TKH EHGURFN FRQVLVWHG RI VaQGVWRQH, VKaOH, FRaO, aQG LQWHUEHGGHG VaQGVWRQH aQG 
VKaOH. BRUHKROH DH-B1 ZaV GULOOHG LQ WKH QRUWKHUQ SRUWLRQ RI WKH WRS RI WKH KLOO. AW WKLV ORFaWLRQ, 
VLOW\ FOa\ ZLWK VaQG, VLOW\ VaQG, aQG VLOW\ FOa\ ZaV HQFRXQWHUHG WR a GHSWK RI 15.0 IHHW, ZKHUH 
EHGURFN ZaV HQFRXQWHUHG. DH-B2 ZaV GULOOHG LQ WKH FHQWUaO SRUWLRQ RI WKH WRS RI WKH KLOO. SLOW\ 
FOa\ ZLWK VaQG ZaV HQFRXQWHUHG WR a GHSWK RI 2.0 IHHW, ZKHUH EHGURFN ZaV HQFRXQWHUHG. DH-B3 
ZaV GULOOHG LQ WKH VRXWKHUQ SRUWLRQ RI WKH WRS RI WKH KLOO. SLOW\ FOa\ ZLWK VaQG ZaV HQFRXQWHUHG WR a 
GHSWK RI 2.5 IHHW, ZKHUH EHGURFN ZaV HQFRXQWHUHG. 
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BaVHG RQ ERUHKROH ORJV aQG UHVXOWV RI WKH JHRWHFKQLFaO OaERUaWRU\ WHVWLQJ, a VPaOO aPRXQW RI 
XQFRQVROLGaWHG VRLO LV aYaLOaEOH IURP WKH WRS RI WKH KLOO. MaWHULaO UaQJHV LQ GHSWK IURP 
aSSUR[LPaWHO\ 2 WR 15 IHHW, aQG FRQVLVWV RI VaQG aQG VaQG\, VLOW\ FOa\. TKH FRUUHVSRQGLQJ USDA 
FOaVVLILFaWLRQ RI WKLV PaWHULaO LV ³VaQG\ ORaP.´ 

MRVW RI WKH aYaLOaEOH PaWHULaO IURP WKH DLOFR HLOO BRUURZ AUHa LV FRPSULVHG RI VHGLPHQWaU\ 
EHGURFN. AERYH a GHSWK RI aSSUR[LPaWHO\ 25 WR 30 IHHW, WKH SUHGRPLQaQW PaWHULaO W\SH LV 
VaQGVWRQH, VKaOH, aQG LQWHUEHGGHG VaQGVWRQH aQG VKaOH. BHORZ a GHSWK RI 25 WR 30 IHHW, WKH 
SUHGRPLQaQW PaWHULaO LV FRPSULVHG RI VKaOH aQG FRaO.  

BaVHG RQ WKH ILHOG LQYHVWLJaWLRQ aQG WKH SUHOLPLQaU\ JUaGLQJ FRQWRXUV VKRZQ LQ FLJXUH 3-7, 
aSSUR[LPaWHO\ 5,000 FXELF \aUGV RI VaQG\, VLOW\ FOa\ LV aYaLOaEOH IURP WKH WRS 2 WR 15 IHHW RI WKH 
DLOFR HLOO BRUURZ AUHa. IQ aGGLWLRQ, aSSUR[LPaWHO\ 370,000 FXELF \aUGV RI PL[HG VaQGVWRQH, 
VKaOH aQG FRaO LV aOVR aYaLOaEOH. SLQFH aXJHU UHIXVaO ZaV QRW HQFRXQWHUHG LQ aQ\ RI WKH 
ERUHKROHV GULOOHG, LW LV H[SHFWHG WKaW WKLV EHGURFN PaWHULaO FaQ EH ULSSHG XVLQJ FRQYHQWLRQaO 
H[FaYaWLRQ HTXLSPHQW, VXFK aV a CaWHUSLOOaU D-8 RU KHaYLHU GR]HU, ZLWK a VLQJOH WRRWK ULSSHU. 

3.3.4.3 South Drainage Borrow Area 

FRXU ERUHKROHV ZHUH GULOOHG LQ WKH SRXWK DUaLQaJH BRUURZ AUHa WR GHSWKV UaQJLQJ IURP 15 WR 30 
IHHW. BRUHKROH SB-B4 ZaV aGGHG WR WKH GULOOLQJ SURJUaP SUHVHQWHG LQ WKH WRUN POaQ WR EHWWHU 
FKaUaFWHUL]H WKH GHSWK aQG H[WHQW RI SRWHQWLaO ERUURZ PaWHULaO LQ WKH SRXWK DUaLQaJH BRUURZ 
AUHa. BRUHKROH SB-B1 ZaV GULOOHG LQ WKH HaVWHUQ SRUWLRQ RI WKH ERUURZ aUHa, ZKHUH VaQG\ FOa\ 
ZaV HQFRXQWHUHG WR WKH WRWaO ERUHKROH GHSWK RI 25.0 IHHW. SB-B2 ZaV GULOOHG LQ WKH QRUWKHUQ 
SRUWLRQ RI WKH ERUURZ aUHa. AW WKLV ORFaWLRQ, FOa\ ZLWK VaQG ZaV HQFRXQWHUHG WR a GHSWK RI 14.1 
IHHW, ZKHUH VaQGVWRQH EHGURFN ZaV REVHUYHG. SB-B3 ZaV GULOOHG LQ WKH VRXWKZHVWHUQ SRUWLRQ RI 
WKH ERUURZ aUHa. COa\ ZLWK VaQG ZaV HQFRXQWHUHG WR a GHSWK RI 7.8 IHHW, ZKHUH VaQGVWRQH 
EHGURFN ZaV REVHUYHG. SB-B4 ZaV GULOOHG LQ WKH FHQWUaO SRUWLRQ RI WKH ERUURZ aUHa. SaQG\ FOa\ 
ZaV REVHUYHG WR a GHSWK RI 28.5 IHHW, ZKHUH JUaYHOO\ FOa\ ZaV HQFRXQWHUHG.  

BaVHG RQ ERUHKROH ORJV aQG UHVXOWV RI WKH JHRWHFKQLFaO OaERUaWRU\ WHVWLQJ, WKH SUHGRPLQaQW 
PaWHULaO aYaLOaEOH IURP WKLV ERUURZ aUHa LV UHOaWLYHO\ KRPRJHQHRXV aQG FRQVLVWV RI VaQG\ FOa\ 
aQG FOa\ ZLWK VaQG. TKH VaQG FRQWHQW UaQJHG IURP 21.6 WR 46.7 SHUFHQW IRU aOO VaPSOHV WHVWHG, 
aQG WKH ILQHV FRQWHQW UaQJHG IURP 53.3 WR 78.4 SHUFHQW aQG ZaV FRPSULVHG RI ORZ SOaVWLFLW\ FOa\. 
TKH FRUUHVSRQGLQJ USDA FOaVVLILFaWLRQ RI WKH SUHGRPLQaQW PaWHULaO W\SH LV ³VaQG\ FOa\ ORaP.´ 

BaVHG RQ WKH ILHOG LQYHVWLJaWLRQ aQG WKH SUHOLPLQaU\ JUaGLQJ FRQWRXUV VKRZQ LQ FLJXUH 3-7, 
aSSUR[LPaWHO\ 170,000 FXELF \aUGV RI PaWHULaO FRQVLVWLQJ RI VaQG\ FOa\ aQG FOa\ ZLWK VaQG LV 
aYaLOaEOH LQ WKH SRXWK DUaLQaJH BRUURZ AUHa. 
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3.3.4.4 North Drainage Borrow Area 

TZR ERUHKROHV ZHUH GULOOHG LQ WKH NRUWK DUaLQaJH BRUURZ AUHa. NB-B1 ZaV GULOOHG WR a GHSWK
20.0 IHHW LQ WKH QRUWKZHVWHUQ SRUWLRQ RI WKH ERUURZ aUHa. AW WKLV ORFaWLRQ, VLOW\ FOa\ ZLWK VaQG a
VLOW\ VaQG ZaV HQFRXQWHUHG WR a GHSWK RI 18.0 IHHW, ZKHUH JUaYHOO\ VaQG ZaV REVHUYHG. NB-
ZaV GULOOHG WR a GHSWK RI 20.0 IHHW LQ WKH VRXWKHaVWHUQ SRUWLRQ RI WKH ERUURZ aUHa. AW W
ORFaWLRQ, VLOW\ VaQG, VLOW\ FOa\, aQG VaQG\ FOa\�FOa\H\ VaQG ZaV HQFRXQWHUHG WR WKH WRWaO GH
GULOOHG.  

BaVHG RQ ERUHKROH ORJV aQG UHVXOWV RI WKH JHRWHFKQLFaO OaERUaWRU\ WHVWLQJ, WKH SUHGRPLQ
PaWHULaO aYaLOaEOH IURP WKLV ERUURZ aUHa LV UHOaWLYHO\ KRPRJHQHRXV aQG FRQVLVWV RI QHaUO\ HT
SRUWLRQV RI VaQG aQG FOa\ RU VLOW\ FOa\. TKH OaERUaWRU\-PHaVXUHG VaQG FRQWHQW UaQJHG IURP 4
WR 55.6 SHUFHQW IRU aOO VaPSOHV WHVWHG. TKH ILQHV FRQWHQW UaQJHG IURP 44.4 WR 51.0 SHUFHQW a
ZaV FRPSULVHG RI ORZ SOaVWLFLW\ VLOW RU VLOW\ FOa\. TKH FRUUHVSRQGLQJ USDA FOaVVLILFaWLRQ RI W
SUHGRPLQaQW PaWHULaO W\SH LV ³VaQG\ ORaP.´ 

BaVHG RQ WKH ILHOG LQYHVWLJaWLRQ aQG WKH SUHOLPLQaU\ JUaGLQJ FRQWRXUV VKRZQ LQ FLJXUH 3
aSSUR[LPaWHO\ 80,000 FXELF \aUGV RI PaWHULaO FRQVLVWLQJ RI VaQG\, VLOW\ FOa\ aQG VLOW\, FOa\
VaQG LV aYaLOaEOH LQ WKH NRUWK DUaLQaJH BRUURZ AUHa.  

3.4 STOCKPILE MATERIAL INVESTIGATION 

OQ-VLWH VWRFNSLOHV RI WRSVRLO, EHGGLQJ PaWHULaO, aQG HURVLRQ SURWHFWLRQ PaWHULaO Z
FKaUaFWHUL]HG WR GHWHUPLQH WKH YROXPH, FRPSRVLWLRQ, aQG JHRWHFKQLFaO aQG aJURQR
SURSHUWLHV RI WKH PaWHULaOV. TKH VWRFNSLOH ORFaWLRQV aUH VKRZQ RQ FLJXUH 1-3. PKRWRJUaSKV RI W
VWRFNSLOHV aUH SURYLGHG LQ ASSHQGL[ B2. 

3.4.1 Topsoil Stockpile 

TKH WRSVRLO VWRFNSLOH LV ORFaWHG VRXWKZHVW RI WKH MLOO SLWH RIILFH aUHa, ZHVW RI HLJKZa\ 566. 
NRYHPEHU 21, 2013, WZR EXON VaPSOHV RI WKH PaWHULaO ZHUH FROOHFWHG ZLWK a VKRYHO IURP W
VWRFNSLOH. TKH VaPSOHV ZHUH FROOHFWHG E\ VFUaSLQJ aZa\ PaWHULaO IURP WKH VXUIaFH RI WKH 
aQG FROOHFWLQJ PaWHULaO IURP WKH LQWHULRU RI WKH SLOH. DXULQJ WKH VaPSOLQJ, WKH PaWHULaO Z
YLVXaOO\ FOaVVLILHG aV VaQG\ FOa\.  

TKH WRSVRLO VWRFNSLOH ZaV VXUYH\HG ZLWK a KaQG-KHOG GPS XQLW GXULQJ WKH LQYHVWLJaWLRQ, aQG W
VXUYH\ LQIRUPaWLRQ ZaV XVHG WR HVWLPaWH WKH YROXPH RI WKH PaWHULaO. TKH VWRFNSLOH YROXPH

 RI 
QG 
B2 
KLV 
SWK 

aQW 
XaO 
9.0 
QG 
KH 

-7, 
H\ 

HUH 
PLF 
KH 

OQ 
KH 

SLOH 
aV 

KH 
 LV 

VKRZQ LQ WKH WaEOH EHORZ. 



Pre-Design Studies Report, Church Rock Mill Site  October 2014 
23 

3.4.2 Stockpiles of Bedding and Erosion Protection Material 

SHYHQ VHSaUaWH VWRFNSLOHV FRQVLVWLQJ RI EHGGLQJ aQG HURVLRQ SURWHFWLRQ PaWHULaO ZHUH REVHUYHG 
QHaU WKH WaLOLQJV LPSRXQGPHQW. TKH FUXVKHG EaVaOW URFN VWRFNSLOHV aUH VXUSOXV PaWHULaOV IURP 
SUHYLRXV UHFOaPaWLRQ FRQVWUXFWLRQ aFWLYLWLHV aW WKH VLWH.  

AW HaFK VWRFNSLOH ORFaWLRQ, WKH PaWHULaO ZaV YLVXaOO\ FOaVVLILHG. SWRFNSLOH 1 ZaV LGHQWLILHG aV 
FUXVKHU ILQHV PaWHULaO. SWRFNSLOH 3 ZaV LGHQWLILHG aV URaG EaVH PaWHULaO. SWRFNSLOHV 2, 4, 5, 6 aQG 
7 ZHUH LGHQWLILHG aV FUXVKHG EaVaOW HURVLRQ SURWHFWLRQ PaWHULaO. TKH QRPLQaO D50 RI HaFK RI WKH 
VWRFNSLOHG PaWHULaOV ZaV WaNHQ IURP WKH SUHYLRXV SURMHFW VSHFLILFaWLRQV, aV VKRZQ LQ WKH WaEOH 
EHORZ.  

OQ NRYHPEHU 13, 2013, FRPSRVLWH EXON VaPSOHV ZHUH FROOHFWHG IURP SWRFNSLOHV 1 WKURXJK 5 IRU 
OaERUaWRU\ WHVWLQJ. SaPSOHV ZHUH FROOHFWHG E\ VFUaSLQJ aZa\ PaWHULaO IURP WKH VXUIaFH RI WKH 
SLOH aQG FROOHFWLQJ PaWHULaO IURP WKH LQWHULRU RI WKH SLOH. AW SWRFNSLOHV 2 aQG 3, VaPSOHV ZHUH 
FROOHFWLQJ XVLQJ a EaFNKRH. AW SWRFNSLOHV 1, 4, aQG 5, VaPSOHV ZHUH FROOHFWHG ZLWK a VKRYHO. 
SaPSOHV IURP SWRFNSLOHV 6 aQG 7 ZHUH QRW FROOHFWHG EHFaXVH RI WKH OaUJH VL]H RI WKH PaWHULaO.  

TKH VWRFNSLOHV ZHUH VXUYH\HG GXULQJ WKH LQYHVWLJaWLRQ, aQG WKH VXUYH\ LQIRUPaWLRQ ZaV XVHG WR 
HVWLPaWH WKH YROXPH RI PaWHULaO LQ HaFK SLOH. TKH EHORZ aERYH OLVWV WKH PaWHULaO W\SHV aQG WKH 
aSSUR[LPaWH VWRFNSLOH YROXPHV. 
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Volume and Type of Stockpiled Materials 

Stockpile 
Designation 

Material 
1Type  

Approximate 
Volume 

(cubic yards) 

Measured Median 
Particle Size (D50) 

inches (mm)2 

TRSVRLO SWRFNSLOH SaQG\ COa\ 20,000 �0.075 PP 
(NRWH 3) 

SWRFNSLOH 1 CUXVKHU FLQHV 1,300 0.03 (0.7) 

SWRFNSLOH 2 1.5-LQFK EURVLRQ 
PURWHFWLRQ RRFN 2,850 0.94 (24.0) 

0.89 (22.5) 

SWRFNSLOH 3 RRaG BaVH 680 0.50 (12.8) 

SWRFNSLOH 4 1.5-LQFK EURVLRQ 
PURWHFWLRQ RRFN 2,920 1.2 (29.8) 

SWRFNSLOH 5 6-LQFK EURVLRQ 
PURWHFWLRQ RRFN 470 NRWH 4 

SWRFNSLOH 6 9-LQFK EURVLRQ 
PURWHFWLRQ RRFN 260 NRWH 4 

SWRFNSLOH 7 15-LQFK EURVLRQ 
PURWHFWLRQ RRFN 280 NRWH 4 

Notes: 
1. DHVFULSWLRQV EaVHG RQ JUaGaWLRQ VSHFLILFaWLRQV IURP SUHYLRXV 
2. MHaVXUHG aV a SRUWLRQ RI WKLV LQYHVWLJaWLRQ 
3. H\GURPHWHU WHVWV QRW SHUIRUPHG 
4. LaUJH ULSUaS VaPSOHV ZHUH QRW WHVWHG IRU JUaGaWLRQV. 

FRQVWUXFWLRQ aFWLYLWLHV 

3.4.3 Laboratory Testing 

SHOHFWHG VaPSOHV IURP SWRFNSLOHV 1, 2, 3, aQG 4 ZHUH VXEPLWWHG IRU JHRWHFKQLFaO aQG aJURQRPLF 
WHVWLQJ. LaERUaWRU\ WHVW UHVXOWV IRU WKH VWRFNSLOH VaPSOHV aUH SURYLGHG LQ TaEOH 3-2 aQG TaEOH 3-
6, Summary of Geotechnical Laboratory Data – Site Stockpiles, aQG ASSHQGL[ B1. 

3.4.4 Rock Quality Scoring 

SaPSOHV IURP VWRFNSLOHV 2, 4 aQG 6 ZHUH HYaOXaWHG aV SRWHQWLaO VRXUFHV IRU UHXVH aV ULSUaS aQG 
HURVLRQ SURWHFWLRQ aW WKH VLWH. TKH JUaGaWLRQV IURP VWRFNSLOHV 2 aQG 4 LQGLFaWH D50 YaOXHV 
UaQJLQJ IURP 0.9 WR 1.2 LQFKHV IRU WKH WKUHH VaPSOHV WHVWHG. SaPSOHV ZHUH WHVWHG IRU GXUaELOLW\ 
EaVHG RQ JXLGaQFH IRU ORQJ-WHUP SHUIRUPaQFH RXWOLQHG E\ WKH NRC. TKH JXLGaQFH LV IRU URFN WR 
EH XVHG IRU HURVLRQ SURWHFWLRQ RQ H[SRVHG VXUIaFHV aQG XWLOL]H a URFN VFRULQJ YaOXH (-RKQVRQ, 
2002). IQ RUGHU WR GHYHORS WKH VFRULQJ FULWHULa, VSHFLILF JUaYLW\, aEVRUSWLRQ, VRGLXP VXOIaWH 
VRXQGQHVV, L.A. AEUaVLRQ, XQFRQILQHG FRPSUHVVLYH VWUHQJWK, aQG VSOLWWLQJ WHQVLOH VWUHQJWK WHVWV 
ZHUH SHUIRUPHG LQ aFFRUGaQFH ZLWK ASTM JXLGHOLQHV. SWUHQJWK WHVWV ZHUH SHUIRUPHG RQ FRUH 
VaPSOHV IURP OaUJHU VSHFLPHQV RI WKH URFN. RHVXOWV RI WKH GXUaELOLW\ WHVWLQJ aUH SURYLGHG LQ 
ASSHQGL[ B1 aQG VXPPaUL]HG LQ WKH WaEOH EHORZ. 
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BaVHG RQ LQIRUPaWLRQ SURYLGHG LQ NUREG-1623 (NRC, 2002), URFN IRU XVH LQ aUHaV GHILQHG aV 
FULWLFaO aUHaV PXVW PHHW a VFRUH RI 65 SHUFHQW RU JUHaWHU aQG UHTXLUH RYHUVL]LQJ LI WKH VFRUH LV 
OHVV WKaQ 80 SHUFHQW. BaVHG RQ WKH WHVW UHVXOWV (URFN VFRUH RI 69 SHUFHQW), WKH EaVaOW IURP WKH 
VWRFNSLOHV WHVWHG ZRXOG UHTXLUH 11 SHUFHQW RYHUVL]LQJ LI LW ZHUH WR EH XVHG aV HURVLRQ SURWHFWLRQ 
URFN LQ FULWLFaO aUHaV.  

Summary of Durability Scoring Criteria for Stockpiled Nominal 1-inch Basalt 

Laboratory Test1 Result 3Score  Weighting 
4Factor  

Weighted 
Score 

Maximum 
Possible Score 

BXON SSHFLILF GUaYLW\  
(ASTM C127) 

2.77 10 9 90 90 

AEVRUSWLRQ, �  
(ASTM C127) 

1.98 3 2 6 20 

SRGLXP SXOIaWH, 
(ASTM C88) 

�   
9.37 5.6 11 62 110 

LA AEUaVLRQ (100 UHYV.2), �   
(ASTM C535) 

5.9 8 1 8 10 

 HUQFRQILQHG CRPSUHVVLYH   
SWUHQJWK, SVL 

(ASTM D7012, PHWKRG C) 
14,440 3 7 21 70 

SSOLWWLQJ THQVLOH SWUHQJWK 
(ASTM D3967) 

5, SVL  
1,320 9 10 90 100 

TOTALS 277 400 
 Score: 
 Oversizing required: 

Notes: 
1. THVW UHVXOWV SURYLGHG E\ AGYaQFHG THUUa THVWLQJ aQG CTC GHRWHN (2014), WaEOH LQFOXGHV 
2. THVW FRQGXFWHG IRU 100 UHYROXWLRQV SHU NUREG-1623 
3. BaVHG RQ a UaQJH RI 0 WR 10, URFN VWUHQJWK VFRUHV EaVHG RQ (DHPX\, 1965 (TaEOH 1)) 
4. WHLJKWLQJ IaFWRUV IRU LJQHRXV URFN, NUREG-1623 aQG DHPX\ (1965) 
5. THVWV FRQGXFWHG RQ FRUH VaPSOHV IURP WKH D50   9-LQFK VWRFNSLOH. 

69%  
 

UHVXOWV. 

11% 

WKH aYHUaJH RI 2 

3.5 VEGETATION EVALUATION 

CHGaU CUHHN AVVRFLaWHV, IQF. FRQGXFWHG YHJHWaWLRQ aQaORJ aQG EaVHOLQH VXUYH\V RQ OFWREHU 
19-23, 2013 WR HYaOXaWH WKH IROORZLQJ LQIRUPaWLRQ: 1) VXFFHVVLYH YHJHWaWLYH FRPPXQLWLHV RQ 
XQGLVWXUEHG JURXQG QHaU WKH LPSRXQGPHQW (YHJHWaWLRQ aQaORJV), WR SURYLGH LQIRUPaWLRQ 
QHFHVVaU\ WR GHVLJQ a ORQJ-WHUP aQG ORZ-PaLQWHQaQFH YHJHWaWHG UHSRVLWRU\ FRYHU, aQG 2) 
EaVHOLQH VXUYH\V RI WKH ERUURZ aUHaV WR TXaQWLI\ WKH SOaQW aQG aQLPaO FRPPXQLWLHV aW WKH 
SURSRVHG ERUURZ aUHaV WKaW ZLOO EH GLVWXUEHG GXULQJ FRQVWUXFWLRQ. 
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3.5.1 Revegetation of Repository Cover 

IGHQWLILHG YHJHWaWLRQ FRPPXQLWLHV WKaW aUH SURMHFWHG WR FRORQL]H aQG RFFXS\ WKH UHSRVLWRU\ FRYHU 
GXULQJ WKH GHVLJQ OLIH aUH aV IROORZV: 1) HaUO\ WR PLG-VXFFHVVLRQaO (aOVR WHUPHG ³UHFOaLPHG´)�  2) 
JUaVVOaQG (PLG-VXFFHVVLRQaO)� aQG 3) VKUXEOaQG (OaWH-VXFFHVVLRQaO RU FOLPa[ FRPPXQLW\). TKH 
HFRORJLFaO VXFFHVVLRQ aPRQJ WKH SURMHFWHG UHSRVLWRU\ FRYHU FRPPXQLWLHV LV H[SHFWHG WR IROORZ 
WKLV VaPH VHTXHQFH RI UHFOaLPHG, JUaVVOaQG aQG VKUXEOaQG. AOWKRXJK KLJKO\ GHSHQGHQW RQ OaQG 
PaQaJHPHQW SUaFWLFHV aQG FOLPaWLF IaFWRUV, YHJHWaWLRQ VXFFHVVLRQ LV H[SHFWHG WR SURJUHVV 
WKURXJK WKH FRPPXQLWLHV OLVWHG aERYH, RYHU WKH IROORZLQJ aSSUR[LPaWH GXUaWLRQV:      

• RHFOaLPHG CRPPXQLW\:  0 - 50 \HaUV 
• GUaVVOaQG CRPPXQLW\:  25 - 100 YHaUV 
• SKUXEOaQG CRPPXQLW\:  50 - 1,000 YHaUV  

VHJHWaWLRQ VXUYH\V ZHUH FRQGXFWHG aW WKH WKUHH YHJHWaWLRQ FRPPXQLWLHV. CHGaU CUHHN XVHG 
PHWKRGV WKaW TXaQWLILHG WKH YHJHWaWLYH SaUaPHWHUV RI WKH ORFaO YHJHWaWLRQ aQaORJV. IQIRUPaWLRQ 
FROOHFWHG aV SaUW RI WKLV aQaO\VLV ZLOO EH XVHG GXULQJ GHVLJQ RI WKH RA. TKH YHJHWaWLRQ 
FRPPXQLWLHV LGHQWLILHG aQG UHVXOWV RI WKH UHYHJHWaWLRQ HYaOXaWLRQ aUH LQFOXGHG LQ ASSHQGL[ D. 

