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Why we need contam. soils management skills? 

 Estimated 3rd of our work is on contaminated soils 
sites.

 Highest cost sites to remediate – often other 
agencies and stakeholders request assistance.

 Often high toxicity and direct exposure – commonly 
residential sites.

 Interventions should preserve water quality – on-site 
techniques allay monetary and environmental costs.



Superfund Perspective

Presenter
Presentation Notes
Illustrating how soil amendments can help mitigate exposure to contaminants. 
metals in the amended area are chemically precipitated and/or sequestered by complexation and sorption mechanisms within the contaminated substrate. 
metal availability to plants is minimized, 
metal leaching into groundwater can be reduced. 
metal availability below the treated area may also be reduced.
Plant establishment
Plants stabilize the landscape from erosion, greatly reducing surface water runoff and sediment loss to receiving streams. 
Plants also reduce erosion caused by wind.



Reconsidering Cleanup Goals

 Bioavailability in risk assessment
 Removal objectives use Preliminary Remediation Goals 

(PRGs) for decision making in the “risk range” of 
contaminant concentrations 

 PRGs may not be an appropriate measure of risk at a 
mine site
 Total metals may not be bioavailable
 Risk assessment modeling traditionally assumes 80 to 100% 

absorption

 Reactive cover construction is a practical 
remediation solution.



An Example: Iron King Mine Site

 Humboldt, AZ
 Runoff and erosion 

from the mine 
contaminated 
neighboring 
residences with 
arsenic

 Arsenic naturally 
high in the region



Bioavailability in Risk Analysis

 EPA found that all residences in the study 
exceeded PRGs (22 ppm – Reg 9 PRG)

 Background concentrations (35 ppm) exceeded 
PRGs

 Considered bioavailability of arsenic as a means of 
reconsidering protective level
 Based on lines of evidence EPA selected a bioavailability 

default of 50% (departure from 80-100% typically used)



Electron Microprobe Analysis

 Conducted speciation of As using an electron 
microprobe
 Determined that As was present as arsenopyrite – a low 

bioavailability form of As

 Analysis provided confirmation that primary species 
in soil samples is in fact arsenopyrite.



Create a “Reactive Cover”

 Various substances can be used to decrease 
bioavailability in-situ
 Biosolids and Water Treatment Residuals (other OM?)
 Amendments

 Limestone, use for arsenic, lead, zinc, cadmium
 Phosphate, use for lead sites

 Basis provided by bioavailability & ecotoxicity tests



Recycles 
industrial

by-products

Restores soil 
quality

Reduces 
exposure of
contaminant

Soil 
Amendments

Presenter
Presentation Notes
Soil Amendments paper published in December 2007
Collaboration of EPA, USDA, and industry and academia
Purpose:  Assist regulators, consultants, site owners, neighbors, and other stakeholders in understanding the principles of soil amendment application for remediating and revegetating contaminated sites and to encourage widespread use of this alternative to revitalize and reuse contaminated land.
http://www.clu-in.org/ecotools/soil.cfm




Biosolids

 Produced by all municipalities
 Use regulated under 40 CFR 503
 70% of biosolids are now land applied
 Cost - "subsidized" by municipality

Courtesy of H. Compton, EPA & Dr. S. Brown, U. Wash.



McCleur & Sheldon Tailings Site

 The McCleur & Sheldon Sites are abandoned mines 
with high arsenic and lead concentrations in soil
 Estimated bioavailability before and after treatment with 

biosolids, limestone and phosphate.
 Demonstrated a reduction in bioavailability and leachability
 Demonstrated that the sites could be revegetated for erosion 

control



Cleanup Goals
 Reduce contaminated surface runoff and impacts to 

groundwater.
 Improve site drainage to route run-on around sources. 

 Prevent fugitive dust emissions
 Construct vegetative cover (wood mulch, soil, and biosolids 

compost) and hydroseed w/native plants & grasses
 Coordinate activities with Federal and State 

authorities, consider National Historic Preservation 
Act. 



Tailings Soil Characteristics

 Tailings A
 Total Lead 3%, 
 30,000 ppm
 Total Arsenic 300 ppm
 pH 2.3

 Tailings B
 Total Lead 0.2%,
 2,000 ppm
 Total Arsenic 200 ppm
 pH 2.7
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		Soil calculations for Pb as incubation

		Incubations calculated to give 200 g of mixture dry weight

		Soil		Tin wt		sample (W1)		Tin+Sample (dry)		sample (W2)		% moisture		% solids				Treatment #		Treatments:		soil (g)		amend 1 (g)		amend 2 (g)

		S1(1)		31.78		10.10		40.73		8.95		11.39		88.61				T1		S1, control		112.45

		S1(2)		32.22		10.04		41.18		8.96		10.76		89.24				T2		S1(90%), A1(10%)		101.20		17.17

		S2(1)		34.61		18.05		51.31		16.70		7.48		92.52				T3		S1(90%), A2(10%)		101.20		29.43

		S2(2)		34.79		18.00		51.47		16.68		7.33		92.67				T4		S1(90%), A3(10%)		101.20		15.59

		S3(1)		41.13		18.05		56.94		15.81		12.41		87.59				T5		S1(98%), A4(2%)		110.20		11.47

		S3(2)		41.15		18.51		57.38		16.23		12.32		87.68				T6		S1(95%), A1(5%)		106.83		8.58

		S4(1)		41.73		16.78		57.28		15.55		7.33		92.67				T7		S1(95%), A2(5%)		106.83		14.72

		S4(2)		41.37		16.25		56.59		15.22		6.34		93.66				T8		S1(95%), A3(5%)		106.83		7.79

		S5(1)		56.24		18.61		71.60		15.36		17.46		82.54				T9		S1(93%), A4(2%), A1(5%)		104.58		11.47		8.58

		S5(2)		41.18		18.54		56.34		15.16		18.23		81.77				T10		S1(93%), A4(2%), A2(5%)		104.58		11.47		14.72

		S6(1)		41.05		15.92		52.74		11.69		26.57		73.43				T11		S1(93%), A4(2%), A3(5%)		104.58		11.47		7.79

		S6(2)		41.15		16.00		53.05		11.90		25.63		74.38				T12		S2 control		108.00

																		T13		S2, A1(10%)		97.20		17.17

		Amendment:		Tin wt		sample (W1)		Tin+Sample (dry)		sample (W2)		% moisture		% solids				T14		S2, A2(10%)		97.20		29.43

		A1(1)		31.77		10.05		37