3.5.2 Baseline Evaluation of Borrow Areas 

RHVXOWV RI WKH YHJHWaWLRQ aQG ZLOGOLIH VXUYH\V aW WKH ERUURZ aUHaV LQGLFaWH WKaW QR UaUH, 
WKUHaWHQHG RU HQGaQJHUHG VSHFLHV RFFXU ZLWKLQ aQ\ RI WKH SRWHQWLaO ERUURZ VLWHV. AGGLWLRQaOO\, 
QR[LRXV ZHHGV, PXVN WKLVWOH, aQG WaPaUL[ ZHUH aOO REVHUYHG LQ WKH EaVW BRUURZ aUHa GXULQJ WKH 
YHJHWaWLRQ VXUYH\V. II VRLOV IURP WKH EaVW BRUURZ AUHa aUH XVHG WR FRQVWUXFW WKH UHSRVLWRU\ 
FRYHU, WKH QR[LRXV ZHHGV LQ WKH EaVW BRUURZ AUHa VKRXOG EH PaQaJHG YLa FKHPLFaO FRQWURO SULRU 
WR FRQVWUXFWLRQ. TKLV ZLOO PLQLPL]H RU SUHYHQW WKH VSUHaG RI QR[LRXV ZHHGV aV a UHVXOW RI 
FRQVWUXFWLRQ. 

FXUWKHU UHVXOWV RI WKH EaVHOLQH aQG aQaORJ VXUYH\V LQGLFaWH WKaW WKH EaVHOLQH aQG aQaORJ VLWHV 
aUH FRPSaUaEOH. TKHUHIRUH, WKH aQaORJ VLWHV FaQ EH XVHG aV a UHIHUHQFH IRU SRVW-FRQVWUXFWLRQ 
UHYHJHWaWLRQ VXFFHVV FULWHULa. SXUYH\ UHVXOWV LQGLFaWH ZKLFK VSHFLHV ZLOO OLNHO\ SURYH VXFFHVVIXO 
GXULQJ UHYHJHWaWLRQ. TKHVH UHVXOWV, FRXSOHG ZLWK RWKHU SURMHFW H[SHULHQFH LQ WKH aULG ZHVW, ZLOO 
EH XVHG WR GHYHORS aQ HIIHFWLYH aQG HIILFLHQW UHYHJHWaWLRQ SOaQ IRU WKH UHSRVLWRU\ FRYHU aQG WKH 
ERUURZ aUHaV GLVWXUEHG GXULQJ FRQVWUXFWLRQ. AGGLWLRQaO GHWaLOV aERXW WKH EaVHOLQH VXUYH\V aUH 
LQFOXGHG LQ ASSHQGL[ D2. 

3.6 BIOINTRUSION EVALUATION 

CHGaU CUHHN AVVRFLaWHV, IQF. FRQGXFWHG ELRLQWUXVLRQ (aQLPaO aQG SOaQW) VXUYH\V RQ OFWREHU 19-
23, 2013 IRU HaFK YHJHWaWLRQ FRPPXQLW\ LGHQWLILHG LQ WKH WRUN POaQ. AQ aQLPaO ELRLQWUXVLRQ 
HYaOXaWLRQ ZaV SHUIRUPHG WR GHWHUPLQH WKH SUHVHQFH RI EXUURZLQJ aQLPaOV LQ WKH MLOO SLWH 
YLFLQLW\. AQLPaO ELRLQWUXVLRQ VaPSOLQJ RFFXUUHG aV VPaOO PaPPaO WUaSSLQJ aQG LQFLGHQWaO ZLOGOLIH 
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REVHUYaWLRQ WUaQVHFWV. PRFNHW JRSKHUV, SUaLULH GRJV, aQG EaGJHUV ZHUH QRW LGHQWLILHG RQ WKH 
H[LVWLQJ LPSRXQGPHQW FRYHU, EXW WKH\ ZHUH LGHQWLILHG LQ WKH YLFLQLW\ RI WKH MLOO SLWH. DLVFXVVLRQV 
ZLWK UNC SHUVRQQHO LQGLFaWH WKaW HYLGHQFH RI SUaLULH GRJV aQG EaGJHUV KaV QRW EHHQ REVHUYHG 
RQ WKH H[LVWLQJ FRYHU, aQG HYLGHQFH RI SRFNHW JRSKHUV RQ WKH FRYHU KaV QRW EHHQ REVHUYHG LQ 
10-15 \HaUV (L. BXVK, SHUV. FRPP., -XO\ 9, 2014). RHVXOWV RI CHGaU CUHHN¶V ELRLQWUXVLRQ 
HYaOXaWLRQ aUH LQFOXGHG LQ ASSHQGL[ D1. 

POaQW ELRLQWUXVLRQ VXUYH\ UHVXOWV LQGLFaWH WKH SUHVHQFH RI a ]RQH RI FaOFLXP FaUERQaWH 
aFFXPXOaWLRQ aW GHSWKV UaQJLQJ IURP 50 WR 70 FP (1.6 WR 2.3 IHHW) aW WKH WKUHH YHJHWaWLRQ 
FRPPXQLWLHV SURMHFWHG WR FRORQL]H WKH UHSRVLWRU\ FRYHU. TKH FaOFLXP FaUERQaWH ]RQH FaQ UHVWULFW 
ZaWHU LQILOWUaWLRQ aQG SOaQW URRW GHSWK aQG FaXVH URRWV WR VSUHaG OaWHUaOO\. AV SaUW RI WKH GHVLJQ 
SURFHVV, IXUWKHU FKaUaFWHUL]aWLRQ RI WKH ERUURZ aUHa VRLOV Pa\ EH QHFHVVaU\ WR LQYHVWLJaWH WKH 
FRQFHQWUaWLRQ RI FaOFLXP FaUERQaWH WKURXJKRXW WKH GHSWK RI WKH H[FaYaWLRQV SURSRVHG LQ WKH 
ERUURZ aUHaV. AGGLWLRQaO LQIRUPaWLRQ aERXW SOaQW ELRLQWUXVLRQ aQG WKH SUHVHQFH RI FaOFLXP 
FaUERQaWH LQ WKH VRLOV LV LQFOXGHG LQ ASSHQGL[ D1. 

3.7 KNOWN CULTURAL RESOURCES AT THE MILL SITE 

DLQHWaKGRR CXOWXUaO RHVRXUFHV MaQaJHPHQW (DLQHWaKGRR) FRQGXFWHG a FXOWXUaO UHVRXUFHV 
LQYHQWRU\ aW HaFK RI WKH ERUURZ aUHaV EHWZHHQ OFWREHU 22-24, 2014. TKH LQYHQWRU\ ZaV 
SHUIRUPHG SULRU WR GULOOLQJ, WR LGHQWLI\ aUFKHRORJLFaO VLWHV ORFaWHG ZLWKLQ WKH ERUURZ LQYHVWLJaWLRQ 
aUHaV. TKH VXUYH\ ZaV FRQGXFWHG XQGHU NHZ MH[LFR SWaWH HLVWRULF PUHVHUYaWLRQ OIILFH SHUPLW 
QXPEHU NM-13-236-SM. PULRU WR WKH ILHOG VXUYH\, DLQHWaKGRR SHUVRQQHO aOVR LQWHUYLHZHG QHaUE\ 
UHVLGHQWV aERXW WKH ORFaWLRQ RI aQ\ VaFUHG SOaFHV, EXULaOV, RU WUaGLWLRQaO FXOWXUaO SOaFHV WKaW 
PLJKW EH aIIHFWHG E\ WKH PDS LQYHVWLJaWLRQ.  

TKH VXUYH\ FRYHUHG a WRWaO aUHa RI aSSUR[LPaWHO\ 72 aFUHV, LQFOXGLQJ a EXIIHU ]RQH H[WHQGLQJ 
aERXW 50 IHHW EH\RQG WKH SURSRVHG OLPLWV RI HaFK RI WKH ERUURZ aUHaV VKRZQ LQ WKH WRUN POaQ. 
DLQHWaKGRR GHPaUFaWHG FXOWXUaO UHVRXUFHV VLWHV LQ WKH ILHOG aW WKH WLPH RI WKH VXUYH\, aQG 
UHFRPPHQGHG a 50-IW EXIIHU EH PaLQWaLQHG aURXQG HaFK VLWH WR HQVXUH WKaW WKH VLWHV ZHUH QRW 
GLVWXUEHG GXULQJ WKH PDS.  

NR SUHYLRXVO\-UHFRUGHG aUFKHRORJLFaO VLWHV ZHUH LGHQWLILHG QHaU WKH ERUURZ aUHaV. FRXU QHZ 
GRFXPHQWHG VLWHV aQG VHYHQWHHQ LVROaWHG RFFXUUHQFHV ZHUH LGHQWLILHG aQG HYaOXaWHG E\ 
DLQHWaKGRR GXULQJ WKH LQYHQWRU\. OQH RI WKH IRXU aUFKHRORJLFaO VLWHV LV WKH ORFaWLRQ RI aQ 
AQaVa]L aUWLIaFW VFaWWHU. TKH RWKHU WKUHH aUFKHRORJLFaO VLWHV ZHUH AQaVa]L KaELWaWLRQV. TKH H[aFW 
ORFaWLRQV RI WKH FXOWXUaO UHVRXUFHV VLWHV KaYH EHHQ UHGaFWHG LQ RUGHU WR SUHVHUYH FRQILGHQWLaOLW\. 
NR WUaGLWLRQaO FXOWXUaO SOaFHV ZHUH LGHQWLILHG LQ WKH aUHa RI LQWHUHVW. 

DLQHWaKGRR UHFRPPHQGHG aUFKHRORJLFaO FOHaUaQFH IRU WKH PDS ILHOG ZRUN aFWLYLWLHV aQG 
VXEVHTXHQW FRQVWUXFWLRQ aFWLYLWLHV LQ WKH aUHaV VXUYH\HG, SURYLGHG WKH IROORZLQJ VWLSXOaWLRQV aUH 
PHW: 
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• CRQVWUXFWLRQ aFWLYLWLHV LQ WKH ERUURZ aUHaV VKaOO EH FRQILQHG WR WKH ILYH LQYHQWRULHG aUHaV. 
TKH OLPLWV RI WKH LQYHQWRULHG aUHaV H[WHQG XS WR 270 IHHW EH\RQG WKH SURSRVHG OLPLWV RI 
JUaGLQJ LQ VRPH ORFaWLRQV, GXH WR ERUURZ aUHa PRGLILFaWLRQV aV a UHVXOW RI WKH PDS.  

• AQ\ QHZ GLVFRYHULHV VKaOO EH LPPHGLaWHO\ UHSRUWHG WR WKH NHZ MH[LFR SWaWH HLVWRULF 
PUHVHUYaWLRQ OIILFH 

FXUWKHU UHFRPPHQGaWLRQV LQFOXGH WKH IROORZLQJ: 

• RH-IOaJ aQG aYRLG VLWHV LA177467�NM-4-21-123 (LQVLGH WKH SRXWK DUaLQaJH BRUURZ 
AUHa) aQG LA177468�NM-4-21-124 (LQVLGH WKH EaVW BRUURZ AUHa).  

• RH-IOaJ aQG PRQLWRU JURXQG GLVWXUELQJ aFWLYLWLHV ZLWKLQ 50-IW RI VLWHV LA177466�NM-4-21-
122 (RXWVLGH WKH NRUWK DUaLQaJH BRUURZ AUHa) aQG LA177469�NM-4-20-61 (LQVLGH WKH 
WHVW BRUURZ AUHa).  

TKH UHFRPPHQGaWLRQV IURP DLQHWaKGRR ZLOO EH LPSOHPHQWHG GXULQJ RA FRQVWUXFWLRQ. AV SaUW RI 
WKH GHVLJQ SURFHVV, a FXOWXUaO UHVRXUFHV LQYHQWRU\ ZLOO EH SHUIRUPHG IRU WKH UHPaLQLQJ aUHaV 
SOaQQHG WR EH LPSaFWHG GXULQJ FRQVWUXFWLRQ RI WKH RA. RHVXOWV RI WKH FXOWXUaO UHVRXUFHV 
LQYHQWRU\ RI WKH ERUURZ aUHaV aUH LQFOXGHG LQ ASSHQGL[ E. 

3.8 INVENTORY OF THE LOCATION, NATURE AND VOLUME OF MILL SITE SURFACE 
DEBRIS 

AQ LQYHQWRU\ RI REVHUYaEOH VXUIaFH GHEULV aQG VROLG ZaVWH ZaV FRQGXFWHG aW WKH MLOO SLWH WR 
TXaQWLI\ WKH YROXPH aQG W\SH RI GHEULV SUHVHQW. TKH MLOO SLWH VXUYH\ LQFOXGHG VXUILFLaO GHEULV 
ORFaWHG LQ WKH VRXWKZHVW aUHa RI WKH MLOO SLWH, PaWHULaOV aQG ZaVWHV ORFaWHG QHaU WKH WaLOLQJV 
LPSRXQGPHQW, WKH WaLOLQJV LPSRXQGPHQW HYaSRUaWLRQ VSULQNOHU V\VWHP, aQG RWKHU PaWHULaOV 
REVHUYHG ZKLOH WUaYHUVLQJ WKH VLWH. TKH GHEULV ORFaWHG QHaU WKH MLOO SLWH RIILFH EXLOGLQJV aQG 
VKaIW FRQVWUXFWLRQ \aUG ZHUH aOVR LQYHQWRULHG aQG aUH LQFOXGHG LQ WKH YROXPH HVWLPaWHV EHORZ. 
BaVHG RQ VLWH LQIRUPaWLRQ, VRPH EXW QRW aOO, RI WKHVH PaWHULaOV ZHUH XVHG GXULQJ PLOO RSHUaWLRQV 
aQG VKRXOG EH aVVXPHG WR KaYH HOHYaWHG FRQFHQWUaWLRQV RI UaGLRQXFOLGHV. TKH PaQaJHPHQW 
aSSURaFK IRU WKHVH PaWHULaOV ZLOO EH GHYHORSHG GXULQJ GHVLJQ RI WKH RA. 

A ZULWWHQ GHVFULSWLRQ, SKRWRJUaSKLF UHFRUG, HVWLPaWH RI WKH VL]H aQG TXaQWLW\, aQG VXUYH\ 
FRRUGLQaWHV RI WKH GHEULV ORFaWLRQV ZHUH UHFRUGHG IRU HaFK REMHFW RU aUHa FRQWaLQLQJ GHEULV WKaW 
ZaV LGHQWLILHG GXULQJ WKH PDS. TKLV LQIRUPaWLRQ LV LQFOXGHG LQ ASSHQGL[ B4. TKH ORFaWLRQV, 
PaWHULaO W\SHV, ZKHWKHU RU QRW WKH PaWHULaO ZaV IL[HG WR WKH VXUIaFH, aQG, LQ VRPH FaVHV, OHQJWK 
RU aUHa RI WKH GHEULV aUH VKRZQ RQ FLJXUH 3-13, Mill Site Debris Overview. EaFK GLVWLQFW SLOH RU 
SLHFH RI GHEULV LV LGHQWLILHG E\ a XQLTXH LGHQWLILFaWLRQ QXPEHU LQ FLJXUHV 3-14 WKURXJK 3-16. TKH 
QXPEHUV FRUUHVSRQG WR WKH GHVFULSWLRQV OLVWHG LQ WKH WaEOH LQ ASSHQGL[ B4.1. TKH GHEULV 
REVHUYHG ZaV FRPSRVHG RI PHWaO, FRQFUHWH, SOaVWLF, ILEHUJOaVV�UXEEHU, aQG�RU ZRRG. 
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AQ HVWLPaWH RI WKH YROXPH RI PaWHULaO SUHVHQW IRU HaFK LWHP RI GHEULV REVHUYHG ZaV PaGH EaVHG 
RQ ILHOG REVHUYaWLRQ aQG, LQ VRPH FaVHV, WKH OHQJWK RU aUHa RI WKH LWHP ZaV PHaVXUHG XVLQJ WKH 
GPS. TKH HVWLPaWHG WRWaO YROXPH IRU OaUJH LWHPV VXFK aV EXLOGLQJV aQG OaUJH WaQNV H[FOXGHV WKH 
YRLG VSaFH ZLWKLQ WKH VWUXFWXUH. SRPH LWHPV FRQWaLQHG PRUH WKaQ RQH W\SH RI PaWHULaO (L.H., WKH 
EXLOGLQJV ORFaWHG RQ WKH VRXWKHaVW VLGH RI WKH WaLOLQJV SRQGV aUH PHWaO aQG ZRRG, aQG aOVR 
FRQWaLQ LQVXOaWLRQ aQG PLVFHOOaQHRXV SaUWV�GHEULV). FRU PaWHULaO W\SH YROXPH FaOFXOaWLRQV, WKH 
YROXPH RI WKH PL[HG PaWHULaO GHEULV ZaV FOaVVLILHG E\ WKH SUHGRPLQaQW PaWHULaO. A EXULaO SLW 
ORFaWHG QRUWKHaVW RI WKH RIILFH EXLOGLQJ LV HVWLPaWHG WR FRQWaLQ aERXW 3,700 F\ RI WUaVK aQG 
GHEULV. TKH WaEOH EHORZ VXPPaUL]HV WKH HVWLPaWHG WRWaO YROXPH RI GHEULV EaVHG RQ WKH PaWHULaO 
W\SH. TRWaO HVWLPaWHG YROXPH RI GHEULV aW WKH MLOO SLWH LV aSSUR[LPaWHO\ 6,870 F\. TKH PRVW 
SURPLQHQW GHEULV PaWHULaO LV PHWaO. TKH VHFRQG OaUJHVW YROXPH RI PaWHULaO RQ WKH VLWH LV FRQFUHWH 
ZKLFK LQFOXGHV IRXQGaWLRQV, YaXOWV, aQG ORaGLQJ GRFNV ORFaWHG LQ WKH VKaIW FRQVWUXFWLRQ \aUG aQG 
QHaU WKH RIILFH EXLOGLQJV. TKH YROXPH WRWaOV aUH EaVHG RQ WKH ILQaO YROXPHV IRU GHEULV WKaW LV 
aQWLFLSaWHG WR EH FRPSUHVVLEOH. 

Summary of Debris Volume by Material Type 

Material Volume (cu. yds.) 

MHWaO 1,870 

CRQFUHWH 615 

POaVWLF 450 

WRRG 175 

FLEHUJOaVV�RXEEHU 60 

MLVF. BXULHG DHEULV 3,700 

Total 6,870 
 

Note: TKH YROXPH RI PLVFHOOaQHRXV EXULHG GHEULV LV aQ 
HVWLPaWH RI WKH EXULHG WUaVK aQG GHEULV ORFaWHG QRUWKHaVW RI WKH 
MLOO SLWH RIILFH EXLOGLQJ. 

A VLPLOaU GHEULV aVVHVVPHQW ZaV FRQGXFWHG aW WKH PLQH VLWH aQG LGHQWLILHG aSSUR[LPaWHO\ 25,600 
F\ RI GHEULV. TKH UHVXOWV aUH SUHVHQWHG LQ WKH NECR MLQH SLWH PDS RHSRUW. 

3.9 VISUAL INSPECTION AND SURVEY OF BRANCH SWALES AND NORTH DIVERSION 
CHANNEL 

SHYHUaO LPSRXQGPHQW EUaQFK VZaOHV (BUaQFK SZaOHV A WKURXJK H) aQG WKH NRUWK USVWUHaP 
DLYHUVLRQ CKaQQHO ZHUH YLVXaOO\ LQVSHFWHG WR GRFXPHQW H[LVWLQJ FRQGLWLRQV, LQ RUGHU WR SURYLGH 
GaWa QHFHVVaU\ IRU GHVLJQ RI WKH RA. TKH VZaOH aQG FKaQQHO ORFaWLRQV aUH VKRZQ RQ FLJXUH 3-8, 
Branch Swales and North Upstream Diversion Channel Section Locations. TKH HYaOXaWLRQV 
ZHUH SHUIRUPHG RQ NRYHPEHU 27, DHFHPEHU 7, aQG DHFHPEHU 14, 2013, aQG LQFOXGHG a 
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TXaOLWaWLYH HYaOXaWLRQ RI WKH SK\VLFaO FRQGLWLRQ RI WKH PaWHULaOV XVHG IRU FRQVWUXFWLRQ, WKH 
SK\VLFaO FRQGLWLRQ RI WKH GUaLQaJH URFN RU FKaQQHO ERWWRP, aQG WKH aPRXQW RI VHGLPHQW aQG 
YHJHWaWLRQ aFFXPXOaWLRQ. FRU WKH NRUWK DLYHUVLRQ CKaQQHO, WKH HYaOXaWLRQ aOVR LQFOXGHG 
TXaOLWaWLYH HYaOXaWLRQ RI WKH FRQGLWLRQ RI WKH EHUP ORFaWHG ZHVW aQG QRUWK RI WKH FKaQQHO (WKH 
URaGZa\ EHUP). 
 
BaVHG RQ WKH ILHOG REVHUYaWLRQV, VHFWLRQV RI VZaOHV RU WKH FKaQQHO ZLWK VLPLOaU FKaUaFWHULVWLFV 
ZHUH LGHQWLILHG aQG JURXSHG WRJHWKHU. TKHVH JURXSLQJV aUH VKRZQ RQ FLJXUH 3-8. TKH H[LVWLQJ 
FRQGLWLRQV ZHUH VXPPaUL]HG IRU HaFK RI WKHVH VHFWLRQV. TaEOH 3-7, Summary of Branch Swale 
Conditions SUHVHQWV a VXPPaU\ RI WKH FRQGLWLRQ RI WKH EUaQFK VZaOHV, aQG TaEOH 3-8, Summary 
of North Upstream Diversion Channel Conditions SUHVHQWV a VXPPaU\ RI WKH FRQGLWLRQV RI WKH 
NRUWK DLYHUVLRQ CKaQQHO. RHSUHVHQWaWLYH SKRWRV IRU HaFK VZaOH RU FKaQQHO VHFWLRQ aUH SURYLGHG 
LQ ASSHQGL[ B3. 
 
IQ aGGLWLRQ WR WKH TXaOLWaWLYH HYaOXaWLRQV, FURVV VHFWLRQV ZHUH VXUYH\HG aFURVV HaFK EUaQFK 
VZaOH aQG FKaQQHO LQ VHYHUaO ORFaWLRQV. CURVV VHFWLRQV ZHUH VXUYH\HG aORQJ WKH HQWLUH OHQJWK RI 
BUaQFK SZaOHV A, E, F, G aQG H aQG SRUWLRQV RI BUaQFK SZaOHV B, C, aQG D aQG WKH NRUWK 
USVWUHaP DLYHUVLRQ CKaQQHO. RHSUHVHQWaWLYH FURVV VHFWLRQV WKURXJK WKH EUaQFK VZaOHV aUH 
VKRZQ RQ FLJXUHV 3-9 WKURXJK 3-11, Branch Swale Cross Sections. RHSUHVHQWaWLYH FURVV 
VHFWLRQV WKURXJK WKH GLYHUVLRQ FKaQQHO aUH VKRZQ RQ FLJXUH 3-12, North Upstream Diversion 
Channel Cross Sections. TKH FRUUHVSRQGLQJ ORFaWLRQV RI WKH UHSUHVHQWaWLYH FURVV VHFWLRQV aUH 
VKRZQ RQ FLJXUH 3-8. TKH H[LVWLQJ GUaLQaJH VZaOHV aQG WKH QRUWK GLYHUVLRQ FaQ EH LQFRUSRUaWHG 
LQWR WKH RA GHVLJQ. SRPH ORFaOL]HG aUHaV Pa\ UHTXLUH PaLQWHQaQFH RU LPSURYHPHQWV GXULQJ 
FRQVWUXFWLRQ WR UHPRYH YHJHWaWLRQ RU VLOWaWLRQ. TKH VL]HV RI WKH H[LVWLQJ VZaOHV aQG GLYHUVLRQ 
FKaQQHO Pa\ UHTXLUH aGMXVWPHQWV WR aFFRPPRGaWH GHVLJQ IORZV. TKLV HYaOXaWLRQ ZLOO EH 
FRPSOHWHG GXULQJ RA GHVLJQ.  
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TI - CS01 - 02A Bulk 0 11 Clayey Gravel with Sand Loam 33.3 23.4 43.3 28.0 15.3
TI - CS02 - 02A Bulk 0 10 Clayey Gravel with Sand Clay Loam 2.81 (4) 36.9 17.0 46.1 28.8 17.3 3.8 0.37 1.06
TI - CS03 - 02A Bulk 0 6 Clayey Gravel with Sand Loam 53.6 18.7 27.7 18.1 9.6
TI - CS04 - 02A Bulk 0 10 Clayey Gravel with Sand Loam 53.6 18.2 28.2 18.0 10.2
TI - CS05 - 02A Bulk 0 9 Sandy Lean Clay Loam 13.9 34.4 51.7 31.2 20.5
TI - CS06 - 02A Bulk 0 7 Clayey Gravel with Sand Loam 2.77 (4) 48.4 18.5 33.1 23.4 9.7 5.7 0.14 1.91
TI - CS07 - 02A Bulk 0 20 Sandy Lean Clay CL Loam 7.8 28 13 15 1.1 41.0 60.9 42.4 18.5
TI - CS08 - 02A Bulk 0 8 Clayey Gravel with Sand Loam 56.7 18.5 24.8 17.2 7.6
TI - CS09 - 02A Bulk 0 9 Clayey Gravel Loam 2.78 (4) 53.6 14.2 32.2 21.2 11.0 5.1 1.17 1.55
TI - CS10 - 02A Bulk 0 7 Clayey Gravel with Sand Loam 41.4 19.7 38.9 26.1 12.8
TI - CS11 - 02A Bulk 0 9 Clayey Gravel with Sand Sandy Loam 30.7 30.1 39.2 26.1 13.1
TI - CS12 - 02A Bulk 0 14 Sandy Lean Clay CL Loam 9.1 33 13 20 1.3 28.8 69.9 43.5 26.4

Radon 
barrier 
(clay 
layer)

TI - CS03 - 04A Bulk 6 24 Sandy Lean Clay CL Loam 6.0 28 14 14 6.3 38.7 55.0 36.1 18.9
TI - CS06 - 04A Bulk 7 24 Sandy Lean Clay CL Loam 11.0 30 13 17 6.7 34.2 59.1 40.2 18.9
TI - CS10 - 04A Bulk 7 25 Sandy Lean Clay CL Loam 7.7 29 14 15 2.3 39.5 58.2 36.9 21.3
TI - CS08 - 04A Bulk 8 28 Sandy Lean Clay CL Loam 8.1 2.67 119.4 @ 11.9 27 12 15 11.3 35.0 53.7 36.7 17.0 9.1E-06 1.1E-05 1.5E-06 24
TI - CS05 - 04A Bulk 9 24 Sandy Lean Clay CL Loam 9.6 29 12 17 1.3 37.3 61.4 42.0 19.4
TI - CS09 - 04A Bulk 9 26 Sandy Lean Clay CL Loam 7.7 28 13 15 4.0 38.1 57.9 40.0 17.9
TI - CS11 - 04A Bulk 9 24 Sandy Lean Clay CL Clay Loam 8.6 2.68 115.0 @ 14.9 32 13 19 5.1 28.4 66.5 40.7 25.8 7.6E-08 1.4E-07 1.0E-07 24
TI - CS02 - 04A Bulk 10 24 Sandy Lean Clay CL Sandy Clay Loam 11.4 28 12 16 3.6 44.7 51.7 30.4 21.3
TI - CS04 - 04A Bulk 10 24 Sandy Lean Clay CL Clay Loam 15.0 2.68 113.5 @ 15.0 35 15 20 0.9 35.0 68.2 37.2 26.9 4.6E-06 6.2E-06 2.3E-07 8
TI - CS01 - 04A Bulk 11 24 Sandy Lean Clay CL Loam 9.2 2.68 117.3 @ 13.0 29 15 14 2.0 39.8 58.2 39.0 19.2 ND3 3.0E-04 4.6E-05 7.8E-07 8 8.6 / 9.6 21.7 / 19.0

Notes: 1.  Sample Types:  Bulk = bucket/grab sample
2.  USCS = Unified Soil Classification Sysytem, material descriptions are based on field observations, and refined with laboratory data, if available.  USCS classifications are provided only where sufficient laboratory data are available. CL = low plasticity clay
3.  USDA = United States Department of Agriculture, USDA classifications are based on the sand/silt/clay fraction of the sample and on USDA grain-size designations.
4.  Bulk saturated surface dry (SSD) specific gravity of the gravel fraction, average of three results (ASTM C127).
5. LL = liquid limit, PL = plastic limit, PI = plasticity index
6.  L.A. abrasion results are percent loss, by mass, for 100 revolutions.
7.  Weighted percent loss for the 3/4-inch to 3/8-inch size range
8.  Average of three results for the gravel fraction of the cover gravel/soil mixture samples
9.  Pinhole dispersion test (ASTM method A) conducted on a specimen remolded to approximately 95% of the maximum standard Proctor density at optimum water content. ND3 = slightly to moderately dispersive clays that erode slowly under 2-inch or 7-inch head.
10.  Flexible wall permeameter tests conducted on specimens remolded to approximately 90, 95 and 100% of the maximum standard Proctor density and tested at the confining stresses shown in the table.
11.  SWCC test conducted on material passing the No. 10 sieve, remolded to approximately 95% of the maximum standard Proctor density and optimum water content.  SWCC tests performed with pairs of specimens for each test.



Table 3-2  Summary of Agronomic and Analytical Laboratory Data - Impoundment Cover, Stockpiles, and Borrow Areas
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Borrow Areas

WB-B2-04 Bulk 0 120 27.30 25.2 2.63 0.3 2.8 9.50 1.5 7.4 6.0 94 0.26 23 0.2 0.87 7.3 280 1.0 ± 0.5
EB-B4-03 Bulk 0 120 27.90 25.5 3.30 0.8 2.3 13.10 0.9 7.7 6.0 178 0.46 83 0.7 3.35 33.1 280 1.1 ± 0.5
NB-B1-04 Bulk 0 180 5.34 20.4 1.01 1.0 6.6 3.18 0.4 8.0 7.0 136 0.16 69 1.1 2.37 20.9 280 0.8 ± 0.5
SB-B4-01 Bulk 0 180 26.10 24.5 2.66 0.6 6.1 10.30 0.8 7.8 7.0 292 0.72 49 0.3 1.20 13.2 336 1.0 ± 0.5
DH-B3-02 Bulk 0 120 7.07 10.3 1.84 3.3 0.4 4.26 0.2 7.8 6.0 42 0.05 155 4 9.61 75.6 168 1.3 ± 0.6

Cover Samples
TI-CS02-01 Bulk 0 7 30.40 30.5 2.95 0.4 2.5 8.36 1.5 7.7 7.0 309 0.87 40 0.2 1.04 10.5 448 1.5 ± 0.6
TI-CS07-01 Bulk 0 6 6.27 24.8 0.81 0.1 2.1 1.94 1.5 7.8 8.0 251 0.40 10 0.1 0.29 2.6 392 1.7 ± 0.5
TI-CS11-01 Bulk 0 6 23.90 22.0 2.81 0.9 3.4 8.23 1.3 7.7 7.0 268 0.95 80 1 4.19 36.2 336 1.0 ± 0.6

Stockpiles Topsoil Stockpile Bulk - - 11.10 33.5 2.30 1.9 1.9 7.99 0.4 7.9 4.0 196 0.20 228 2.3 7.16 84.1 224 1.0 ± 0.6

Note: 1.  Sample Type:  Bulk = bucket/grab sample



Table 3-3  Summary of Borehole and CPT Profiles
North Cell

Site Location:
Dam

Hole Number: 3 28 1 29 2 4 24 13 23 25
Surface Elevation (ft): 6969 6962 6970 6957 6960 6965 6962 6969 6962 6969

1CPT or Paired CPT/Borehole  : paired cpt only paired cpt only paired cpt only cpt only cpt only paired cpt only
Embankment (thickness in feet): 47 - - - - - - - - -
Cover/Fill (thickness in feet): - 10 18 9 12.5 13 7 4 13 2.5
Coarse Tailings (thickness in feet): - 16 17 - 0 2 - - 2 -
Interlayered Coarse/Fine Tailings (thickness in feet): - - - - 0 4.5 - - - -
Fine Tailings (thickness in feet): - 1 - 1 2 - - - 1 -
Bottom of Tailings Elevation (ft): - 6935 6935 6947 6945 6945 6955 6965 6946 6967
Alluvium (thickness in feet): 23 57 53 93 19 6 15 - 27 -
Sandstone (Zone 3) (thickness in feet): * - * - 5 2 - - 22.5 -
Sandstone/Shale (Zone 2) (thickness in feet): - - - - - - - - 5 -

CPT Footage: 9 84 88 103 34 27.5 22 4 43 2.5
Borehole Footage: 70 - 70 - 38.5 - - - 70.5 -

  

Borrow Pits
Site Location:

Perimeter of Borrow Pit 1 Borrow Pit 1 Borrow Pit 2
Hole Number: 5 14 20 17 6 9 10 8 16 18 19 11 27 12
Surface Elevation (ft): 6973 6980 6979 6975 6974 6976 6973 6976 6973 6972 6975 6978 6977 6979

1 CPT or Paired CPT/Borehole : cpt only cpt only cpt only cpt only cpt only cpt only paired paired cpt only cpt only cpt only paired cpt only cpt only
Cover/Fill (thickness in feet): 5 6 7 7 7 7 8 9 8 6 5 43 15 43
Coarse Tailings (thickness in feet): - 11.5 14 8 8 15 14 16 7 6 23 - - -
Interlayered Coarse/Fine Tailings (thickness in feet): - - 7 - - 23 - - 18 0 - - - -
Fine Tailings (thickness in feet): - 3.5 5 6 19 0 22 19 10 30 17 11.5 - 2
Bottom of Tailings Elevation (ft): 6968 6959 6946 6954 6940 6931 6929 6932 6930 6930 6930 6924 6962 6934
Alluvium (thickness in feet)2 : 33 14.5 13 27 2 24 61 17 12 8 13 42.5 65 7
Sandstone (thickness in feet) (Zone 3): - - - - - ++ ++ - - - - - ++ -
Sandstone/Shale (thickness in feet) (Zone 2): - - - - - - - 5 - - - - - -
Sandstone (thickness in feet) (Zone 1): - - - - - - 3 - - - - 6 - -

CPT Footage: 38 35.5 46 48 36 69 63 61 55 50 58 97 80 52
Borehole Footage: - - - - - - 108 66 - - - 103 - -

West Side of Central Cell and South Cell 3
Site Location:

Central Cell South Cell
Hole Number: 15 26 7 21 22 30 31 32
Surface Elevation (ft): 6977 6973 6972 6966 6968 6962 6951 6950

1CPT or Paired CPT/Borehole  : paired cpt only cpt only cpt only cpt only cpt only cpt only cpt only
Cover/Fill (thickness in feet): 3 6 7 5 6 6 6 5
Coarse Tailings (thickness in feet): 27 8 8 - 25 21 20 35
Interlayered Coarse/Fine Tailings: - - 26 - - - - -
Fine Tailings (thickness in feet): - 1 0 - 2 1 4 -
Bottom of Tailings Elevation (ft): 6947 6958 6931 6961 6935 6934 6921 6910
Alluvium (thickness in feet): 41.5 13 29 16 61 47 50 79
Sandstone (thickness in feet): *, ++ - + - - - - +

CPT Footage: 55 28 70 21 94 75 80 119
Borehole Footage: 71.5 - - - - - - -

Notes:
1. Profiles for "CPT only" holes interpreted based on cpt/borehole pairs and CPT signatures are described in Section 3.2.2. (*) Boring terminated in alluvium, prior to refusal
2. Wet alluvial soils encountered at about 90 feet below the ground surface at borings B10 and B11. (+) CPT terminated in alluvium, prior to refusal
3. CPT soundings only (no boreholes) along the west side of the central cell and the south cell. (++) CPT refusal likely on a boulder, or hard clay layer within the alluvium

(-) Material type not encountered, or CPT footage only
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CENTRAL 
CELL

TI-B1 CA 16 16.5 Lean Clay with Sand (Fill) CL 16.2 104.7 33 13 20 0.3 27.2 72.5 42.9 29.6
TI-B1 CA 20.5 21 Coarse Tailings 6.1 5.7
TI-B1 CA 21 21.5 Coarse Tailings 7.5 21.9 / 19.8 96.5 / 99.6 105.5 0.0 90.7 9.3 5.5 3.8 3.7E-04 18 0.024
TI-B1 ST 27 27.5 Coarse Tailings SP 4.0 97.6 2.67 NP 0.0 92.7 7.3 5.2 2.1 2.9E-03 14 34.9
TI-B1 CA 30 30.5 Coarse Tailings 13.9 13.5
TI-B1 CA 30.5 31 Coarse Tailings 14.6 29.6 / 33.8 84.2 / 83.6 91.6 3.0E-07 25 0.092
TI-B1 CA (top) 31 31.5 Coarse Tailings 0.8 0.4
TI-B1 CA (bottom) 31 31.5 Fine Tailings CL 41.6 76.5 2.68 2.69 44 17 27 0.0 30.9 69.1 54.6 14.5 33.3
TI-B1 CC-AC 32 33 Coarse/Fine Tailings CL 29.3 27.8 33 16 17 0.0 46.7 53.3 37.4 15.9
TI-B1 CA 36 36.5 Clayey Sand 21.0 19.9 36.3 / 33.2 85.2 / 88.0 97.3 2.73 0.0 62.5 37.5 32.8 4.7 1.7E-06 32 0.059
TI-B1 CA 41 41.5 Lean Clay with Sand CL 26.7 98.6 31 15 16 0.0 18.2 81.8 54.7 27.1 1.2E-07 35
TI-B1 ST 45 46 Clayey Sand 22 21.2 106.0 0.058 34.4

CENTRAL 
CELL - 

BORROW 
PIT 1

TI-B10 ST (top) 10 11  Coarse Tailings 9.7 9.1 110 110.5 2.63 2.65
TI-B10 ST (bottom) 10 11  Coarse Tailings 9.0 20.7 / 21.5 102.6 / 101.2 96.8 0.2 71.9 27.9 16.6 11.3 4.3E-04 34 0.094
TI-B10 CC-AC (4) (top) 12.5 14  Coarse Tailings 6.7 6.3 2.61 2.64
TI-B10 CC-AC (4) (bot) 12.5 14  Coarse Tailings 7.5 31.3 / 31.4 85.0 / 85.0 99.1 0.7 71.5 27.8 18.9 8.9 6.7E-05 36
TI-B10 CA 15 15.5  Coarse Tailings 9.3 103.0
TI-B10 CA 16 16.5  Coarse Tailings SM 6.5 100.0 2.65 NP 2.4 82.3 15.3 10.2 5.1
TI-B10 ST 21.5 22.5  Coarse/Fine Tailings CL 28.1 26.7 91.9 92.9 43 19 24 0.0 43.0 57.0 51.4 5.6 0.111
TI-B10 CA 25.75 26  Fine Tailings 43.7 41.0
TI-B10 CA 26 26.5  Fine Tailings CH 60.4 57.4 63.1 64.3 2.71 2.80 74 27 47 0.0 10.0 90.0 82.6 7.4
TI-B10 ST 30.3 30.7  Fine Tailings CH 47.7 45.3 72.2 73.4 2.71 2.78 57 22 35 0.0 24.3 75.7 68.4 7.3
TI-B10 ST 32 32.5  Coarse Tailings SM 15.4 100.1 2.67 NP 0.0 83.1 16.9 12.6 4.3
TI-B10 CA 35 35.5 Fine Tailings 50.2 47.7 71.3 72.5
TI-B10 CA 35.5 36 Fine Tailings 54.2 51.4
TI-B10 CA 36 36.5 Coarse/Fine Tailings SC/CL 33.9 32.2 86.7 87.8 2.68 2.72 36 16 20 0.0 50.6 49.4 31.1 18.3
TI-B10 ST (top) 40 41  Fine Tailings 47.3 45.7 70.5 73.7 2.54 2.56
TI-B10 ST (bottom) 40 41  Fine Tailings CH 49.7 47.2 47.7 / 55.7 75.3 / 67.9 73.3 74.5 61 21 40 0.0 20.7 79.3 46.5 32.9 2.9E-08 58 0.315
TI-B10 CA 46 46.5 Silty Sand 9.9 95.4 2.74 0.0 65.8 34.2 23.4 10.8
TI-B10 ST 55 56 Silty Sand 14.1 25.7 / 24.8 98.0 / 99.9 100.8 2.4E-05 72 0.139
TI-B10 CA 66 66.5 Silty Sand / Sandy Silt SM/ML 13.8 94.5 NP 0.0 50.1 49.9 33.4 16.5
TI-B10 CA 71 71.5 Silty Sand 18.1 100.8
TI-B10 CA 91 91.5 Clayey Sand 18.6 105.6 2.66
TI-B10 CC 106.9 107.3 Sandstone 14.2 109.1 1.4E-07 115

CENTRAL 
CELL - 

BORROW 
PIT 2

TI-B11 CA 6 6.5 Sandy Clay (Fill) 8.6 93.5
TI-B11 ST 15 16 Clayey Sand (Fill) 8.2 16.0 / 16.3 117.7 / 116.6 110.4 2.67 3.9 57.6 38.5 24.6 13.9 2.5E-05 38 0.085
TI-B11 CA 21 21.5 Sandy Clay (Fill) 12.3 107.6
TI-B11 ST 30.5 31.5 Sandy Clay (Fill) CL 13.7 112.4 30 13 17 7.1 41.3 51.6 33.9 17.7 9.0E-07 51 0.059
TI-B11 CA 45.5 46 Fine Tailings 117.2 88.7
TI-B11 ST 51.5 52.5  Fine Tailings CH 63.0 59.9 62.5 63.7 2.75 2.84 91 30 61 0.0 2.7 97.3 90 7.3 3.1E-08 67 0.482
TI-B11 ST 56 57 Silty Sand SM 16.2 31.0 / 30.8 90.6 / 92.8 77.9 2.64 NP 0.0 60.4 39.6 31.9 7.7 5.6E-04 72 0.129
TI-B11 CA 61 61.5 Sandy Clay 16.0 95.4 0.0 38.7 61.3 44.1 17.2
TI-B11 CA 66 66.5 Silty Sand 14.2 96.2
TI-B11 CA 81 81.5 Clayey Sand with Gravel 11.0 107.6 2.76 12.9 65.6 21.5 9.9 11.6
TI-B11 CA 100 100.2 Sandstone 21.1 103.9 1.3E-05 112

CENTRAL 
CELL - 

BORROW 
PIT 1

TI-B8 CA 25 25.5 Coarse Tailings 9.0 8.4 103.7 104.2 2.72 2.72
TI-B8 CA (5) 25.5 26 Coarse Tailings 6.2 25.7 94.6 99.6 0.0 87.9 12.7 7.9 4.8 3.6E-04 46
TI-B8 CA (5) 26 26.5 Coarse Tailings SM 16.8 27.0 94.8 91.7 NP 0.0 76.0 24.0 19.0 5.0
TI-B8 ST 30 31 Fine Tailings CH 65.1 61.8 61.5 62.7 74 25 49 0.0 9.2 90.8 81.2 9.6 0.426
TI-B8 ST 31 31.5 Fine Tailings 44.3 41.4
TI-B8 ST (top) 35 36 Coarse Tailings 14.3 13.6 90.9 91.4 2.66 2.67
TI-B8 ST (bottom) 35 36 Coarse Tailings 16.5 31.2 / 39.3 89.3 / 82.3 89.6 2.67 1.6E-05 43
TI-B8 ST (top) 41 42 Fine Tailings 41.8 39.7 79.2 80.4 2.60 2.63
TI-B8 ST (bottom) 41 42 Coarse/Fine Tailings SC/CL 35.6 34.3 33.1 / 31.6 88.7 / 90.7 82.8 83.6 35 16 19 0.0 51.2 48.8 40.7 8.1 1.3E-07 53 0.262
TI-B8 CC-AC (top) 43.5 44.5 Coarse/Fine Tailings 31.2 29.3 91.0 92.3
TI-B8  CC-AC (6) (bot) 43.5 44.5 Fine Tailings 45.6 43.3 47.9 / 49.0 74.4 / 73.6 73.6 74.8 0.0 14.5 85.5 74.7 10.8 3.0E-08 61
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BORROW 
PIT 1 (cont.)

TI-B8 CC-AC 44.5 45 Fine Tailings 2.59 2.60
TI-B8 CA 46 46.5 Lean Clay with Sand CL 21.9 95.2 2.72 30 16 14 0.0 27.9 72.1 55.6 16.5
TI-B8 CA 56 56.5 Silty Sand SM 12.6 97.6 2.70 NP 0.0 57.0 43.0 30.9 12.1
TI-B8 BULK 63.5 64 Shale X X X X

CENTRAL 
CELL

TI-B15 CA 6 6.5 Coarse Tailings 5.4 101.1 0.0 87.5 12.5 9.8 2.7
TI-B15 CA 11 11.5 Coarse Tailings 6.8 93.8
TI-B15 CC-AC 13.5 14 Coarse Tailings SM 19.0 18.4 2.68 NP 0.0 69.6 30.4 22.6 7.8
TI-B15 ST 15.5 16 Coarse Tailings SM 14.2 90.4 2.66 NP 0.0 54.9 15.1 10.1 5.0 8.3E-04 38 0.126
TI-B15 CA 21 21.5 Coarse Tailings SM 12.7 99.8 2.68 NP 0.0 80.6 19.4 13.3 6.1
TI-B15 CC-AC 28.5 29.5 Coarse Tailings SM 19.3 2.66 NP 0.0 65.4 34.6 24.4 10.2
TI-B15 CA (top) 31 31.5 Silty Sand 22.3 21.3
TI-B15 CA (bottom) 31 31.5 Silty Sand SM 17.1 101.8 2.71 NP 6.2 51.9 41.9 25.9 16.0
TI-B15 CA 41 41.5 Clayey Sand 11.4 10.1 87.1 88.1
TI-B15 CA (top) 46 46.5 Sandy Silt 25.8 24.0
TI-B15 CA (bottom) 46 46.5 Sandy Silt ML 17.3 99.3 2.81 NP 0.0 37.0 63.0 55.7 7.3
TI-B15 CA 56 56.5 Silty Clay 11.7 10.5 104.2 105.3
TI-B15 CA 66 66.5 Clayey Sand 12.7 11.8 100.7 101.5

NORTH 
CELL

TI-B23 ST 15.5 15.75 Coarse Tailings 20.7 19.6 87.7 2.77 0.0 62.8 37.2 34.1 3.1
TI-B23 ST 17.25 17.5 Sandy Clay 22.5 101.9 2.73 0.0 31.1 68.9 46.5 22.5
TI-B23 ST 26 27 Lean Clay CL 21.6 101.7 2.73 49 18 31 0.0 8.8 91.2 43.8 47.5 0.046
TI-B23 CA 45.2 45.7 Sandstone 13.8 108.7 2.4E-07 43
TI-B23 CA (8) 65.5 66 Shale 10.2 103.0 9.7E-08 62
TI-B2 CA 6 6.5 Silty Sand with Gravel (Fill) 7.7 100.4 2.68 26.9 29.9 43.2 30.7 12.5
TI-B2 CA 11 11.5 Clayey Sand (fill) 24.5 75.9 2.73 0.0 65.4 34.6 30.3 4.3
TI-B2 CC-AC 13.5 14.5 Fine Tailings 41.7 39.6 0.0 23.1 76.9 49.2 27.7
TI-B2 CA 15 15.5 Silty Sand 6.9 90.4 2.68
TI-B2 CA 21 21.5 Silty Sand 7.0 91.4 2.74 0.0 82.9 17.1 11.5 5.6
TI-B2 CA 26 26.5 Lean Clay with Sand CL 23.5 93.2 34 16 18 0.0 20.9 79.1 51.5 27.6
TI-B2 BULK 38.4 38.7 Sandstone 13.5 X

DAM

TI-B3 CA 11 11.5 Silty Sand (dam) 5.1 108.4 2.64 5.4 74.7 19.9 13.5 6.4
TI-B3 CA 16 16.5 Silty Sand (dam) 4.7 105.3 -2.8 (2,236)
TI-B3 ST 21 22 Sandy Clay (dam) CL 16.0 111.1 30 12 18 0.0 32.8 67.2 41.7 25.5 -0.03 (2,709) 32.2, 195
TI-B3 CA 26 26.5 Sandy Clay (dam) 12.0 106.8 25 13 12
TI-B3 CA 31 31.5 Sandy Clay (dam) 16.1 108.4
TI-B3 ST (top) 35 36 Clayey Sand (dam) 10.5 10.2
TI-B3 ST (bottom) 35 36 Clayey Sand (dam) SC 14.7 102.2 2.67 23 14 9 2.1 50.2 47.7 30.9 16.8 nc -0.7 (4,608) 33.7, 135
TI-B3 CA 41 41.5 Sandy Clay (dam) 21.5 90.6 0.0 33.8 66.2 41.7 24.5
TI-B3 CA 45.5 46 Sandy Clay (dam) 17.0 17.7 110.1 109.4 29.3, 293
TI-B3 CA 46 46.5 Sandy Clay (dam) 18.0 104.8 28 13 15
TI-B3 ST 56 57 Lean Clay CL 22.1 21.1 105.3 106.2 2.72 43 14 29 0.0 11.7 88.3 48.4 39.9 -1.5 (7,204) 22.2, 494
TI-B3 CA 61 61.5 Silty Clay 25.8 99.0 0.0 22.0 78.0 54.9 23.1

  Notes: 1.  Material descriptions are based on field observations, and refined with laboratory data, if available. USCS classifications are provided only where sufficient laboratory data are available. 
2. SWCC tests conducted with pairs of specimens for each test.
3. Flexible wall permeameter tests conducted at confining pressures representing confining stresses for the proposed design fill. Confining stresses were estimated as the 
existing overburden stress on the specimens (depth times total unit weight of material above) plus the maximum anticipated fill height for the location times the estimated unit weight of fill.
4. Specimen remolded to the in-situ water content and density of the Shelby tube sample from 10-12.5 for the SWCC.
5. Remolded SWCC and permeability tests conducted on a 50-50 mixture of the materials from these two specimens, remolded to the average measured density of the two CA samples.  
6. SWCC specimen remolded to the in-situ water content and density of the Shelby tube sample from 41-42 feet. 
7. Compression indices estimated using the maximum anticipated loading during fill placement and the range of loading during testing. Initial void ratios are 
calculated using the average specific gravity for all samples of 2.70.
8. Shale sample had multiple horizontal fractures and was likely disturbed during sampling.

9. Sample Types: CC = continuous core, CC-AC = continuous core in acrylic liner, 
top/bottom indicates the specimen was taken from the top or bottom of the sample interval
10. Values in italics were calculated based on the relationship (WC60=0.951*(WC110)-.0611) 
between the water content results measured for 15 tailings samples at the two oven temperatures.
11. Shaded cells are alluvium.
12. Consolidated undrained (CU) triaxial shear, staged loading of one specimen with pore 
pressure measurements

ST = 3" diam. Shelby tube, CA = California sample
R = remolded, nc = Cc not calculated, because fill will not be placed in this location
X = testing not possible due to sample disturbance

LL = liquid limit, PL = plastic limit, PI = plasticity index
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West Borrow

WB-B1-01A CA 3.0 3.5 Clayey Sand 3.8 88.8 46.7 2.67
WB-B1-03A CA 11.0 11.5 Clayey Sand SC Sandy Loam 6.4 111.0 33.3 2.67 28 18 10 2.8 48.6 48.6 32.8 15.8
WB-B1-06 Bulk 5.0 10.0 Silty, Clayey Sand SC-SM Sandy Loam 2.64 112.5 @ 13.7 26 20 6 0.8 52.3 46.9 31.0 15.9 ND3 7.2E-04 5.8E-04 2.1E-04 6.6 / 6.2 31.7 / 32.4

WB-B2-02A CA 5.5 6.0 Clayey Sand SC Sandy Loam 5.6 87.1 47.8 2.67 8.6 53.5 37.9 23.8 14.1
WB-B2-05 Bulk 10.0 20.0 Clayey Sand SC Sandy Loam 26 17 9 9.9 46.3 43.8 27.7 16.1 ND3 8.5E-05 1.2E-04 6.4E-05 6.4 / 6.7 30.9 / 33.7

WB-B5-001B CA 3.0 3.5 Clayey Sand 3.7 92.5 44.3 2.66
WB-B5-002A CA 6.0 6.5 Silty, Clayey Sand SC-SM Sandy Loam 5.1 86.9 47.7 2.66 24 17 7 0.0 56.3 43.7 27.8 15.9
WB-B5-005 Bulk 0.0 10.0 Silty, Clayey Sand SC-SM Sandy Loam 117.3 @ 12.7 0.0 61.6 38.4 22.8 15.6

East Borrow

EB-B2-001A CA 3.0 3.5 Weath. Sandstone 5.8 107.1 35.8 2.67
EB-B3-003B CA 10.5 11.0 Sandy Lean Clay CL Sandy Loam 6.0 83.1 50.7 2.70 26 15 11 0.0 46.3 53.7 34.9 18.8
EB-B4-02A CA 6.0 6.5 Sandy Lean Clay CL Sandy Loam 5.4 80.7 51.2 2.65 0.0 48.5 51.5 33.9 17.6
EB-B4-06 Bulk 10.0 20.0 Silty, Clayey Sand SC-SM Sandy Loam 2.67 117.1 @ 12.9 23 17 6 0.0 50.5 49.5 32.0 17.5 ND3 8.7E-04 9.0E-04 4.4E-04 4.6 / 4.2 30.8 / 29.8

EB-B5-02B CA 5.5 6.0 Clayey Sand SC Sandy Loam 6.7 93.8 44.4 2.71 27 15 12 8.8 45.7 45.5 28.8 16.7
EB-B6-01B CA 3.0 3.5 Sandy Clay 7.6 91.2 46.1 2.71
EB-B6-03 Bulk 0.0 10.0 Lean Clay with Sand CL Clay Loam 114.8 @ 14.1 0.0 26.6 73.4 44.3 29.1 ND3 2.3E-04 3.6E-05 2.9E-05 9.4 / 9.3 32.8 / 32.2

EB-B6-04A CA 11.0 11.5 Sandy Lean Clay CL Sandy Clay Loam 8.6 95.2 43.3 2.69 31 13 18 0.0 31.1 68.9 43.8 25.1

South Borrow

SB-B1-01A CA 3.5 4.0 Sandy Lean Clay CL Sandy Loam 7.1 91.4 49.3 2.89 0.0 43.1 56.9 39.2 17.7
SB-B1-03A CA 11.0 11.5 Sandy Lean Clay CL Sandy Clay Loam 6.6 82.6 50.7 2.69 31 15 16 0.0 46.7 53.3 32.9 20.4
SB-B1-04 Bulk 0.0 25.0 Sandy Lean Clay CL Sandy Clay Loam 2.70 115.5 @ 14.2 33 14 19 0.0 42.6 57.4 30.7 26.7 ND1 2.3E-04 5.7E-05 1.4E-04 6.4 / 5.9 31.9 / 30.3

SB-B2-02B CA 5.5 6.0 Sandy Lean Clay CL Loam 7.7 80.1 52.6 2.70 36 15 21 0.0 29.8 70.2 45.4 24.8
SB-B3-02A CA 6.0 6.5 Lean Clay with Sand CL Clay Loam 10.2 84.3 49.7 2.69 40 17 23 0.0 21.6 78.4 46.2 32.2
SB-B4-01 Bulk 0.0 15.0 Sandy Lean Clay CL Sandy Clay Loam 7.1 2.67 114.1 @ 14.4 33 15 18 0.8 39.6 59.6 35.7 23.9 ND3 3.4E-04 2.0E-04 7.4E-05 9.1 / 8.6 29.6 / 33.5

North Borrow
NB-B1-03B CA 10.5 11.0 Silty Sand SM Sandy Loam 5.4 84.4 49.5 2.68 25 22 3 0.0 55.6 44.4 30.3 14.1
NB-B2-01B CA 3.0 3.5 Silty Sand SM Sandy Loam 4.9 81.9 50.3 2.64 27 23 4 0.0 51.2 48.8 33.9 15.0
NB-B2-04 Bulk 0.0 10.0 Sandy, Silty Clay CL-ML Sandy Loam 113.9 @ 14.5 26 19 7 0.0 49.0 51.0 32.5 18.5 ND3 4.0E-04 2.7E-04 7.5E-05 4.9 / 4.7 29.5 / 29.9

Dilco Hill

DH-B1-01B CA 3.0 3.5 Silty Sand 3.5 88.8 46.6 2.66
DH-B1-03 Bulk 0.0 10.0 Sandy, Silty Clay CL-ML Sandy Loam 5.4 2.67 117.5 @ 13.8 25 19 6 2.0 47.4 50.6 35.0 15.6 ND4 6.3E-04 7.1E-04 2.5E-04 4.2 / 4.1 39.6  / 35.0
DH-B1-10 Bulk 35.0 45.0 Lean Clay with Sand CL Loam 10.3 2.38 1.5 20.9 77.6 60.9 16.7 ND3 1.6E-04 2.5E-05 3.2E-06 5.8 / 6.0 25.7 / 24.5
DH-B2-03 CA 15.0 15.5 Silty Clay with Sand CL-ML Sandy Loam 10.5 96.7 39.2 2.55 29 24 5 0.0 27.7 72.3 66.9 5.4
DH-B3-05 Bulk 20.0 30.0 Sandy Lean Clay CL Loam 7.3 2.66 116.3 @ 13.0 29 18 11 2.5 34.6 62.9 45.5 17.4

Notes: 1. Sample Types:  CA = California sample, Bulk = bucket/grab sample
2. USCS = Unified Soil Classification Sysytem, material descriptions are based on field observations, and refined with laboratory data, if available.  USCS classifications are provided only where sufficient laboratory data are available. CL = low plasticity clay
3. USDA = United States Department of Agriculture, USDA classifications are based on the sand/silt/clay fraction of the sample and on USDA grain-size designations.
4. LL = liquid limit, PL = plastic limit, PI = plasticity index
5. With the exception of DH-B1-03, which was tested at a density based on the natural in-situ density measured from the CA samples, specimens were remolded to approximately 85% of standard Proctor density and 
between the estimated natural and optimum water contents for the soil. 
6. ND1 = nondispersive clay with very slight to no colloidal erosion under 15-inch or 40-inch head; ND4, ND3 = slightly to moderately dispersive clays that erode slowly under 2-inch or 7-inch head (ASTM test method A)
7. Specimens remolded to approximately 80%, 85%, and 90% of maximum standard Proctor dry density and between the estimated natural and optimum water contents for the soil.
8. Specimens remolded to approximately 85% of maximum standard Proctor dry density and between the estimated natural and optimum water contents for the soil.  SWCC tests performed with pairs of speciments for each test.



Table 3-6  Summary of Geotechnical Laboratory Data - Site Stockpiles
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Stockpiles

Topsoil-01 Bulk Sandy Clay CL 2.68 33 10 23 2.6 32.4 65.0
Topsoil-02 Bulk Sandy Clay CL 2.71 39 12 27 0.5 26.8 72.7
TI-SP1-01 Bulk Crusher Fines 1.9 80.8 17.3

TI-SP2-01A Bulk Erosion Protection Gravel 2.78 (3) 93.0 6.3 0.7 5.7 8.26 1.868
TI-SP2-01C Bulk Erosion Protection Gravel 83.3 4.9 11.8
TI-SP3-01A Bulk Road Base (gravel with sand) 67.4 24.6 8.0
TI-SP4-01A Bulk Erosion Protection Gravel 2.75 (3) 98.0 1.2 0.8 6.1 10.47 2.091

TI-SP6 (56A) Bulk 9-inch riprap 20,780 and 23,630 1,320 and 1,400
TI-SP6 (56B) Bulk 9-inch riprap 19,100 and 14,440 1,530 and 1,720

Notes: 1. Bulk = bucket/grab sample
2. USCS = Unified Soil Classification Sysytem, material descriptions are based on field observations, and refined with laboratory data, if available. 
USCS classifications are provided only where sufficient laboratory data are available. CL = low plasticity clay
3. Average of three bulk saturated surface dry (SSD) specific gravity results for the rock samples (ASTM C127)
4. LL = liquid limit, PL = plastic limit, PI = plasticity index
5. L.A. Abrasion results are percent loss, by mass, for 100 revolutions.
6. Weighted percentage loss for 0.75 to 1.5-inch size range
7. Average of three absorption results
8. Specimens were collected from the 9-inch stockpile and cored for strength testing.



Table 3-7  Summary of Branch Swale Conditions

Swale
Section(1)

Observation
Date Sedimentation(2)

Approx. Depth of
Sediment Accumulation

Above Rock
Vegetation

Accumulation(3) Other Observations

Branch Swale A
A-1 11/27/2013 Moderate Up to 3" Moderate to Heavy
A-2 11/27/2013 Heavy Up to 12" Moderate to Heavy Sediment accumulation appears to be from erosion of the south slope of the swale.
A-3 11/27/2013 Light < 1/2" Light to Moderate
A-4 11/27/2013 Moderate Up to 2" Moderate Low area, with standing water present.
A-5 12/7/2013 Moderate Up to 3" Moderate to Heavy

Branch Swale B
B-1 11/27/2013 Moderate Up to 2" Moderate Sediment accumulation appears to be from erosion of east slope of the swale.
B-2 11/27/2013 Light < 1/2" Moderate

Branch Swale C
C-1 12/7/2013 Heavy Up to 8" Moderate Sediment accumulation appears to be from erosion of the east slope of the swale.
C-2 12/7/2013 Light < 1/2" Moderate
C-3 12/7/2013 Moderate Up to 1" Moderate
C-4 12/7/2013 Heavy Up to 12" Moderate Sediment accumulation appears to be from erosion of the south slope of the swale.
C-5 12/7/2013 Light < 1/2" Light to Moderate
C-6 12/7/2013 Moderate Up to 2" Light to Moderate

Branch Swale D
D-1 12/7/2013 Heavy Up to 8" Moderate Sediment accumulation appears to be from erosion of the east slope of the swale.
D-2 12/7/2013 Moderate Up to 2" Moderate
D-3 12/7/2013 Light < 1/2" Moderate to Heavy
D-4 12/7/2013 Moderate Up to 1" Light Low area, with standing water present.
D-5 12/7/2013 Moderate Up to 2" Light
D-6 12/7/2013 Moderate Up to 2" Heavy

Branch Swale E
E-1 12/7/2013 Heavy Up to 6" Moderate to Heavy Partial erosion of side rock to bottom in places.
E-2 12/7/2013 Light < 1/2" Moderate to Heavy Partial erosion of side rock to bottom in places.

Branch Swale F
F-1 12/14/2013 Minimal None Moderate
F-2 12/14/2013 Minimal None Light Partial erosion of side rock to bottom in places.

Branch Swale G
G-1 12/14/2013 Minimal None Moderate Partial erosion of side rock to bottom in places.
G-2 12/14/2013 Minimal None Light

Branch Swale H
H-1 12/7/2013 Light to Moderate Up to 2" Moderate
H-2 12/7/2013 Light < 1/2" Moderate

Notes: 1. Swale sections are shown on Figure 3-8.
2. Sedimentation:

Minimal = Erosion protection rock is entirely visible, with little to no accumulation of sediment
Light = Erosion protection rock is mostly visible, with less than 1/2 inch sediment accumulation above the rock in places

Moderate = Erosion protection rock is not visible, or only partially visible, with accumulation of sediment up to approximately 3 inches above the rock
Heavy = Erosion protection rock is not visible, with accumulation of sediment up to approximately 6 inches or greater

3. Vegetation:
Minimal = None, or only occasional vegetation present

Light = Some light vegetation present (grasses/small shrubs), covering up to approximately 1/3 of the surface
Moderate = Up to approximately 2/3 of the surface covered with vegetation and/or tumbleweeds

Heavy = Nearly entire surface covered with heavy vegetation and/or tumbleweeds



Table 3-8  Summary of North Upstream Diversion Channel Conditions

Channel
Section(1)

Observation
Date Sedimentation(2)

Approx. Depth of
Sediment Accumulation

Vegetation
Accumulation(3)

Condition of
Roadway Berm

Other
Observations

NDC-1 12/14/2013 Light Up to 6" Moderate Steep, comprised of sandstone and fill, some minor 
erosional rills present in fill material, lightly vegetated. No erosion protection rock is present on bottom or sides.

NDC-2 12/14/2013 Minimal None Light to Moderate Less steep, covered with erosion protection rock, little or 
no vegetation. Erosion protection rock is present on bottom and sides.

NDC-3 12/14/2013 Minimal None Moderate Steep, comprised of sandstone and fill, heavily vegetated. No erosion protection rock is present on bottom, some 
small rock on sides.

NDC-4 12/14/2013 Minimal to Light Up to 2" Light to Moderate Less steep than previous section, erosion protection rock 
extends about 2/3 up the slope, lightly vegetated.

Erosion protection rock is present on bottom and east 
slope, and 2/3 up west slope.

NDC-5 12/14/2013 Light to Moderate Up to 12" Moderate to Heavy Steep, comprised of sandstone and fill, some minor 
erosional rills present in fill material. No erosion protection rock is present on bottom or sides.

NDC-6 12/14/2013 Moderate to Heavy Up to 18" Heavy
Less steep than previous section, comprised of sandstone 
and fill, some minor erosion rills present in fill material with 
sediment accumulation at the toe, heavily vegetated.

No erosion protection rock present.  Sediment 
accumulation appears to be from East Borrow Area.  
Channel is less well-defined in this area.

NDC-7 12/14/2013 Light Up to 6" Moderate to Heavy Comprised of fill, some minor erosion rills present, heavily 
vegetated.

No erosion protection rock is present on bottom or sides, 
east slope of channel becomes increasingly shallow 
(moving south to north).

NDC-8 12/14/2013 Moderate to Heavy Up to 18" Heavy Comprised of fill, some erosion rills present, with some 
sediment accumulation at the toe, heavily vegetated.

No erosion protection rock is present on bottom or sides.  
Sediment accumulation appears to be from area east of 
channel.  East embankment becomes increasingly shallow 
toward the north.

NDC-9 12/14/2013 Moderate to Heavy Up to 18" Heavy Comprised of fill, some minor erosion rills present, lightly 
vegetated.

No erosion protection rock is present on bottom or sides.  
An incised erosional cut is present at the bottom of the 
channel, in what appears to be shale. 

Notes:
1. Channel sections are shown on Figure 3-8.
2. Sedimentation:

Minimal = Little to no accumulation of sediment on channel bottom
Light = Accumulation of sediment up to approximately 6 inches in portions of channel bottom

Moderate = Accumulation of sediment up to approximately 12 inches in portions of channel bottom
Heavy = Accumulation of sediment up to approximately 18 inches or greater in portions of channel bottom

3. Vegetation:
Minimal = None, or only occasional vegetation present

Light = Some light vegetation present (grasses/small shrubs), covering up to approximately 1/3 of the surface
Moderate = Up to approximately 2/3 of the surface covered with vegetation and/or tumbleweeds

Heavy = Nearly entire surface covered with heavy vegetation and/or tumbleweeds
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4.0 SUMMARY AND CONCLUSIONS 
TKH PDS ZHUH FRQGXFWHG aW WKH MLOO SLWH LQ SUHSaUaWLRQ IRU GHVLJQ RI WKH UHSRVLWRU\, aV a SaUW RI 
WKH NECR MLQH SLWH RA. TKH JRaO RI WKH PDS ZaV WR FROOHFW SUH-GHVLJQ GaWa aQG LQIRUPaWLRQ 
QHFHVVaU\ WR GHVLJQ WKH RA LQ aFFRUGaQFH ZLWK WKH SURSRVHG SHUIRUPaQFH VWaQGaUGV aQG 
UQLWHG SWaWHV EQYLURQPHQWaO PURWHFWLRQ AJHQF\¶V RHJLRQ 9 (USEPA) Action Memorandum: 
Request for Non-Time Critical Removal Action at the Northeast Church Rock Mine Site (AFWLRQ 
MHPR) (USEPA, 2011a) aQG WKH USEPA RHJLRQ 6¶V Proposed Plan (USEPA, 2012) aQG WKH 
Record of Decision (ROD) IRU WKH UQLWHG NXFOHaU CRUSRUaWLRQ (CKXUFK RRFN MLOO SLWH) SXUIaFH 
SRLO OSHUaEOH UQLW NPL SLWH (USEPA, 2013). TKH WaVNV WKaW ZHUH FRQGXFWHG GXULQJ WKH PDS 
FRQVLVWHG RI WKH IROORZLQJ: 

• TRSRJUaSKLF VXUYH\ RI WKH LPSRXQGPHQW FHOOV aQG VXUURXQGLQJ aUHaV 
• GHRWHFKQLFaO HYaOXaWLRQ RI WaLOLQJV LPSRXQGPHQW aQG XQGHUO\LQJ XQLWV  
• BRUURZ PaWHULaO LQYHVWLJaWLRQ 
• VROXPH aQG FKaUaFWHULVWLFV RI RQ-VLWH HURVLRQ SURWHFWLRQ PaWHULaOV 
• RHYHJHWaWLRQ VWXG\  
• BLRLQWUXVLRQ HYaOXaWLRQ  
• CXOWXUaO UHVRXUFHV VXUYH\  
• VLVXaO LQVSHFWLRQ aQG VXUYH\ RI EUaQFK VZaOHV aQG NRUWK USVWUHaP DLYHUVLRQ CKaQQHO 
• DHEULV LQYHQWRU\ 

RHVXOWV RI WKH LQGLYLGXaO LQYHVWLJaWLRQV aUH GHVFULEHG LQ SHFWLRQ 3.0 aQG WKH GaWa aUH SURYLGHG LQ 
ASSHQGLFHV. TKH VLJQLILFaQW UHVXOWV IURP WKH PDS aW WKH MLOO SLWH aUH VXPPaUL]HG EHORZ, aORQJ 
ZLWK ILQGLQJV WKaW SRWHQWLaOO\ LPSaFW RA GHVLJQ. 

TKH WaLOLQJV HQFRXQWHUHG LQ WKH WaLOLQJV LPSRXQGPHQW aUH OaWHUaOO\ aQG YHUWLFaOO\ KHWHURJHQHRXV, 
aQG FRQWaLQ YaU\LQJ aPRXQWV RI ILQH-JUaLQHG WaLOLQJV. TKLV YaULaELOLW\ LV FRQVLVWHQW ZLWK WKH 
RSHUaWLRQ RI WKH PLOO aQG ORFaWLRQ RI VOXUULHG WaLOLQJV GLVFKaUJH aQG SRQGHG ZaWHU ZLWKLQ WKH 
LPSRXQGPHQW. AV a UHVXOW RI WKLV KHWHURJHQHLW\, WKH WaLOLQJV ZaWHU FRQWHQW YaULHV WKURXJKRXW WKH 
LPSRXQGPHQW aQG ZLWKLQ LQGLYLGXaO WaLOLQJV SURILOHV. BaVHG RQ WKH CPT ZRUN, REVHUYaWLRQ RI 
FROOHFWHG VaPSOHV, aQG OaERUaWRU\ WHVWLQJ, WKH WaLOLQJV SURILOHV HQFRXQWHUHG LQ WKH PDS 
LQYHVWLJaWLRQ aUH XQVaWXUaWHG. 

WKLOH WKHUH LV YaULaELOLW\ LQ WKH WaLOLQJV SaUWLFOH-VL]H GLVWULEXWLRQ aQG ZaWHU FRQWHQW, WKH WaLOLQJV 
LPSRXQGPHQW LV a VXLWaEOH UHSRVLWRU\ VLWH, ZLWK aSSURSULaWH GHVLJQ FRQVLGHUaWLRQV IRU WaLOLQJV 
VHWWOHPHQW. PRWHQWLaO SHUIRUPaQFH LVVXHV UHOaWHG WR WaLOLQJV VHWWOHPHQW ZLOO EH aFFRPPRGaWHG 
GXULQJ GHVLJQ ZLWK WKH WRWaO aPRXQW aQG UaWH RI ORaGLQJ IURP PLQH VSRLOV SOaFHPHQW.  

RHVXOWV RI WKH ERUURZ LQYHVWLJaWLRQV aQG SUHOLPLQaU\ JUaGLQJ Oa\RXWV LQGLFaWH WKaW XS WR 400,000 
F\ RI VRLO aUH aYaLOaEOH LQ WKH ERUURZ aUHaV, H[FOXGLQJ WKH DLOFR HLOO BRUURZ AUHa ZKLFK LV PRVWO\ 
VHGLPHQWaU\ URFN. TKH SUHOLPLQaU\ JUaGLQJ aQG H[FaYaWLRQ SOaQV H[FOXGH aUHaV ZLWKLQ 100 IHHW 
(EXIIHU ]RQH) RI WKH LGHQWLILHG FXOWXUaO VLWHV. ASSUR[LPaWHO\ 20,000 F\ LV aYaLOaEOH LQ WKH WRSVRLO 
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VWRFNSLOH. TKH VRLO LQ WKH ERUURZ aUHaV KaV aQ aYHUaJH ILQHV FRQWHQW RI 53 SHUFHQW, LQGLFaWLQJ LW 
LV VXLWaEOH IRU FRQVWUXFWLRQ RI aQ HYaSRWUaQVSLUaWLYH (ET) FRYHU. BaVHG RQ SUHOLPLQaU\ GHVLJQV 
aQG aVVXPLQJ a UHSRVLWRU\ FaSaFLW\ RI 900,000 F\ ZLWK a WKUHH IRRW WKLFN ET FRYHU, XS WR 
323,000 F\ RI FRYHU aQG FOHaQ ILOO VRLO FRXOG EH UHTXLUHG IRU UHSRVLWRU\ FRQVWUXFWLRQ. TKLV VRLO 
YROXPH GRHV QRW LQFOXGH ILOO UHTXLUHG IRU UHJUaGLQJ aW WKH NECR MLQH SLWH. II PRUH WKaQ 420,000 
F\ RI ERUURZ LV UHTXLUHG IRU RA FRQVWUXFWLRQ aW ERWK WKH MLQH aQG MLOO SLWHV, URFN PaWHULaO FRXOG 
EH H[FaYaWHG IURP WKH DLOFR HLOO aQG FUXVKHG LQ OLPLWHG TXaQWLWLHV. 

TKH H[LVWLQJ VRLO-JUaYHO aGPL[WXUH LQ WKH FRYHU RQ WKH LPSRXQGPHQW FaQ EH VWULSSHG aQG UHXVHG 
GXULQJ RA FRQVWUXFWLRQ. VROXPH HVWLPaWHV LQGLFaWH WKHUH LV XS WR 80,000 F\ RI WKLV PaWHULaO 
aYaLOaEOH, GHSHQGLQJ RQ WKH ILQaO UHSRVLWRU\ GHVLJQ. GUaGLQJ SOaQV ZLOO GLFWaWH ZKHWKHU aGGLWLRQaO 
OaUJHU URFN aUH QHHGHG WR VXSSOHPHQW WKH URFN VL]HV SUHVHQWO\ LQ WKH aGPL[WXUH Oa\HU.  

TKH H[LVWLQJ HURVLRQ SURWHFWLRQ URFN SUHVHQW aW WKH MLOO SLWH (LQ VWRFNSLOHV) FRXOG EH XVHG aV 
VXSSOHPHQWaO PaWHULaO IRU RA FRQVWUXFWLRQ. TKH GXUaELOLW\ VFRULQJ RI WKH H[LVWLQJ VWRFNSLOHG 
PaWHULaOV LQGLFaWHV VRPH RYHUVL]LQJ Pa\ EH UHTXLUHG IRU WKLV PaWHULaO, GHSHQGLQJ RQ LWV LQWHQGHG 
IXWXUH XVH. RLSUaS IRU FKaQQHOV ZRXOG OLNHO\ QHHG WR EH LPSRUWHG, GXH WR WKH OLPLWHG YROXPHV RI 
PaWHULaO VWRFNSLOHG RQ VLWH. 

TKH H[LVWLQJ FOa\ Oa\HU (UaGRQ EaUULHU) EHQHaWK WKH FRYHU aGPL[WXUH Oa\HU ZaV WHVWHG IRU 
JHRWHFKQLFaO SURSHUWLHV, LQFOXGLQJ UHPROGHG VaWXUaWHG K\GUaXOLF FRQGXFWLYLW\. TKH FOa\ Oa\HU LV 
VXLWaEOH IRU a SK\VLFaO EaUULHU EHWZHHQ WKH PLQH VSRLOV aQG XQGHUO\LQJ WaLOLQJV. THVWLQJ RI 
UHPROGHG VaPSOHV RI WKH FOa\ Oa\HU PaWHULaO LQGLFaWH WKaW VaWXUaWHG FRQGXFWLYLWLHV RQ WKH RUGHU RI 
10-7 FP�VHF ZRXOG EH aFKLHYHG LI WKH PaWHULaO ZaV UHZRUNHG aQG FRPSaFWHG aW QHaU RSWLPXP 
ZaWHU FRQWHQW WR EHWZHHQ 95 aQG 100� RI VWaQGaUG PURFWRU GHQVLW\.  

TKH H[LVWLQJ GUaLQaJH VZaOHV aQG WKH QRUWK GLYHUVLRQ FaQ EH LQFRUSRUaWHG LQWR WKH RA GHVLJQ. 
SRPH ORFaOL]HG aUHaV Pa\ UHTXLUH PaLQWHQaQFH RU LPSURYHPHQWV GXULQJ FRQVWUXFWLRQ WR UHPRYH 
YHJHWaWLRQ RU VLOWaWLRQ. TKH VL]HV RI WKH H[LVWLQJ VZaOHV aQG GLYHUVLRQ FKaQQHO Pa\ UHTXLUH 
aGMXVWPHQWV WR aFFRPPRGaWH GHVLJQ IORZV. TKLV HYaOXaWLRQ ZLOO EH FRPSOHWHG GXULQJ RA GHVLJQ.  

AQLPaO ELRLQWUXVLRQ VWXGLHV UHVXOWV LQGLFaWH WKH SUHVHQFH RI SRFNHW JRSKHUV, SUaLULH GRJV, aQG 
EaGJHUV LQ WKH YLFLQLW\ RI WKH MLOO SLWH. TKH YHJHWaWLRQ aQG ELRLQWUXVLRQ VWXGLHV aOVR LGHQWLILHG a 
FaOFLXP FaUERQaWH aFFXPXOaWLRQ ]RQH LQ WKH YHJHWaWLRQ aQaORJ aUHaV WKaW FRXOG SRWHQWLaOO\ 
UHVWULFW SOaQW URRW aQG ZaWHU LQILOWUaWLRQ GHSWK. FXUWKHU FKaUaFWHUL]aWLRQ RI WKH ERUURZ aUHa VRLOV LV 
QHFHVVaU\ WR LQYHVWLJaWH WKH FRQFHQWUaWLRQ RI FaOFLXP FaUERQaWH WKURXJKRXW WKH GHSWK RI WKH 
H[FaYaWLRQV SURSRVHG LQ WKH ERUURZ aUHaV, LQ RUGHU WR GHVLJQ WKH HYaSRWUaQVSLUaWLYH FRYHU aQG 
VSHFLI\ RUJaQLF aPHQGPHQWV QHFHVVaU\ IRU YHJHWaWLRQ HVWaEOLVKPHQW. 
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RHVXOWV RI WKH YHJHWaWLRQ aQG ZLOGOLIH VXUYH\V aW WKH ERUURZ aUHaV LQGLFaWH WKH IROORZLQJ:   

1. NR UaUH, WKUHaWHQHG RU HQGaQJHUHG VSHFLHV RFFXU ZLWKLQ aQ\ RI WKH SRWHQWLaO ERUURZ 
VLWHV. 

2. II VRLOV IURP WKH EaVW BRUURZ AUHa aUH XVHG WR FRQVWUXFW WKH UHSRVLWRU\ FRYHU, WKH QR[LRXV 
ZHHGV LQ WKH aUHa VKRXOG EH PaQaJHG YLa FKHPLFaO FRQWURO SULRU WR FRQVWUXFWLRQ, LQ RUGHU 
WR PLQLPL]H WKH VSUHaG RI QR[LRXV ZHHGV aV a UHVXOW RI FRQVWUXFWLRQ. 

3. TKH EaVHOLQH aQG aQaORJ VLWHV aUH FRPSaUaEOH� WKHUHIRUH WKH aQaORJV FaQ EH XVHG aV a 
UHIHUHQFH IRU SRVW-FRQVWUXFWLRQ UHYHJHWaWLRQ VXFFHVV FULWHULa. 

TKH GaWa FROOHFWHG aQG VXPPaUL]HG LQ WKLV UHSRUW aV a SRUWLRQ RI WKH PDS PHHW WKH REMHFWLYHV RI 
WKH WRUN POaQ aQG aUH VXIILFLHQW IRU XVH LQ WKH RA GHVLJQ. TKH RQO\ LGHQWLILHG GaWa JaS LV 
SRWHQWLaO IXUWKHU aJURQRPLF FKaUaFWHUL]aWLRQ RI ERUURZ aUHa VRLOV, ZKLFK ZRXOG EH LPSOHPHQWHG 
GXULQJ WKH GHVLJQ SKaVH.  
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TO: Mr. Lance Hauer, GE  DATE:  August 12, 2013  

(Revised September 26, 2013) 
  
FROM: Jason Cumbers, PE, MWH  REFERENCE:  1012376 
 
CC: Toby Leeson, MWH 
 
SUBJECT:   Church Rock Mill Site Repository - Summary of Relevant Geotechnical Data 
 

 
Background 
NRC and DOE comments on the MWH Draft Data Gaps Report (MWH, 2012) recommended a 
site geotechnical investigation of the foundation materials for the new repository. MWH 
evaluated existing geotechnical, geological and hydraulic data for the tailings and underlying 
materials in the vicinity of the proposed repository.  Specifically, this information was evaluated 
relevant to the placement of mine spoils on top of the reclaimed tailings impoundment, in order 
to develop a focused geotechnical investigation program to obtain information to supplement 
existing information on the tailings, the underlying alluvium, and the Zone 3 Sandstone.  
 
This memorandum provides a summary of existing data from the materials described above.    
This summary of data is focused on the area around the conceptual repository layouts and the 
specific data for the tailings, in the North and Central Cells. Pertinent geotechnical, geological 
and hydraulic information is summarized herein, and references, where specific test results and 
borehole information can be found, are presented.  Figure 1 shows the locations of pertinent 
historic borings, wells, and geologic cross sections in the vicinity of the North and Central Cells. 
Figure 2 shows the locations of the currently existing wells at the site, as well as the locations of 
aquifer tests performed within the sandstone and alluvium, and permeability tests conducted at 
soil boring locations. Information on the borehole permeability tests is included in this summary 
and the existing information from the aquifer tests is further discussed in the documents 
included in Appendix B. 
 
Table 1 provides a description of the existing relevant geotechnical data by study date and 
material type. This data summary includes available geotechnical data pertinent to loading of 
the tailings with mine spoils, and generally does not include data collected in the South Cell.  
Information in Table 1 is compiled from reports listed in the References section of this 
memorandum.  Table 1 is not a comprehensive summary of all available geotechnical data from 
the North and Central Cells.   
 
Tailings 
Geotechnical data on the tailings in the North and Central Cells are available from several 
sources. Additional tailings data also exist for the tailings in the South Cell. During the 
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preliminary geotechnical investigation for the impoundment in 1974 (SHB, 1974), a bulk sample 
of the cycloned tailings sands was tested for gradation, permeability, and shear strength. The 
1978 geotechnical investigation (SHB, 1978a) included drilling borings through the 
impoundment and through the tailings within the impoundment. Tailings samples were tested for 
Atterberg Limits, gradations, shear strength, and relative density. In 1979, UNC conducted a 
stability and integrity assessment of the dam (SHB, 1979). This assessment included a series of 
seven borings on the interior dikes (Northern Cross Dike and Southern Cross Dike) which 
separate the three cells. These borings were drilled through the existing tailings and provide 
thickness information and standard penetration test (SPT) data on the tailings. This investigation 
also includes data collected in the south cell. 
 
A series of borings (658, 659, 660, and 662) were drilled through the tailings impoundment in 
1985. Borings 658, 659, and 660 were located, west to east, across the Central Cell with 660 
located within Borrow Pit No. 1. Boring 662 was drilled in the South Cell. These boring logs are 
included as attachments to a UNC memo (UNC, 1986) and provide tailings thickness 
information, as well as depths and thickness of fine-grained material within the profile. Testing 
on the samples collected from these boreholes include specific gravity, water content, dry 
density, and consolidation. This data was partially summarized in the impoundment 
Reclamation Plan (Canonie, 1991). 
 
In 1992, a series of shallow borings were drilled in the tailings of the Central Cell, to aid in 
evaluation of the radon modeling (UNC, 1993). Geotechnical samples collected from shallow 
depths (less than 8 feet deep) were tested for specific gravity, water content, dry density, and 
gradation. No boring logs for this program were available for review. Interim stabilization of the 
Central Cell was completed in 1991, and tailings samples were collected in November 1992. 
Ground surface elevations are not provided; however, the borings appear to have been drilled 
from the interim cover surface. This tailings data was included in Appendix B of the Central Cell 
Final Reclamation As-Built Report (Canonie, 1995). 
 
Based on the data for the North and Central Cells, the average specific gravity of the tailings 
samples is 2.71 and in general the samples are non-plastic. Fine-grained tailings samples have 
about twice the percentages (average by weight) passing the No. 100 (46 percent) and No. 200 
(31 percent) sieves, and 6 percent finer than 0.001 mm, as compared with the coarse-grained 
samples. With the exception of one sample, both the coarse and fine fractions of the tailings 
samples were finer than the No. 10 sieve.  
 
The water contents of the samples tested range from 4 to 60 percent with dry densities ranging 
from 73 to 118 pounds per cubic foot (pcf). Average water content of the coarser samples tested 
is 15 percent with an average dry density of 101 pcf. The average water content of the finer 
samples tested is 21 percent with an average dry density of 96 pcf. The reported coefficient of 
consolidation (Cc) results range from 0.018 to 1.00 for the tailings samples and the friction 
angles (from direct shear testing) range from 30° to 39°, with some results showing cohesion.  
 
Embankment (North and Central Cells) 
A series of borings (78a-15, 17, 18, 19, 20, 21) were drilled through the tailings embankment 
(SHB, 1978a), presumably to provide information on the materials and construction of the 
embankment. Borings 15, 17 and 18 were drilled adjacent to the Central Cell. Borings 19, 20, 
and 21 were drilled through the embankment on the north side of the North Cell. Data from 



Mr. Lance Hauer, GE 
Summary of Relevant Geotechnical Data 
Page 3  

these borings include SPT, torvane shear strength, Atterberg limits, gradations, water contents, 
dry density, triaxial and direct shear, and laboratory permeability. 
 
The 33 samples from the embankment adjacent to the North and Central Cells are generally 
classified as low plasticity clay (CL). Atterberg limits for the embankment soils indicate the liquid 
limits range from 23 to 42 percent and the plasticity indices range from 8 to 22 percent. The 
average of the plastic Atterberg limits results is a liquid limit of 31 percent and a plasticity index 
of 13 percent. The percentage passing the No. 200 sieve (fines) ranges from 50 to 77 percent 
(by weight) and the percentage passing the No. 4 sieve (sand) ranges from 98 to 100 percent. 
The average of the embankment soils tested indicate 66 percent fines by weight and 100 
percent sand size particles, or smaller, by weight. The water content for the embankment 
samples ranges from 5 to 24 percent with dry densities ranging from 107 to 126 pcf. The 
average water content is 13 percent and the average dry density is 114 pcf. Direct shear test 
results on the embankment materials include phi angles of 7°, 49°, and 38° with cohesions of 
1.45 kips per square foot (ksf), 1.69 ksf and 0.31 ksf, respectively.  
 
Alluvium 
Many of the site drilling programs previously performed in the area of the North and Central 
Cells include information from both drilling and laboratory testing on the alluvium underlying the 
tailings, the embankment and the existing cover at the site. Extensive data was collected on the 
alluvium including field and laboratory permeabilities, Atterberg Limits, gradations, water 
contents, consolidation tests, Proctor compaction tests, and shear strength. The SHB 
investigations (SHB, 1974, 1976, 1978a, 1978b, 1979) include laboratory tests on more than 
200 alluvium samples taken from the vicinity of the North and Central Cells. While portions of 
the alluvium were excavated for construction at the site, several of the borings appear to extend 
below the current depths of tailings in the area of interest and provide geotechnical data on 
materials still in-place below the impoundment. Borings with geotechnical data below the 
estimated tailings depths include SHB-74-04, SHB-76-08, 11, SHB-78a-76, 77, and SHB-78b-
07.  
 
The alluvium samples from the North and Central Cells are generally classified as low plasticity 
clay (CL), but also include plastic and non-plastic silts, as well as silty and clayey sands. 
Atterberg limits for the plastic alluvial soils indicate the liquid limits of the alluvium range from 20 
to 67 percent. The plasticity indices range from 4 to 45 percent. The average of the plastic 
Atterberg limits results is a liquid limit of 36 percent and a plasticity index of 18 percent, which 
corresponds to a low plasticity clay. The percentage passing the No. 200 sieve (fines) ranges 
from 0 to 94 percent (by weight) and the percentage passing the No. 4 sieve (sand) ranges from 
1 to 100 percent. The average of the alluvium results indicate 41 percent fines by weight and 80 
percent sand size particles, or smaller, by weight. The water content for the alluvium samples 
ranges from 2 to 31 percent with dry densities ranging from 94 to 106 pcf.  
 
Zone 3 Sandstone  
More than 50 geotechnical borings were identified that extend into the Zone 3 Sandstone in the 
vicinity of the proposed repository (SHB, 1974, 1976, 1978a, 1978b, 1979 and CSI, 1980). The 
bulk of the sandstone data include SPT data, water contents, and the contact elevations. 
Geotechnical laboratory data includes gradations, water content and Atterberg limits. Field 
permeability tests were also performed in the sandstone. Laboratory data on samples from the 
Zone 3 Sandstone is limited; however, water content results range from 5 to 19 percent, and 
two Atterberg limits tests indicate the sandstone is non-plastic. Two gradation results indicate 27 
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percent and 25 percent (by weight) passing the no. 200 sieve and 68 percent and 54 percent 
passing the No. 4 sieve. 
 
Proposed Borrow Areas 
MWH identified nineteen borings previously drilled in/or near the proposed East and West 
Borrow Areas. These include ten borings (SHB78b-18,19,20,28,30,31,32,33,34 and DH-1,3) in 
the East Borrow (SHB, 1978b and CSI, 1980) and eight borings (SHB78a-52,53,54,55,56 and 
DH-6,7,8) in or near the West Borrow (SHB, 1978a and CSI, 1980). After reviewing surface 
elevations to account for previous borrow operations in these areas, the existing data on the 
remaining subsurface profile includes depth to rock, SPT, gradations, Atterberg limits, and water 
contents. Depth of alluvium above the sandstone or siltstone appears to vary between about 0 
and 25 feet in the proposed West Borrow and between about 0 and 14 feet in the proposed East 
Borrow Area. The alluvium in the borrow areas is generally classified as silty clay, sandy clay, 
silty sand, clayey sand, or clayey silt.  
 
Laboratory data on samples from the lower alluvium includes, water content results ranging 
from 4 to 9 percent, dry densities ranging from 82 to 103 pcf, and two Atterberg limits tests 
indicate CL or CL-ML classification (liquid limits of 29 and 25 percent, plasticity indices of 14 
and 6 percent). Gradation results indicate between 37 percent and 61 percent (by weight) 
passing the no. 200 sieve. Strength and consolidation testing was conducted on alluvium 
samples from DH-1 and DH-3 (CSI, 1980), located in the proposed East Borrow. Visual 
classification of the alluvium and SPT data are included on the referenced boring logs.  
 
Conclusions 
Based on the available data, and the geologic mapping of impoundment Area (Appendix B), the 
sampling plan has been developed to collect additional stratigraphy data on the thickness of the 
tailings in areas, where data is limited, specifically Borrow Pit No. 1 and the center of the Central 
Cell. The laboratory data previously collected provides index properties for the tailings, the 
embankment, and the underlying alluvium. The objectives of the proposed investigation will be 
to confirm these index properties and collect additional data on the consolidation and strength 
properties of the tailings, the strength properties of the alluvium and the embankment, and 
hydraulic properties (conductivity and soil water characteristic curves (SWCC)) on the tailings, 
the alluvium, and the Zone 3 sandstone.  
 
 
 
 
 
 
 
 
 
 
 
Attachments: 
Figure 1 – Location of Historic Borings, Wells, and Geologic Cross Sections 
Figure 2 – Location of Existing Wells, and Hydraulic Field Test Data  
Table 1 – Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical 

Data for the North and Central Cells 
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data

Surf. Dry 

Report Elev.  Sample SPT Torvane Perm LL PI (%) p.001 (%) (%) p. (%) p. (%) p. w.c. Density Std. rel. density (pcf) Dir. Shear Perm 

Reference Boring no. (ft) Depth (ft) Formation Material Type USCS (bpf) (tsf) (ft/year) SG (%) (%) mm p.200 100 No.10 No.4 (%) (pcf) Consol Proctor min-max Triax. (phi, c (ksf) (ft/year)(1) Location

Hemphill 1969 6 6950 7.5-9 alluvium Silt SC 37 15 47 13 Central

6 6950 40.5-41 sandstone - - UC = 296 ksf Central

SHB 1974 SHB74-03 6954 5 alluvium Sandy Clay CH 18 62 45 70 87 99 100 6 Central

SHB74-03 6954 10 alluvium Sandy Clay CL 46 44 27 77 93 99 100 10 Central

SHB74-03 6954 15 alluvium Sandy Silt CL-ML 20 21 4 70 93 8 Central

SHB74-03 6954 20 alluvium Sandy Silt CL-ML 16 4 Central

SHB74-03 6954 25 alluvium Sandy Silt CL-ML 23 3 Central

SHB74-04 6949 5 alluvium Sandy Silt ML 8 - NP 55 82 99 99 5 Central

SHB74-04 6949 10 alluvium Clay CL 56 4 46 29 98 99 12 104 X Central

SHB74-04 6949 15 alluvium Clay CL 45 23 4 53 82 97 100 14 104 X 42.5 Central

SHB74-04 6949 20 alluvium Clayey Sand SC 11 29 11 39 79 99 100 5 Central

SHB74-04 6949 25 alluvium Clayey Sand SC 15 5 Central

SHB74-04 6949 30 alluvium Clayey Sand SC 15 4 Central

SHB74-05 6946 5 alluvium Silty Sand SM 15 - - - 6 91 X 30.5 Central

SHB74-05 6946 10 alluvium Silty Sand SM 24 - - - 10 105 X Central

SHB74-05 6946 15 alluvium Sandy Silt ML 34 23 4 53 8 Central

SHB74-05 6946 20 sandstone - - 40 5 Central

SHB74-05 6946 25 sandstone - - 24 10 Central

SHB74-05 6946 30 sandstone - - 28 13 Central

SHB74-06 6946 14 sandstone - - - Central

SHB74-39 6946 8.25 sandstone End of Boring SC 50/1 North 

- - tailings Cycloned Sands - 4 9 38.5 2375 -

SHB 1976 SHB76-05 0 alluvium Sandy Silt ML 2 8 Central

SHB76-05 5 alluvium Sandy Silt ML 3 20 Central

SHB76-05 10 alluvium Sandy Clay CL 9 36 15 98 99 29 Central

SHB76-05 9-18.5 alluvium Clay CH 13 0.0 22 Central

SHB76-05 19-25 alluvium Silty Sand SM 9 1.7 - NP 44 87 13 Central

SHB76-05 25 alluvium Silty Sand SM 9 16 Central

SHB76-05 30 alluvium Silty Sand SM 12 8 Central

SHB76-06 0 alluvium Silty Sand SM 6 8 Central

SHB76-06 5 alluvium Sandy Clay CL 12 32 13 81 96 100 9 Central

SHB76-06 10 alluvium Sandy Clay CL 45 8 Central

SHB76-06 9-16.5 alluvium Sandy Silt ML 33 5.5 39 9 87 98 11 Central

SHB76-06 20 alluvium Sandy SIlt CL-ML 11 6 Central

SHB76-06 25 alluvium Sandy SIlt CL-ML 6 8 Central

SHB76-06 19-24.5 alluvium Sandy SIlt CL-ML 7 5.1 6 Central

SHB76-06 35 alluvium Sandy SIlt CL-ML 10 8 Central

SHB76-06 40 alluvium Sandy SIlt CL-ML 8 14 Central

SHB76-06 45 alluvium Sandy Silt CL-ML 11 25 Central

SHB76-06 50 alluvium Sandy Silt CL-ML 10 22 Central

SHB76-06 55 alluvium Sandy Silt CL-ML 16 21 Central

SHB76-06 60 alluvium Sandy Silt CL-ML 8 26 Central

SHB76-06 70 alluvium Sandy Silt CL-ML 9 25 Central

SHB76-07 0 alluvium Sandy Silt ML 2 18 North

SHB76-07 5 alluvium Sandy Clay CL 4 31 12 79 95 100 25 North

SHB76-07 10-20 alluvium Sandy Silt CL-ML 5 1.1 21 4 52 77 14 124.2@11 0.179 North

SHB76-07 15 alluvium Sandy Silt ML 7 - NP 57 88 100 15 North

SHB76-07 18.5-27.5 alluvium Sandy Silt ML 3 1.0 26 North

SHB76-07 25 alluvium Sandy Silt ML 6 20 North

SHB76-07 30 sandstone - - 50/1 North

SHB76-07 35 sandstone - - 50 North

SHB76-08 0 alluvium Silty Sand SM 3 9 North
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data

Surf. Dry 

Report Elev.  Sample SPT Torvane Perm LL PI (%) p.001 (%) (%) p. (%) p. (%) p. w.c. Density Std. rel. density (pcf) Dir. Shear Perm 

Reference Boring no. (ft) Depth (ft) Formation Material Type USCS (bpf) (tsf) (ft/year) SG (%) (%) mm p.200 100 No.10 No.4 (%) (pcf) Consol Proctor min-max Triax. (phi, c (ksf) (ft/year)(1) Location

SHB76-08 5 alluvium Silty Sand SM 2 22 North

SHB76-08 10 alluvium Silty Sand SM 2 23 North

SHB76-08 15 alluvium Clay CL 11 26 North

SHB76-08 20 alluvium Clay CL 13 46 25 97 99 22 North

SHB76-08 25 sandstone - - 23 17 North

SHB76-08 30 shale - - 50/5 17 North

SHB76-08 35 sandstone - - 50/0 North

SHB76-09 0 alluvium Silty Sand SM 2 12 North

SHB76-09 5 alluvium Silty Clay CL 7 29 North

SHB76-09 10 alluvium Sandy Silt ML 5 22 North

SHB76-09 15-25 alluvium Clay CL 13 38 21 78 94 100 25 North

SHB76-09 20 alluvium Clay CL 21 46 25 94 98 100 21 North

SHB76-09 25 alluvium Clay CL 22 22 North

SHB76-09 30 alluvium Sandy Clay CL 10 31 North

SHB76-09 35 alluvium Clay CH 14 26 North

SHB76-09 40 alluvium Sandy Silt ML 1 North

SHB76-09 45 alluvium Clay CH 11 30 North

SHB76-09 50 alluvium Clay CH 5 31 North

SHB76-09 55 alluvium Silty Sand SM 36 23 North

SHB76-09 60 alluvium Silty Sand SM 13 24 North

SHB76-09 65 alluvium Silty Sand SM 10 21 North

SHB76-09 70 alluvium Sandy Clay SC 13 20 North

SHB76-09 75 alluvium Sandy Clay SC 45 18 North

SHB76-10 1.5-7.5 sandstone 3 - - 50/3 15.3 9 North

SHB76-10 5 sandstone 3 - - 50/5 8 North

SHB76-11 6957 0 alluvium Sandy Silt ML 6 9 Central

SHB76-11 6957 5 alluvium Sandy Silt ML 10 6 Central

SHB76-11 6957 10 alluvium Sandy Clay CL 26 27 10 67 90 100 10 Central

SHB76-11 6957 9-18 alluvium Sandy Clay CL 25 1.1 26 10 78 94 100 16 Central

SHB76-11 6957 18.5-27.5 alluvium Sandy Silt ML 12 1.0 5 Central

SHB76-11 6957 25 alluvium Sandy Clay CL 14 22 Central

SHB76-11 6957 30 alluvium Sandy Silt ML 11 10 Central

SHB76-11 6957 35 alluvium Sandy Silt ML 9 NP 55 94 100 10 Central

SHB76-11 6957 40 alluvium Sandy Silt ML 9 11 Central

SHB76-11 6957 45 alluvium Sandy Silt CL-ML 12 18 Central

SHB76-11 6957 50 alluvium Sandy Silt CL-ML 15 9 Central

SHB76-11 6957 55 alluvium Sandy Silt CL-ML 21 10 Central

SHB76-11 6957 60 alluvium Sandy Silt CL-ML 10 24 Central

SHB76-11 6957 65 alluvium Sandy Silt CL-ML 7 21 Central

SHB76-11 6957 70 alluvium Sandy Silt CL-ML 2 22 Central

SHB76-11 6957 75 sandstone - - 38 13 Central

SHB76-12 0 alluvium Silty Sand SM 16 12 Central

SHB76-12 5 alluvium Sandy Clay 21 6 Central

SHB76-12 9-16 alluvium Sandy Clay 27 12.0 10 Central

SHB76-12 15 alluvium Sandy Clay 6 6 Central

SHB76-12 18.5-25 alluvium Sandy Clay 16 14.5 - NP 61 91 100 8 Central

SHB76-12 25 alluvium Sandy Clay 13 6 Central

SHB76-12 30 alluvium Sandy SIlt ML 21 5 Central

SHB76-12 35 alluvium Sandy Clay CL 54 12 Central

SHB76-12 40 alluvium Sandy SIlt CL-ML 34 8 Central

SHB76-12 45 alluvium Sandy Silt CL-ML 23 4 Central

SHB76-12 50 alluvium Sandy Silt CL-ML 18 5 Central
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data

Surf. Dry 

Report Elev.  Sample SPT Torvane Perm LL PI (%) p.001 (%) (%) p. (%) p. (%) p. w.c. Density Std. rel. density (pcf) Dir. Shear Perm 

Reference Boring no. (ft) Depth (ft) Formation Material Type USCS (bpf) (tsf) (ft/year) SG (%) (%) mm p.200 100 No.10 No.4 (%) (pcf) Consol Proctor min-max Triax. (phi, c (ksf) (ft/year)(1) Location

SHB76-12 55 alluvium Sandy Silt CL-ML 40 7 Central

SHB76-12 60 sandstone - - 50/1 9 Central

SHB76-13 0 alluvium Sandy Clay CL 13 9 Central

SHB76-13 9-17.5 alluvium Sandy Clay CL 31 8.0 35 17 82 97 8 Central

SHB76-13 10 alluvium Sandy Silt ML 40 4 Central

SHB76-13 15 alluvium Sandy Clay CL 59 9 Central

SHB76-13 18.5-25 alluvium Sandy Silt CL-ML 24 1.3 10 Central

SHB76-13 25 alluvium Sandy Silt CL-ML 22 4 Central

SHB76-13 30 alluvium Sandy Silt CL-ML 22 8 Central

SHB76-13 35 alluvium Sandy Silt CL-ML 28 6 Central

SHB76-13 40 alluvium Sandy Silt CL-ML 26 8 Central

SHB76-13 45 alluvium Sandy Silt CL-ML 29 8 Central

SHB76-13 50 alluvium Sandy Silt CL-ML 24 5 Central

SHB76-13 55 alluvium Sandy Silt CL-ML 30 7 Central

SHB76-13 60 sandstone - - 50/4 16 Central

SHB 1978a SHB-78a-15 6964 0-2 dam Sandy Clay - 9 11 Central

SHB-78a-15 6964 4.5-6 dam Sandy Clay - 21 16 Central

SHB-78a-15 6964 9.5-10.5 dam Sandy Clay CL 35 0.89 32 10 75 93 100 14 114 1 pt (15 deg.), c=1600 psf Central

SHB-78a-15 6964 14.5-16 dam Sandy Clay CL 58 0.99 13 Central

SHB-78a-15 6964 18.5-21 dam Sandy Clay CL 75 13 Central

SHB-78a-15 6964 24.5-25 dam Sandy Clay CL 44 0.95 42 22 75 90 99 100 16 116 Central

SHB-78a-15 6964 28.5-31 dam Sandy Clay CL 25 0.60 16 Central

SHB-78a-15 6964 34.5-36 dam Sandy Clay CL 12 21 Central

SHB-78a-15 6964 39.5-40.5 dam Sandy Clay CL 22 0.99 18 110 7, 1.45 Central

SHB-78a-15 6964 44.5-45.5 dam Sandy Clay CL 26 0.67 23 Central

SHB-78a-17 6962 0-1 dam Sandy Clay CL 14 0.42 10 110 North

SHB-78a-17 6962 4.5-6 dam Sandy Clay CL 27 15 North

SHB-78a-17 6962 9.5-11 dam Sandy Clay CL 38 0.79 12 North

SHB-78a-17 6962 14.5-16 dam Sandy Clay CL 41 11 North

SHB-78a-17 6962 19.5-20.5 dam Sandy Clay CL 85 0.92 30 12 63 88 99 100 11 124 1 pt North

SHB-78a-17 6962 24.5-26 dam Sandy Clay CL 20 0.6 12 North

SHB-78a-17 6962 29.5-31 dam Sandy Clay CL 12 24 North

SHB-78a-17 6962 34.5-36 dam Sandy Clay CL 18 0.52 20 107 North

SHB-78a-17 6962 39.5-41 alluvium Silty Sand SM 19 0.2 19 North

SHB-78a-17 6962 44.5-46 alluvium Clay CL 15 24 North

SHB-78a-18 6959 0-1.5 dam Clay CL-SC 10 12 North

SHB-78a-18 6959 4.5-6 dam Clay CL-SC 52 12 North

SHB-78a-18 6959 9.5-11 dam Clay CL-SC 30 12 115 North

SHB-78a-18 6959 14.5-16 alluvium Sandy Clay CL 4 30 North

SHB-78a-18 6959 19.5-20.5 alluvium Silty Sand SM 3 27 North

SHB-78a-19 6965 0-2 dam Sandy Clay CL 12 North

SHB-78a-19 6965 2-3.5 dam Sandy Clay CL 125 0.99 29 13 61 86 100 10 126 49, 1.69 North

SHB-78a-19 6965 3.5-4.5 dam Sandy Clay CL 50 0.83 10 North

SHB-78a-19 6965 4.5-7 dam Sandy Clay CL 43 12 North

SHB-78a-19 6965 7-9.5 dam Sandy Clay CL 10 North

SHB-78a-19 6965 9.5-11 dam Sandy Clay CL 82 0.69 23 8 50 72 97 98 10 114 38, 0.31 North

SHB-78a-19 6965 11-13.5 dam Sandy Clay CL 30 8 North

SHB-78a-19 6965 13.5-16 alluvium Silty Sand CL - 18 North

SHB-78a-19 6965 17.5-21 alluvium Silty Sand SM 3 21 North

SHB-78a-19 6965 20-21.5 alluvium Silty Sand SM 10 27 94 X North

SHB-78a-19 6965 24-25.5 alluvium Silty Sand CL 32 28 North

SHB-78a-19 6965 25.5-28 alluvium Clay CL 22 26 North
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data

Surf. Dry 

Report Elev.  Sample SPT Torvane Perm LL PI (%) p.001 (%) (%) p. (%) p. (%) p. w.c. Density Std. rel. density (pcf) Dir. Shear Perm 

Reference Boring no. (ft) Depth (ft) Formation Material Type USCS (bpf) (tsf) (ft/year) SG (%) (%) mm p.200 100 No.10 No.4 (%) (pcf) Consol Proctor min-max Triax. (phi, c (ksf) (ft/year)(1) Location

SHB-78a-19 6965 28-29.5 alluvium Clay CL 28 North

SHB-78a-19 6965 29.5-32 alluvium Clay CL 20 26 North

SHB-78a-19 6965 32-33.5 alluvium Silty Sand SM 13 0.16 NP 46 88 100 20 111 North

SHB-78a-19 6965 33.5-36 alluvium Silty Sand SM 16 25 North

SHB-78a-19 6965 36-37.5 alluvium Silty Sand CL 51 41 22 74 94 100 23 100 North

SHB-78a-19 6965 37.5-40 alluvium Clay CH 43 24 North

SHB-78a-19 6965 40-41.5 alluvium Clay CH 34 0.83 61 38 73 80 100 25 99 1 pt North

SHB-78a-19 6965 41.5-44 alluvium Clay CH 22 28 North

SHB-78a-19 6965 44-45 alluvium Clay CH 22 0.13 67 41 78 87 100 27 96 North

SHB-78a-20 6964 0-1.5 dam Clay CL 7 15 North

SHB-78a-20 6964 4.5-6 dam Clay CL 49 0.79 11 North

SHB-78a-20 6964 9.5-10.5 dam Clay CL 40 0.67 28 13 63 86 99 100 10 111 North

SHB-78a-20 6964 14.5-16 alluvium Silty Sand SM 19 10 North

SHB-78a-20 6964 19.5-20.5 alluvium Silty Sand SM 5 NP 16 35 23 96 5.5 North

SHB-78a-20 6964 24.5-25.5 alluvium Silty Sand CH 15 0.33 29 93 North

SHB-78a-20 6964 29.5-31 alluvium Clay CH 12 North

SHB-78a-20 6964 34.5-35.5 alluvium Clay CH 12 0.84 26 North

SHB-78a-20 6964 39.5-40.5 alluvium Clay CH 13 0.93 57 31 93 96 97 98 26 97 1 pt North

SHB-78a-20 6964 44.5-46 alluvium Clay CH 17 27 North

SHB-78a-21 6964 0-1.5 dam Sandy Clay CL 16 14 North

SHB-78a-21 6964 4.5-6 dam Sandy Clay CL 55 34 16 77 90 13 North

SHB-78a-21 6964 9.5-10.5 dam Sandy Clay CL 51 0.55 5 107 North

SHB-78a-21 6964 14.5-15.5 alluvium Sandy Clay CL 13 0.67 12 North

SHB-78a-21 6964 19.5-21 alluvium Sandy Clay CL 4 39 21 72 88 29 North

SHB-78a-21 6964 24.5-25.5 alluvium Sandy Clay CL 18 0.96 22 105 25.5, 0.05 North

SHB-78a-21 6964 29.5-30.5 alluvium Clay CH 19 0.73 24 North

SHB-78a-21 6964 34.5-36 alluvium Clay CH 17 23 North

SHB-78a-21 6964 39.5-40.5 alluvium Clay CH 27 0.72 50 32 84 94 22 102 1 pt North

SHB-78a-21 6964 44.5-45.5 alluvium Clay CH 19 0.87 19 North

SHB-78a-22 6956 0-1.0 alluvium Silty Sand SM 4 6 93 North

SHB-78a-22 6956 1.0-3.0 alluvium Silty Sand SM 9 9 North

SHB-78a-22 6956 3.0-5.0 alluvium Silty Sand SM 11 11 100 North

SHB-78a-22 6956 5.0-7.0 alluvium Sandy Clay CL 3 12 North

SHB-78a-22 6956 7.0-9.0 alluvium Sandy Clay CL 10 26 10 55 78 100 21 103 1 pt North

SHB-78a-22 6956 9.0-11.0 alluvium Sandy Clay CL 3 27 10 56 69 31 North

SHB-78a-22 6956 11-13.0 alluvium Sandy Clay CL 10 34 105 North

SHB-78a-22 6956 13-15.0 alluvium Sandy Clay CL 3 North

SHB-78a-24 6955 0-1.5 tailings Silty Sand SM 9 84 Central

SHB-78a-24 6955 1.5-3.5 tailings Silty Sand SM 4 Central

SHB-78a-24 6955 3.5-5.5 tailings Silty Sand SM 2/30 23 Central

SHB-78a-24 6955 5.5-8 tailings Silty Sand SM NP 13 25 100 19 Central

SHB-78a-24 6955 8-10.0 tailings Silty Sand SM 3/18 36 Central

SHB-78a-24 6955 10.0-12 alluvium Silty Sand SM 7 27 Central

SHB-78a-24 6955 12-14.5 alluvium Sandy Clay CL 24 Central

SHB-78a-24 6955 14.5-16.5 alluvium Sandy Clay CL 14 0.43 42 23 83 93 24 99 1 pt Central

SHB-78a-24 6955 16.5-18.5 alluvium Sandy Clay CL 2 29 Central

SHB-78a-24 6955 18.5-21 alluvium Sandy Clay CL 22 81 Central

SHB-78a-24 6955 21-23.0 alluvium Clay CL 39 0.69 42 21 87 97 98 100 21 106 1 pt Central

SHB-78a-24 6955 23.0-25 alluvium Clay CL 15 19 Central

SHB-78a-24 6955 25-27.5 alluvium Clay CL 23 83 Central

SHB-78a-24 6955 27.5-30 alluvium Silty Sand SM 9 24 Central

SHB-78a-25 6958 6-8.5 tailings Silty Sand SM 20 0.06 NP 14 25 98 100 9 Central
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SHB-78a-25 6958 17-18.0 tailings Silty Sand SM 7 NP 14 25 99 100 20 Central

SHB-78a-25 6958 19.5-22 alluvium Sandy Clay-Clayey Sand CL-SC 2 27 Central

SHB-78a-25 6958 22.0-24 alluvium Sandy Clay-Clayey Sand CL-SC 5 35 17 59 81 27 Central

SHB-78a-25 6958 24.0-26 alluvium Sandy Clay-Clayey Sand CL-SC 8 0.1 29 93 Central

SHB-78a-25 6958 26-28.5 alluvium Sandy Clay-Clayey Sand CL-SC 0.32 21 64 Central

SHB-78a-25 6958 28.5-30.5 alluvium Sandy Clay-Clayey Sand CL-SC 4 28 12 42 79 21 Central

SHB-78a-25 6958 30.5-32.5 alluvium Sandy Clay-Clayey Sand CL-SC 16 21 Central

SHB-78a-25 6958 32.5-33.5 alluvium Sandy Clay-Clayey Sand CL-SC 0.8 19 108 30, 0 Central

SHB-78a-26 6962 6.5-9 tailings Silty Sand SM 8 NP 22 43 10 96 30, 0 Central

SHB-78a-26 6962 8.0-10.5 tailings Silty Sand SM 19 Central

SHB-78a-26 6962 10.5-12.5 tailings Silty Sand SM 2 21 33, 0 Central

SHB-78a-26 6962 12.5-14.5 tailings Silty Sand SM 9 12 99 Central

SHB-78a-26 6962 15.5-18 tailings Silty Sand SM 3 NP 14 23 100 17 Central

SHB-78a-26 6962 19.5-22 tailings Silty Sand SM 2/18" NP 20 33 18 Central

SHB-78a-26 6962 21-23 tailings Silty Sand SM 24 Central

SHB-78a-26 6962 23-25.5 alluvium Sandy Clay CL 10 27 Central

SHB-78a-26 6962 25.5-27.5 alluvium Sandy Clay CL 10 27 Central

SHB-78a-26 6962 27.5-30 alluvium Sandy Clay CL 23 83 Central

SHB-78a-26 6962 31-32.5 alluvium Sandy Clay CL 7 39 22 78 91 100 26 Central

SHB-78a-26 6962 32-34 alluvium Sandy Clay CL 7 0.55 22 Central

SHB-78a-26 6962 34-36.5 alluvium Sandy Clay CL 0.92 20 110 Central

SHB-78a-26 6962 36.5-37.5 alluvium Sandy Clay CL 14 22 Central

SHB-78a-27 6957 3.5-5 alluvium Silty Clay CL 10 20 Central

SHB-78a-27 6957 5-10.5 alluvium Silty Clay CL 13 17 95 Central

SHB-78a-27 6957 9.5-11 alluvium Silty Clay CL 3 37 15 86 95 29 Central

SHB-78a-27 6957 14.5-15.5 alluvium Silty Clay CL 16 42 21 66 78 92 94 24 94 Central

SHB-78a-27 6957 19.5-21 alluvium Silty Clay CL 2 31 11 89 98 31 Central

SHB-78a-27 6957 25-30.5 alluvium Silty Clay CL 7 27 94 Central

SHB-78a-27 6957 30.5-35 alluvium Silty Clay CL 8 25 Central

SHB-78a-27 6957 35-40.5 alluvium Silty Clay CL 20 22 100 Central

SHB-78a-27 6957 40.5-45 alluvium Silty Clay CL 7 22 Central

SHB-78a-27 6957 44.5-45.5 alluvium Silty Clay CL 9 40 20 80 93 21 Central

SHB-78a-27 6957 50.5-51 alluvium Silty Sand SM 3 24 Central

SHB-78a-28 6955 4.5-6 alluvium Silty Clay CL 15 41 21 92 98 21 101 Central

SHB-78a-28 6955 5.5-10 alluvium Silty Clay CL 19 17 Central

SHB-78a-28 6955 10-15.5 alluvium Silty Clay CL 7 18 102 Central

SHB-78a-28 6955 15.5-20 alluvium Silty Sand SM 15 15 Central

SHB-78a-28 6955 20-25.5 alluvium Silty Sand SM 4 31 85 Central

SHB-78a-28 6955 25.5-30 alluvium Silty Clay CL 3 30 Central

SHB-78a-28 6955 30-35.5 alluvium Silty Clay CL 10 26 97 Central

SHB-78a-28 6955 34.5-36 alluvium Silty Clay CL 3 36 16 90 98 23 Central

SHB-78a-28 6955 40.5-45.5 alluvium Silty Clay CL 8 24 95 Central

SHB-78a-28 6955 45.5-49.5 alluvium Silty Sand SM 19 25 Central

SHB-78a-28 6955 49.5-49.6 sandstone - - 50/1" Central

bulk tailings SM-SP NP 5 11 18 98 90.5 / 107.8 34.5, 0.13 Central

bulk tailings 18 100 37, 0.22 Central

bulk tailings 18 102 39, 0.15 Central

SHB-78a-52 6988 5.0-10 alluvium Clayey Sand SC 27 11 43 73 95 98 7 W. Borrow

SHB-78a-52 6988 20 alluvium Silty Clay CL W. Borrow

SHB-78a-52 6988 25 alluvium Silty Clay CL W. Borrow

SHB-78a-52 6988 30 alluvium Silty Sand SM W. Borrow

SHB-78a-52 6988 35 alluvium Silty Clay CL W. Borrow
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SHB-78a-52 6988 39.5 total depth Silty Clay CL - W. Borrow

SHB-78a-53 6985 0 alluvium Silty Clay CL 5 8

SHB-78a-53 6985 5 alluvium Silty Sand SM 3 6 W. Borrow

SHB-78a-53 6985 10 alluvium Silty Sand SM 7 7 W. Borrow

SHB-78a-53 6985 15 alluvium Silty Sand & Gravel SM 14 6 W. Borrow

SHB-78a-53 6985 20 alluvium Silty Sand & Gravel SM 14 4 W. Borrow

SHB-78a-53 6985 25 alluvium Silty Sand SM 19 6 W. Borrow

SHB-78a-53 6985 30 alluvium Silty Sand SM 22 9 W. Borrow

SHB-78a-53 6985 35 alluvium Silty Sand SM 20 7 W. Borrow

SHB-78a-53 6985 40 alluvium Silty Sand & Gravel SM 24 6 W. Borrow

SHB-78a-53 6985 41 total depth Silty Sand & Gravel SM - W. Borrow

SHB-78a-54 6985 4.5-8.5 sandstone - - - W. Borrow

SHB-78a-55 6995 0 alluvium Silty Sand SM 5 W. Borrow

SHB-78a-55 6995 5 alluvium Silty Sand SM 9 W. Borrow

SHB-78a-55 6995 10 alluvium Silty Sand SM 17 W. Borrow

SHB-78a-55 6995 15 alluvium Silty Sand SM 25 W. Borrow

SHB-78a-55 6995 20 alluvium Clayey Sand SC 30 W. Borrow

SHB-78a-55 6995 24.5-26 alluvium Clayey Sand SC 41 29 14 49 72 95 98 8 W. Borrow

SHB-78a-55 6995 30 alluvium Silty Sand SM 39 W. Borrow

SHB-78a-55 6995 35 alluvium Silty Sand SM 42 W. Borrow

SHB-78a-55 6995 40 alluvium Silty Clay CL 38 W. Borrow

SHB-78a-55 6995 45 alluvium Silty Clay CL 47 W. Borrow

SHB-78a-55 6995 50-51 alluvium Silty Sand SM 30 W. Borrow

SHB-78a-56 6993 0-4.5 sandstone - - W. Borrow

SHB-78a-64 6973 .5-2 alluvium Silty Sand & Gravel SC-SM 81 23 7 46 64 87 94 7 North

SHB-78a-64 6973 2-4.5 sandstone - SM NP 27 54 64 68 7 North

SHB-78a-64 6973 4.5-6 sandstone - GM 50/.5" 20 NP 25 28 46 54 5 North

SHB-78a-68 6989 1-5.5 alluvium Silty Sand SM 20 5 Central

SHB-78a-68 6989 4.5-6 alluvium Silty Sand SM 18 20 NP 31 48 67 74 4 Central

SHB-78a-68 6989 9.5-11 alluvium Silty Sand SM 17 21 NP 40 60 70 80 6 Central

SHB-78a-68 6989 14.5-16 alluvium Clayey Silt CL 88 32 12 93 95 100 9 Central

SHB-78a-68 6989 19.5-22 Sandstone - - 50/3" 8 Central

SHB-78a-68 6989 22.5-24.5 Sandstone - - 50/3" 9 Central

SHB-78a-74 6963 0-10 alluvium Silty Clay CL 31 31 72 86 100 9 Central

SHB-78a-76 6965 0-5 alluvium Silty Clay CL 33 16 71 77 100 7 Central

SHB-78a-76 6965 5-10 alluvium Silty Clay CL 42 21 79 92 10 Central

SHB-78a-76 6965 16-19.5 alluvium Sandy Silt ML 23 NP 52 84 100 6 Central

SHB-78a-78 6980 6-10 alluvium Silty Sand SM 23 NP 48 81 98 100 7 Central

SHB-78a-78 6980 17-20 alluvium Clayey Sand SC 26 9 49 67 83 87 10 Central

SHB-78a-78 6980 22-25 alluvium Clayey Silt CL 33 15 75 90 99 100 15 Central

SHB78a-81 6975 0.5-2 alluvium Silty Clay CL 15 7 Central

SHB78a-81 6975 4.5-6 alluvium Silty Clay CL 30 9 Central

SHB78a-81 6975 9.5-11 alluvium Silty Sand SM 21 4 Central

SHB78a-81 6975 14.5-16 alluvium Silty Sand SM 9 7 Central

SHB78a-81 6975 19.5-21 alluvium Silty Clay CL 28 10 Central

SHB78a-81 6975 24.5-26 alluvium Silty Sand SM 23 5 Central

SHB-78a-83 6985 0.5-2 alluvium Silty Sand SM 10 4 Central

SHB-78a-83 6985 4.5-6 alluvium Silty Sand SM 20 - NP 26 51 87 94 2 Central

SHB-78a-83 6985 9.5-11 alluvium Silty Sand SM 14 - NP 24 49 94 97 4 Central

SHB-78a-83 6985 12-14.5 sandstone - - 50/1" Central

SHB-78a-85 6983 0.5-2 alluvium Silty Sand SM 9 3 Central

SHB-78a-85 6983 4.5-6 alluvium Silty Clay CL 17 33 15 60 77 100 6 Central
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SHB-78a-85 6983 9.5-11 alluvium Silty Sand SM 17 NP 34 62 94 97 3 Central

SHB-78a-85 6983 14.5-16 alluvium Silty Clay CL 26 35 16 80 93 100 8 Central

SHB-78a-85 6983 19.5-21 alluvium Silty Clay CL 16 34 15 74 87 98 99 8 Central

SHB-78a-85 6983 24.5-26 alluvium Silty Sand SM 23 4 Central

SHB-78a-85 6983 29.5-31 alluvium Silty Clay CL 21 7 Central

SHB, 1978b SHB78b-1 6996 0 alluvium Sandy Silt ML 32 Central

SHB78b-1 6996 5 alluvium Sandy Silt ML 14 26 NP 54 85 98 100 6 Central

SHB78b-1 6996 10 alluvium Sandy Silt ML 24 Central

SHB78b-1 6996 15 sandstone - - 50/0.5" Central

SHB78b-1 6996 20 sandstone - - 50/1" Central

SHB78b-1 6996 25 Shale - - 50/2" Central

SHB78b-2 6990 0 alluvium Sandy Clay CL 7 Central

SHB78b-2 6990 5 alluvium Sandy Clay CL 36 Central

SHB78b-2 6990 10 alluvium Sandy Clay CL 37 25 10 53 72 90 95 7 Central

SHB78b-2 6990 15 alluvium Silty Sand SM 17 Central

SHB78b-2 6990 20 alluvium Silty Sand SM-SC 15 Central

SHB78b-2 6990 25 alluvium Clayey Sand SC 10 Central

SHB78b-2 6990 30 alluvium Clayey Sand SC 18 Central

SHB78b-3 6991 0 alluvium Sandy Clay CL 8 Central

SHB78b-3 6991 5 alluvium Sandy Clay CL 32 Central

SHB78b-3 6991 10 alluvium Sandy Clay CL 24 Central

SHB78b-3 6991 15 alluvium Silty Sand SM 15 - NP 48 91 100 5 Central

SHB78b-3 6991 20 alluvium Silty Sand SM 18 Central

SHB78b-3 6991 25 alluvium Sandy Clay CL 20 Central

SHB78b-3 6991 30 alluvium Silty Sand SM 27 Central

SHB78b-4 6994 0 alluvium Sandy Clay CL 10 Central

SHB78b-4 6994 5 alluvium Sandy Clay CL 40 34 16 79 95 100 8 Central

SHB78b-4 6994 10 alluvium Silty Sand SM 11 Central

SHB78b-4 6994 15 alluvium Silty Sand SM 12 Central

SHB78b-4 6994 25 alluvium Silty Sand SM-SC 21 Central

SHB78b-4 6994 30 alluvium Clayey Sand SC 33 Central

SHB78b-5 6998 0 alluvium Clayey Sand SC 7 Central

SHB78b-5 6998 5 alluvium Sandy Clay CL 39 32 15 76 91 100 7 Central

SHB78b-5 6998 10 alluvium Sandy Clay CL 21 Central

SHB78b-5 6998 15 alluvium Sandy Clay CL 16 30 13 62 80 100 8 Central

SHB78b-5 6998 20 alluvium Sandy Clay CL 19 Central

SHB78b-5 6998 25 alluvium Sandy Clay CL 29 Central

SHB78b-5 6998 30 alluvium Silty Sand SM-SC 24 Central

SHB78b-6 7002 0 alluvium Sandy Clay CL-ML 10 Central

SHB78b-6 7002 5 alluvium Sandy Clay CL-ML 12 24 5 61 84 98 100 5 Central

SHB78b-6 7002 10 alluvium Silty Sand SM 38 Central

SHB78b-6 7002 15 alluvium Clayey Sand SC 15 Central

SHB78b-6 7002 20 alluvium Clayey Sand SC 55 Central

SHB78b-6 7002 25 alluvium Silty Sand SM-SC 31 Central

SHB78b-6 7002 30 alluvium Silty Sand SM-SC 19 Central

SHB78b-7 6987 0 alluvium Sandy Clay CL 23 Central

SHB78b-7 6987 5 alluvium Sandy Clay CL 44 Central

SHB78b-7 6987 10 alluvium Silty Sand SM 18 23 NP 44 85 99 5 Central

SHB78b-7 6987 15 alluvium Silty Sand SM 26 Central

SHB78b-7 6987 20 alluvium Sandy Clay CL 56 Central

SHB78b-7 6987 25 alluvium Silty Sand SM 23 Central

SHB78b-7 6987 30 alluvium Clayey Sand SM 53 Central
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SHB78b-7 6987 35 alluvium Silty Sand SM-SC 35 Central

SHB78b-7 6987 40 alluvium Silty Sand SM-SC 72 Central

SHB78b-7 6987 45 alluvium Silty Sand SM-SC 26 Central

SHB78b-7 6987 50 alluvium Silty Sand SM-SC 40 Central

SHB78b-7 6987 55 alluvium Silty Sand SM-SC 21 Central

SHB78b-7 6987 60 alluvium Silty Sand SM-SC 37 Central

SHB78b-8 6985 0 alluvium Sandy Clay CL 10 Central

SHB78b-8 6985 5 alluvium Silty Sand SM 14 Central

SHB78b-8 6985 10 alluvium Silty Sand SM 16 Central

SHB78b-8 6985 15 alluvium Silty Sand SM 14 Central

SHB78b-8 6985 20 alluvium Silty Clay CL 18 Central

SHB78b-8 6985 25 alluvium Silty Clay CL 21 33 14 94 99 13 Central

SHB78b-8 6985 30 alluvium Silty Sand SM 42 Central

SHB78b-9 7007 0 alluvium Silty Sand SM-SC 27 Central

SHB78b-9 7007 5 alluvium Clay CH 48 Central

SHB78b-9 7007 10 alluvium Silty Sand CL 50 42 18 93 94 98 100 11 Central

SHB78b-9 7007 15 shale Silty Sand CL 27 Central

SHB78b-10 7000 0 alluvium Silty Sand SM 9 Central

SHB78b-10 7000 5 alluvium Silty Sand SM 2 Central

SHB78b-10 7000 10 alluvium Silty Sand SM 18 - NP 22 43 69 87 4 Central

SHB78b-10 7000 15 alluvium Silty Sand SM 12 Central

SHB78b-10 7000 20 sandstone - - 100/1" Central

SHB78b-18 7018 0 alluvium Silty Sand SM 8 E. Borrow

SHB78b-18 7018 4.5 alluvium Sandy Clay CL 14 26 11 52 79 95 99 4 E. Borrow

SHB78b-18 7018 12 alluvium Clay CH 41 E. Borrow

SHB78b-18 7018 14.5 shale - - 100/6 32 11 92 98 100 38 E. Borrow

SHB78b-18 7018 20 shale - - 100/8" E. Borrow

SHB78b-18 7018 25 shale - - 100/5" E. Borrow

SHB78b-19 7032 0 alluvium Silty Sand SM 7 E. Borrow

SHB78b-19 7032 4.5 alluvium Silty Sand SM 24 22 NP 41 64 88 94 5 E. Borrow

SHB78b-19 7032 9 sandstone - - 100/0" E. Borrow

SHB78b-20 7053 3 sandstone Silty Sand SM-SC 9 E. Borrow

SHB78b-28 7052 0 alluvium Silty Sand SM 27 E. Borrow

SHB78b-28 7052 7 sandstone - - 100/8" E. Borrow

SHB78b-30 7045 0 alluvium Sandy Clay CL 15 E. Borrow

SHB78b-30 7045 4.5 alluvium Sandy Clay CL 39 27 11 55 73 86 92 8 E. Borrow

SHB78b-30 7045 7 sandstone - - 100/0" E. Borrow

SHB78b-30 7045 15 sandstone - - 100/0" E. Borrow

SHB78b-31 7016 0 alluvium Silty Sand SM-SC 6 E. Borrow

SHB78b-31 7016 5 alluvium Silty Sand SM 16 E. Borrow

SHB78b-31 7016 9.5 alluvium Sandy Clay CL 42 26 11 52 83 99 100 5 E. Borrow

SHB78b-31 7016 15 alluvium Sandy Clay CL 26 E. Borrow

SHB78b-31 7016 20 alluvium Silty Sand SM 35 E. Borrow

SHB78b-31 7016 25 alluvium Silty Sand SM 35 E. Borrow

SHB78b-31 7016 30 alluvium Silty Clay CL 43 E. Borrow

SHB78b-32 7023 0 alluvium Silty Sand SM-SC 7 E. Borrow

SHB78b-32 7023 4.5 alluvium Silty Sand SM 13 - NP 29 70 100 E. Borrow

SHB78b-32 7023 10 alluvium Sandy Clay CL-ML 23 E. Borrow

SHB78b-32 7023 15 alluvium Sandy Clay CL-ML 26 E. Borrow

SHB78b-32 7023 20 alluvium Sandy Clay CL-ML 26 E. Borrow

SHB78b-32 7023 24.5 alluvium Sandy Clay CL-ML 50 25 6 61 92 100 6 E. Borrow
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SHB78b-32 7023 30 alluvium Sandy Clay CL-ML 50 E. Borrow

SHB78b-33 7025 0 alluvium Silty Sand SM-SC 7 E. Borrow

SHB78b-33 7025 4.5 alluvium Sandy Clay CL 19 27 9 51 77 100 7 E. Borrow

SHB78b-33 7025 10 alluvium Silty Sand SM 19 E. Borrow

SHB78b-33 7025 14.5 alluvium Silty Sand SM 32 21 NP 47 86 100 5 E. Borrow

SHB78b-33 7025 20 alluvium Clayey Silt ML 16 E. Borrow

SHB78b-33 7025 25 alluvium Clayey Silt ML 50 E. Borrow

SHB78b-34 7037 0 alluvium Silty Sand SM 10 E. Borrow

SHB78b-34 7037 5 alluvium Clayey Silt ML 15 E. Borrow

SHB78b-34 7037 10 alluvium Silty Sand SM-SC 39 E. Borrow

SHB78b-34 7037 14.5 alluvium Silty Sand SM-SC 12 18 NP 40 69 98 98 5 E. Borrow

SHB78b-34 7037 20 alluvium Silty Sand SM-SC 40 E. Borrow

SHB78b-34 7037 25 alluvium Silty Sand SM 23 E. Borrow

SHB78b-34 7037 30 alluvium Clayey Silt ML-CL 20 E. Borrow

SHB, 1979 SHB-79-9 6967 0 alluvium Sandy Clay CL 11 19 North

SHB-79-9 6967 5 alluvium Clayey Sand SC 59 12 North

SHB-79-9 6967 10 alluvium Clayey Sand SC 85 North

SHB-79-9 6967 15 alluvium Silty Sand SM 27 11 North

SHB-79-9 6967 20 alluvium Silty Sand SM 11 5 North

SHB-79-9 6967 25 alluvium Clay CH 11 21 North

SHB-79-9 6967 30 alluvium Clay CH 31 North

SHB-79-9 6967 35 alluvium Clay CH 13 26 North

SHB-79-9 6967 40 alluvium Clay CH 6 31 North

SHB-79-9 6967 45 alluvium Clayey Sand SC 12 21 North

SHB-79-9 6967 50 sandstone - - 17 19 North

SHB-79-9 6967 55 sandstone - - 50/0" North

SHB-79-10 6967 0 alluvium Sandy Clay CL 33 12 North

SHB-79-10 6967 5 alluvium Silty Sand SC-SM 42 14 North

SHB-79-10 6967 10 alluvium Silty Sand SC 54 North

SHB-79-10 6967 15 alluvium Clayey Sand SC 29 14 North

SHB-79-10 6967 20 alluvium Clayey Sand SC 26 North

SHB-79-10 6967 25 sandstone - - 50/0" North

SHB-79-11 6967 30 sandstone - - North

SHB-79-12 6968 0 alluvium Clayey Sand SC 46 Central

SHB-79-12 6968 5 tailings Sand SP 11 Central

SHB-79-12 6968 10 tailings Sand SP 5 Central

SHB-79-12 6968 15 tailings Sand SP 2 Central

SHB-79-12 6968 20 tailings Sand SP 1 Central

SHB-79-12 6968 25 tailings Sand SP 12 Central

SHB-79-12 6968 30 tailings Sand SP 9 Central

SHB-79-12 6968 35 tailings Sand SP 13 Central

SHB-79-12 6968 40 alluvium Clay CH 16 Central

SHB-79-12 6968 45 alluvium Sand SP 5 Central

SHB-79-12 6968 50 alluvium Silty Sand SM-SC 8 Central

SHB-79-12 6968 55 alluvium Sandy Clay CL 6 Central

SHB-79-13 6968 0 alluvium Clayey Sand SC 35 Central

SHB-79-13 6968 5 alluvium Clayey Sand SC 7 Central

SHB-79-13 6968 10 Tailings Sand SP-SC 4 Central

SHB-79-13 6968 15 Tailings Sand SP-SC 1 Central

SHB-79-13 6968 20 Tailings Sand SP-SC 1 Central

SHB-79-13 6968 25 Tailings Sand SP-SC 1 Central

SHB-79-13 6968 30 Tailings Sand SP-SC 10 Central
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SHB-79-13 6968 35 Tailings Sand SP-SC 19 Central

SHB-79-13 6968 40 alluvium Clay CH 8 Central

SHB-79-13 6968 45 alluvium Silty Sand SM 9 Central

SHB-79-14 6968 0 alluvium Clay CH 15 17 North

SHB-79-14 6968 5 tailings Sand SP-SC 4 15 North

SHB-79-14 6968 10 tailings Sand SP-SC 2 22 North

SHB-79-14 6968 15 tailings Sand SP-SC 8 41 North

SHB-79-14 6968 20 tailings Sand SP-SC 10 34 North

SHB-79-14 6968 25 alluvium Sandy Clay CL 5 36 North

SHB-79-14 6968 30 alluvium Clayey Sand SC 5 24 North

SHB-79-14 6968 35 alluvium Clayey Sand SC 7 26 North

SHB-79-14 6968 40 alluvium Clay CH 8 9 North

SHB-79-14 6968 45 alluvium Clay CH 23 32 North

SHB-79-15 6966 0 alluvium Clayey Sand SC 26 12 North

SHB-79-15 6966 5 tailings Sand SP-SC 6 12 North

SHB-79-15 6966 10 tailings Sand SP-SC 1 North

SHB-79-15 6966 15 tailings Sand SP-SC 2 45 North

SHB-79-15 6966 20 alluvium Sand SP-SC 6 36 North

SHB-79-15 6966 25 alluvium Sand SP-SC 6 28 North

SHB-79-15 6966 30 alluvium Sand SP-SC 2 21 North

SHB-79-15 6966 35 alluvium Sand SP-SC 4 22 North

SHB-79-15 6966 40 alluvium Sand SP-SC 8 23 North

SHB-79-15 6966 45 alluvium Clay CH 11 29 North

SHB-79-16 6968 0 alluvium Clayey Sand SC 50/.5" 8 North

SHB-79-16 6968 5 sandstone - - 50/2" 6 North

SHB-79-17 6967 0 alluvium Silty Sand SM-SC 24 Central

SHB-79-17 6967 5 alluvium Silty Sand SM-SC 17 Central

SHB-79-17 6967 10 tailings Sand SP-SC 50/5" Central

SHB-79-18 6967 0 alluvium Silty Sand SM-SC 57 Central

SHB-79-18 6967 5 alluvium Silty Sand SM-SC 8 Central

SHB-79-18 6967 10 tailings Sand SP-SC 4 Central

SHB-79-18 6967 15 tailings Sand SP-SC 19 Central

SHB-79-18 6967 20 tailings Sand SP-SC 11 Central

SHB-79-18 6967 25 tailings Sand SP-SC 27 Central

SHB-79-18 6967 30 tailings Sand SP-SC 9 Central

SHB-79-18 6967 35 tailings Sand SP-SC 10 Central

SHB-79-18 6967 40 tailings Sand SP-SC 19 Central

SHB-79-18 6967 45 tailings Sand CH 75 Central

CSI, 1980 DH-1 7016 4 alluvium
Sandy Clayey 

Clayey Silty 

Silt to 

Sand

SM-SL 14 E. Borrow

DH-1 7016 6 alluvium SM-SL 18 E. Borrow

DH-1 7016 8 alluvium SM-SL 13 E. Borrow

DH-1 7016 12 alluvium Sandy Clayey Silt ML 13 6.1 91 X E. Borrow

DH-1 7016 15 alluvium Sandy Clayey Silt ML 18 5.2 82 E. Borrow

DH-1 7016 19 alluvium Sandy Clayey Silt ML 2.65 5.5 88 C E. Borrow

DH-1 7016 20 alluvium Sandy Clayey Silt ML 18 5.5 85 CU E. Borrow

DH-1 7016 21 alluvium Sandy Clayey Silt ML 5.2 84 E. Borrow

DH-1 7016 24 alluvium Sandy Clayey Silt ML 17 E. Borrow

DH-1 7016 29 alluvium Sandy Clayey Silt ML 19 E. Borrow

DH-1 7016 34 alluvium Sandy Clayey Silt ML E. Borrow

DH-1 7016 39 alluvium Sandy Clayey Silt ML 22 E. Borrow

DH-1 7016 70 alluvium Sandy Clayey Silt ML 27 E. Borrow

DH-2 7082 2 alluvium Sandy Silt ML 18.4 101 S. Central
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data

Surf. Dry 

Report Elev.  Sample SPT Torvane Perm LL PI (%) p.001 (%) (%) p. (%) p. (%) p. w.c. Density Std. rel. density (pcf) Dir. Shear Perm 

Reference Boring no. (ft) Depth (ft) Formation Material Type USCS (bpf) (tsf) (ft/year) SG (%) (%) mm p.200 100 No.10 No.4 (%) (pcf) Consol Proctor min-max Triax. (phi, c (ksf) (ft/year)(1) Location

DH-2 7082 5 alluvium Sandy Silt ML 6 5.3 78 S. Central

DH-2 7082 6 alluvium Sandy Silt ML 4.5 93 UU S. Central

DH-2 7082 8 alluvium Sandy Silt ML 8 4.6 88 S. Central

DH-2 7082 11 alluvium Sandy Silt ML 17 4.9 105 S. Central

DH-2 7082 15 alluvium Sandy Silt ML 17 7.8 88 S. Central

DH-2 7082 22 sandstone Silty Sand - 50/1" S. Central

DH-2 7082 25 sandstone - - 50/1" S. Central

DH-2 7082 30 sandstone - - 50/1" S. Central

DH-3 7043 2 alluvium SM-ML 37 76 100 11.7 105 C E. Borrow

DH-3 7043 5 alluvium Sandy Clayey Silt to SM-ML 12 2.66 6.5 97 S E. Borrow

DH-3 7043 6 alluvium Clayey Silty Sand SM-ML 12 E. Borrow

DH-3 7043 8 alluvium SM-ML 13 E. Borrow

DH-3 7043 12 alluvium Sandy Clayey Silt ML 9 24 87 96 99 9.4 90 E. Borrow

DH-3 7043 13 alluvium Sandy Clayey Silt ML 7.1 83 C E. Borrow

DH-3 7043 16 alluvium Sandy Clayey Silt ML 10 5.8 94 E. Borrow

DH-3 7043 20 alluvium Sandy Clayey Silt ML 11 37 66 90 5.5 103 CU 416 E. Borrow

DH-3 7043 25 alluvium Sandy Clayey Silt ML 14 6.1 87 E. Borrow

DH-3 7043 26 alluvium Sandy Clayey Silt ML 5.4 88 UU E. Borrow

DH-3 7043 29 alluvium Sandy Clayey Silt ML 14 55 91 100 E. Borrow

DH-3 7043 31 alluvium Sandy Clayey Silt ML 12 6.5 90 E. Borrow

DH-3 7043 35 alluvium Sandy Clayey Silt ML 16 E. Borrow

DH-3 7043 46 total depth Sandy Silt to Silty Sand SM-ML 46 E. Borrow

DH-4 7019 4 alluvium Silty Sand to Sandy Silt SM-ML 50 S. Central

DH-4 7019 6 siltstone - - 50 S. Central

DH-4 7019 8 siltstone - - 50 S. Central

DH-4 7019 10 siltstone - - 100 S. Central

DH-4 7019 15 siltstone - - 50 S. Central

DH-4 7019 20 siltstone - - 50 S. Central

DH-4 7019 25 siltstone - - 50 S. Central

DH-4 7019 29 sandstone - - 100 S. Central

DH-4 7019 40 total depth - - 100 S. Central

DH-6 7012 4 alluvium Sandy Clayey Silt ML 17 W. Borrow

DH-6 7012 6 alluvium Sandy Clayey Silt ML 50 W. Borrow

DH-6 7012 8 alluvium Sandy Clayey Silt ML 50 W. Borrow

DH-6 7012 10 alluvium Sandy Clayey Silt ML 50 W. Borrow

DH-6 7012 15 siltstone - - 50 W. Borrow

DH-6 7012 20 siltstone - - 50 W. Borrow

DH-6 7012 25 siltstone - - 100 W. Borrow

DH-6 7012 30 siltstone - - 100 W. Borrow

DH-6 7012 40 total depth - - 100 W. Borrow

DH-7 7022 4 alluvium
Clayey Silt to Sandy 

Clayey Silt
ML 50

W. Borrow

DH-7 7022 6 siltstone - - 50 W. Borrow

DH-7 7022 9 siltstone - - 50 W. Borrow

DH-7 7022 11 siltstone - - 50 W. Borrow

DH-7 7022 15 siltstone - - 50 W. Borrow

DH-7 7022 20 sandstone - - 50 W. Borrow

DH-7 7022 25 siltstone - - 50 W. Borrow

DH-7 7022 30 siltstone - - 50 W. Borrow

DH-7 7022 40 siltstone - - 50 W. Borrow

DH-7 7022 50 total depth - - 50 W. Borrow

DH-8 6998 4 alluvium Clayey Silt ML-CL 50 W. Borrow
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data

Surf. Dry 

Report Elev.  Sample SPT Torvane Perm LL PI (%) p.001 (%) (%) p. (%) p. (%) p. w.c. Density Std. rel. density (pcf) Dir. Shear Perm 

Reference Boring no. (ft) Depth (ft) Formation Material Type USCS (bpf) (tsf) (ft/year) SG (%) (%) mm p.200 100 No.10 No.4 (%) (pcf) Consol Proctor min-max Triax. (phi, c (ksf) (ft/year)(1) Location

DH-8 6998 6 alluvium Clayey Silt ML-CL 50 W. Borrow

DH-8 6998 8 siltstone - 50 W. Borrow

DH-8 6998 11 siltstone - 50 W. Borrow

DH-8 6998 15 siltstone - 50 W. Borrow

DH-8 6998 20 shale - X W. Borrow

DH-8 6998 25 siltstone - 100 W. Borrow

DH-8 6998 30 siltstone - 50 W. Borrow

DH-8 6998 40 siltstone - 50 W. Borrow

DH-8 6998 50 total depth - 50 W. Borrow

Canonie, 1986 658 6976 7.5-10 tailings Fine 2.81 17.4 88 Central

&1991 658 12.5-15 tailings 21.5 105 0.018 Central

658 17.5-20 tailings Fine/Coarse mixed 2.83 23.5 104 Central

658 27.5-30 tailings Coarse 2.81 23.4 98 Central

658 30-32.5 tailings Coarse - 43.6 97 0.055 Central

658 37.5-40 tailings Coarse 2.89 31.2 92 Central

659 6990 7.5-10 tailings Coarse 2.84 6.1 95 Central

659 17.5-20 tailings Coarse 2.83 10.5 94 Central

659 27.5-30 tailings Coarse 2.74 13.1 97 Central

659 30-32.5 tailings Coarse - 32 106 0.022 Central

659 35-37.5 tailings Fine/Coarse mixed 2.72 29.6 78 Central

660 6975 8 tailings Fine 2.81 44.2 74 Central

660 12.5-15 tailings Fine 2.84 60 94 Central

660 25-27.5 tailings Fine 2.75 32.2 89 sample disturbed Central

660 35-37.5 tailings Fine 2.84 41.4 79 Central

660 38 tailings Fine 44.5 73 Cc=1.0 Central

662 6957 17.5-20 tailings Sandy, coarse 34.1 97 Cc=0.043 South

662 25 tailings Coarse 2.78 25.1 96 South

662 30 tailings Coarse 2.79 29.6 94 South

662 32.5 tailings Coarse - 34.1 97 South

662 37.5-40 tailings Fine 2.72 36.4 84 0.068 South

662 40-42.5 tailings Fine/Coarse mixed - 43.8 89 0.082 South

Canonie, 1993 5M 5-5.8 tailings Coarse 2.63 5 20 28 100 8.5 90 Central

5M 6.8-7.5 tailings Coarse 2.65 2 11 22 100 6.4 103 Central

9M 3.3-4 tailings Coarse 2.68 3 9 15 100 6.9 105 Central

9M 5-5.5 tailings Coarse 2.68 4 15 17 100 7.1 - Central

9M 6.2-7 tailings Coarse 2.65 2 10 17 100 7.1 112 Central

9G 3.3-4 tailings Coarse 2.68 4 18 29 100 9.8 113 Central

9G 4-5 tailings Coarse 2.64 2 10 20 100 7.5 - Central

9G 5.8-6.5 tailings Coarse with slime 2.65 6 22 32 100 27.3 78 Central

11M 2.5-5 tailings Coarse 2.68 3 16 22 100 4.9 101 Central

11M 4-5 tailings Coarse 2.64 2 9 15 100 5 - Central

11M 6.4-7.5 tailings Coarse 2.69 3 11 17 100 4.7 102 Central

13K 3.3-4 tailings Sand 2.67 2 8 16 100 5.2 109 Central

13K 4-5 tailings Sand 2.65 2 10 17 100 7.2 - Central

13K 5.8-6.5 tailings Sand Trace Slime 2.64 3 10 14 100 7.8 102 Central

17A 1.8-2.4 tailings Coarse with clay 2.69 6 26 38 100 11.1 117 Central

17A 3.2-4 tailings Coarse with clay 2.63 3 21 29 100 13.4 113 Central

17A 4-5 tailings Coarse with slime 2.69 5 25 37 100 14.1 - Central

17A 5.8-6.5 tailings Coarse with slime 2.66 6 25 36 100 13.7 115 Central

11K 3.3-4 tailings Coarse 2.68 3 12 18 100 10.7 101 Central

11K 4-4.7 tailings Fine with clay 2.66 2 12 15 100 7.0 96 Central

11K 6.3-7 tailings Fine with clay 2.67 5 22 29 100 9.3 95 Central
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data

Surf. Dry 

Report Elev.  Sample SPT Torvane Perm LL PI (%) p.001 (%) (%) p. (%) p. (%) p. w.c. Density Std. rel. density (pcf) Dir. Shear Perm 

Reference Boring no. (ft) Depth (ft) Formation Material Type USCS (bpf) (tsf) (ft/year) SG (%) (%) mm p.200 100 No.10 No.4 (%) (pcf) Consol Proctor min-max Triax. (phi, c (ksf) (ft/year)(1) Location

13G 1-1.5 tailings Fine with slime 2.69 26 76 92 100 12.0 117 Central

13G 3.3-4 tailings Fine with slime 2.66 4 17 25 100 12.8 100 Central

13G 4-4.9 tailings Fine 2.67 3 12 41 100 8.0 101 Central

13G 5.8-6.5 tailings Fine 2.65 6 17 52 100 5.9 95 Central

15C 2.9-3.6 tailings Fine with slime 2.67 3 24 34 100 14.4 110 Central

15C 4.1-4.8 tailings Fine with slime 2.68 4 23 38 100 14.0 112 Central

15C 6.3-7.0 tailings Fine with slime 2.67 4 23 38 100 19.0 98 Central

17I 3.0-4.1 tailings Fine with slime 2.67 3 45 59 100 11.5 112 Central

17I 4.1-4.8 tailings Fine with slime 2.67 4 31 47 100 17.1 110 Central

17I 6.1-6.8 tailings Fine with slime 2.69 3 39 52 100 13.3 94 Central

Notes: (1) remolded to 95% of ASTM D698, 

 c=cohesion, UC=unconfined compression, CU=consolidated undrained

UU=unconsolidated undrained, C=collapse, S=swell, NP=non-plastic
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APPENDIX A2 

POTENTIAL BORROW AREAS AND BORROW CHARACTERIZATION PLAN, 
CHURCH ROCK MILL SITE 

MWH  



 

 TECHNICAL MEMORANDUM 
 
 
 
TO:   Mr. Lance Hauer, GE  DATE:  February 17, 2012 
  
FROM:  Eileen Dornfest, Clint Strachan, MWH, Inc. 
 Stephen Dwyer, Dwyer Engineering, LLC  REFERENCE:  1012151 
 
SUBJECT:  Potential Borrow Areas and Borrow Characterization Plan, Northeast Church Rock 

Millsite 
 
 
Cover Construction Materials 
As requested by GE, available cover materials from select potential borrow areas on the NECR 
site were evaluated for geotechnical characteristics and estimated volume.  Five potential areas 
containing borrow source material have been identified within the United Nuclear Corporation 
property at the Northeast Church Rock Millsite.  These potential borrow sources are Borrow 
Areas 1, 2, D-N, D-S, and Dilco Hill.  Limited investigations have been conducted within Borrow 
Areas 1 and 2.  The remaining borrow areas have not yet been sampled or characterized. The 
potential borrow areas are shown on Figure BA-1.  A stockpile of topsoil material available for 
cover construction is also shown on Figure BA-1. 
 
Estimated quantities of soil material required for cover construction range from approximately 
160,000 cubic yards (cy) to over 350,000 cy, depending on the capacity and configuration of the 
mine waste repository.  In addition, the Engineering Evaluation/Cost Analysis (EPA, 2009) 
indicates that approximately 200,000 cy of borrow material may be required to restore the mine 
site.   
 
Borrow Areas 1 and 2 
Borrow Areas 1 and 2 were sampled in 2008 with an excavator.  Thirteen test pits were 
excavated within Borrow Area 1, with depths ranging from 8.0 feet to greater than 12.0 feet.  
The depths of the test pits excavated in Borrow Area 1 were generally limited by the reach of 
the excavator.  Twelve test pits were excavated within Borrow Area 2, with depths ranging from 
3.9 to 12.0 feet.  The test pit identification numbers, GPS coordinates, and depths are provided 
in Tables 1 and 2 for Borrow Areas 1 and 2, respectively.  The approximate locations of the test 
pits in Borrow Areas 1 and 2 are shown in Figure BA-2.   
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Table 1.  Borrow Area 1 Test Pit Depths and Locations   

Test Pit GPS Location (latitude/longitude) Depth ID 
NTP-01 N 35º 38.734´/ W 108º 29.668´ 9.5 ft Rock1 
NTP-02 N 35º 38.733´/ W 108º 29.692´ >12.0 ft 
NTP-03 N 35º 38.734´/ W 108º 29.720´ >12.0 ft 
NTP-04 N 35º 38.709´/ W 108º 29.662´ >12.0 ft 
NTP-05 N 35º 38.702´/ W 108º 29.692´ >12.0 ft 
NTP-06 N 35º 38.700´/ W 108º 29.726´ 8.0 ft Rock1 
NTP-07 N 35º 38.673´/ W 108º 29.662´ >12.0 ft 
NTP-08 N 35º 38.674´/ W 108º 29.692´ >12.0 ft 
NTP-09 N 35º 38.678´/ W 108º 29.725´ 8.5ft Shale1 
NTP-10 N 35º 38.643´/ W 108º 29.664´ >12.0 ft 
NTP-11 N 35º 38.644´/ W 108º 29.693´ >12.0 ft 
NTP-12 N 35º 38.647´/ W 108º 29.732´ >12.0 ft 
NTP-13 N 35º 38.?´/ W 108º 29.?´ >12.0 ft 

Notes: 1.  The test pits were terminated shallower than 12 ft due to refusal as a result of rock or shale.  

 
Table 2.  Borrow Area 2 Test Pit Depths and Locations   

Test Pit GPS Location (latitude/longitude) Depth ID 
STP-01 N 35º 38.439´/ W 108º 30.262´ 3.9 ft 
STP-02 N 35º 38.460´/ W 108º 30.264´ 4.0 ft 
STP-03 N 35º 38.456´/ W 108º 30.267´ 9.9 ft 
STP-04 N 35º 38.444´/ W 108º 30.279´ 9.5 ft 
STP-05 N 35º 38.434´/ W 108º 30.286´ 3.1 ft 
STP-06 N 35º 38.478´/ W 108º 30.300´ 8.6 ft 
STP-07 N 35º 38.471´/ W 108º 30.311´ 8.5 ft 
STP-08 N 35º 38.458´/ W 108º 30.329´ 11.8 ft 
STP-09 N 35º 38.456´/ W 108º 30.333´ 4.9 ft 
STP-10 N 35º 38.505´/ W 108º 30.336´ 10.3 ft 
STP-11 N 35º 38.498´/ W 108º 30.345´ 12.0 ft 
STP-12 N 35º 38.487´/ W 108º 30.360´ 11.1 ft 

 
Estimates of available borrow material volume from Borrow Areas 1 and 2 are provided below.  
Estimates are based on the depth of borrow material encountered in test pits, as well as 
assumptions about geometry of the borrow pit excavations.   

• Borrow Area 1 – 204,000 cy (assumes an average excavation depth of 12 ft, and 5:1 
(horizontal:vertical) slopes along the excavation perimeter). 

• Borrow Area 2 – 143,000 cy (assumes an average excavation depth of 8 ft, with 5:1 
slopes along the excavation perimeter). 

 
AMEC collected samples from both Borrow Areas 1 and 2 and tested them for limited 
geotechnical properties in 2008.  The results of the laboratory testing and the material types are 
provided in Table 3 below (Dwyer, 2012). 
 
 



Mr. Lance Hauer, GE 
Potential Borrow Areas, NECR 
Page 3 
 

 

Table 3.  Laboratory Test Results for Borrow Areas 1 and 2 
 

Sample Ksat (cm/sec) % 
Sand 

% 
Silt 

% 
Clay 

USDA 
Classification 

Borrow Area 1 1.41E-04 35.8 31.9 33.6 Clay Loam 
Borrow Area 2 4.19E-04 46.2 24.1 29.6 Sandy Clay Loam 

 
Dilco Hill Borrow Area 
The area designated as Dilco Hill is shown on Figure BA-1.  No exploration or characterization 
of this potential borrow source has been conducted, but the material is assumed to be 
composed predominately of shale with siltstone and sandstone.  Estimates of the volume of 
material available from the Dilco Hill Borrow Area are based on an assumed depth and lateral 
extent of excavation, as shown on Figure BA-3.  The estimated volume of material available 
from Dilco Hill is approximately 337,000 CY.                   
 
Borrow Areas D-N and D-S 
The areas designated as potential Borrow Areas D-N and D-S are located in drainages north of 
the Church Rock tailings facility, as shown in Figure BA-1.  No exploration or characterization of 
these potential borrow sources has been conducted, and no estimates of available borrow 
material have been developed.  If these borrow sources are determined to be necessary for 
cover construction, these borrow areas will be sampled and characterized as a portion of the 
pre-design data collection activities. 
 
Topsoil Stockpile 
A topsoil stockpile containing approximately 34,000 CY of material exists on UNC property north 
of Highway 566 and west of the UNC offices.  The location of the topsoil stockpile is shown on 
Figure BA-1.  AMEC tested one sample from the topsoil stockpile for limited geotechnical 
properties in 2008.  The results of the laboratory testing are provided in Table 4 below (Dwyer, 
2012). 
 
Table 4.  Laboratory Test Results for Topsoil Stockpile Material 

Sample Ksat (cm/sec) % 
Sand

% 
Silt 

% 
Clay USDA Classification 

Topsoil Stockpile 1.27E-04 34.5 31.9 33.6 Clay Loam 
 
Further characterization of these borrow materials will be necessary to determine suitability of 
the proposed material for soil cover construction, as well as to develop geotechnical parameters 
for final design.  The proposed borrow soil investigation is discussed below.   
 
Erosion Protection Materials 
Erosion protection materials (basalt rock) are also currently stockpiled on site (personal 
communication with UNC personnel).  These rock sizes and stockpile volumes are provided in 
Table 5 below.  These erosion protection materials are surplus materials from previous 
construction at the site and have already been tested and characterized.  Therefore, they should 
not require any additional geotechnical sampling or testing.  
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Table 5.  Volume of Materials Stockpiled on Site 

D50 Diameter  Volume Stockpiled on Site 
(in) (cubic yards) 

0.02 (crusher fines) 822  
0.35 (base coarse) 325  

1.5 4,469  
3.0 600  
6.0 143  
10.0 314  

 
Future Borrow Soil investigation 
The borrow sources described above will require sampling and laboratory testing to measure 
applicable geotechnical and hydraulic properties.  The sample frequency and laboratory testing 
program will be specified as part of the pre-design data collection task.  The laboratory test 
results will be used to help determine the applicability of the different soils for use in a final 
cover system.  An adequate number of trenches and/or borings will need to be excavated and 
sampled to adequately characterize the full extent of the borrow sources.  If the borrow soil 
investigation results indicate the material volumes or properties are inadequate for cover 
construction, investigation of additional borrow sources may be warranted. 
 
A preliminary summary of the laboratory testing to be performed on samples from the borrow 
areas is provided in Table 6.  The tests will be performed as specified during the pre-design 
data collection task. 
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Table 6.  Soil Tests and Methods for Additional Borrow Material Characterization 

Test Test Method 
Saturated hydraulic 

conductivity (Rigid Wall - ASTM D2434M) or flexible wall depending on soil texture flexible wall 

Dry bulk density ASTM D7263 
Moisture Content ASTM D7263 

Calculated total porosity ASTM D7263 
Moisture Characteristics (5-7pts. min): other test methods such as centrifuge is to be approved prior to their use 

Hanging Column Method ASTM D6836 
Pressure Plate Method ASTM D6836 

Water Potential (Dewpoint 
Potentiometer) ASTM D6836 

Karathanasis & Hajek. 1982. Quantitative Evaluation of Water Adsorption on Soil Clays. SSA Journal 46:1321-
Relative Humidity (Box) 1325; Campbell, G. and G. Gee. 1986. Water Potential: Miscellaneous Methods. Chp. 25, pp. 631-632, in A. Klute 

(ed.), Methods of Soil Analysis, American Society of Agronomy, Madison, WI 

Moisture Retention 
Characteristics & Calculated 

Unsaturated Hydraulic 
Conductivity: 

ASTM D6836; van Genuchten, M.T. 1980. A closed-form equation for predicting the hydraulic conductivity of 
unsaturated soils. SSSAJ 44:892-898; van Genuchten, M.T., F.J. Leij, and S.R. Yates. 1991. The RETC code for 

quantifying the hydraulic functions of unsaturated soils. Robert S. Kerr Environmental Research Laboratory, Office 
of Research and Development, U.S. Environmental Protection Agency, Ada, Oklahoma. EPA/600/2091/065. 

December 1991 
Specific Gravity Fine ASTM D854 

Specific Gravity Coarse ASTM C127 
Particle size analysis (Wet) 
Standard Sieves with Wash ASTM D422 

& Hydrometer 
USDA Classification ASTM D422, USDA Soil Textural Triangle 

Atterberg Limits: ASTM D4318 
Standard Proctor 

Compaction ASTM D698 
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APPENDIX A3 

SUMMARY OF GEOTECHNICAL DATA  

DWYER ENGINEERING, LLC



MEMO 
 

To:  Lance Hauer 

From:  Steve Dwyer 

Date:   01/03/2012 

Re:  Summary of NECR Geotechnical Data available to date 

Message: 

The following tables summarize the available geotechnical data collected to date from the NECR 
site.  The data includes samples tested by AMEC in 2008 as well as samples collected from the 
Interim Removal Area in 2011. 

 

AMEC Samples 

The AMEC samples were taken from Borrow Pit 1, Borrow Pit 2, and a Topsoil Stockpile.  The 
date of the AMEC results is December 2, 2008. 

Table 1.  AMEC Results 

Sample Ksat (cm/sec) % Sand % Silt % Clay USDA Classification 
Borrow Pit 1 1.41E-04 35.8 31.9 33.6 Clay Loam 
Borrow Pit 2 4.19E-04 46.2 24.1 29.6 Sandy Clay Loam 
Topsoil Stockpile 1.27E-04 34.5 31.9 33.6 Clay Loam 



 

Figure 1. AMEC Sample Locations 

 

 

Interim Removal Area Samples 

The soil samples taken from the Interim Removal Area were tested at a local geotechnical 
laboratory  and are summarized as follows:

Topsoil 1 

Borrow 2 

Borrow 1 



 

Figure 2.  Interim Action Soil Sample Locations 

  



 

Table 2.  Summary of Interim Action Sample Preparations 

 

Summary of Sample Preparation/Volume Changes 
 

Sample Number 

Proctor Data Target Remold Parameters1 Actual Remold Data 
Volume Change Post 

Saturation2 
 Volume Change Post Drying 

Curve3 

Opt. 
Moist. 
Cont. 

Max. 
Dry 

Density 
Moist. 
Cont. 

Dry 
Bulk 

Density 

% of 
Max. 

Density 
Moist. 
Cont. 

Dry 
Bulk 

Density 

% of 
Max. 

Density 

Dry 
Bulk 

Density 

% 
Volume 
Change  

% of 
Max. 

Density 

Dry 
Bulk 

Density 

% 
Volume 
Change  

% of 
Max. 

Density 
(%, 
g/g) (g/cm3) 

(%, 
g/g) (g/cm3) (%) 

(%, 
g/g) (g/cm3) (%) (g/cm3) (%) (%) (g/cm3) (%) (%) 

TT-205-GT1 13.9 1.78 13.9 1.60 90% 13.9 1.60 89.9% 1.60 --- 89.9% 1.60 --- 89.9% 

TT-209-GT1 11.6 1.88 11.6 1.69 90% 11.4 1.69 90.3% 1.69 --- 90.3% 1.72 -1.5% 91.7% 

TT-212-GT1 --- --- 13.9 1.60 90% 14.4 1.59 89.6% 1.64 -2.6% 92.1% 1.67 -4.6% 94.0% 

TT-213-GT1 13.5 1.85 13.5 1.66 90% 13.5 1.66 90.0% 1.66 --- 90.0% 1.66 --- 90.0% 

TT-215-GT1 --- --- 13.9 1.60 90% 14.6 1.59 89.5% 1.59 --- 89.5% 1.59 --- 89.5% 

TT-216-GT2 --- --- 13.9 1.60 90% 14.1 1.59 89.6% 1.59 --- 89.6% 1.59 --- 89.6% 

TT-217-GT1 11.4 1.84 11.4 1.65 90% 11.4 1.66 90.2% 1.66 --- 90.2% 1.69 -2.1% 92.1% 
  



 

Table 3.  Summary of Interim Action Grain Size Distribution 

Sample Number 
% Gravel % Sand % Silt % Clay % Fines USDA 

Classification 

(>4.75mm) (<4.75mm, 
>0.075mm) 

(<0.075mm, 
>0.002mm) 

 
(<0.002mm) Clay + Silt  

TT-205-GT1 5.4 67.5 16.3 10.8 27.1 Sandy Loam 

TT-209-GT1 3.1 81.8 7.4 7.6 15.0 Loamy Sand 

TT-212-GT1 1.2 80.3 8.4 10.1 18.5 Loamy Sand 

TT-213-GT1 1.0 65.2 20.9 13.0 33.9 Sandy Loam 

TT-215-GT1 25.5 41.8 21.1 11.7 32.8 Sandy Loam 

TT-216-GT2 1.7 56.4 25.9 16.1 42.0 Sandy Loam 

TT-217-GT1 0.0 87.9 6.9 5.1 12.1 Sand 

 

  



Table 4. Summary of Interim Action Hydraulic Properties 

Summary of Hydraulic Properties 

Sample Number 
D 

(cm-1)�
N 

(dimensionless) 
Tr 

(% vol)�
Ts 

(% vol)�
Ksat  

(cm/sec)�

TT-205-GT1 0.0525 1.2338 0.00 37.74 2.2E-04 

TT-209-GT1 0.0378 1.3596 1.25 35.64 1.8E-03 

TT-212-GT1 0.0363 1.4247 2.01 40.83 3.1E-03 

TT-213-GT1 0.0184 1.2306 0.00 35.58 1.1E-04 

TT-215-GT1 0.0056 1.2674 0.00 36.52 9.7E-06 

TT-216-GT2 0.0192 1.2335 0.00 35.95 5.4E-05 

TT-217-GT1 0.0381 1.4302 1.33 33.77 2.6E-03 
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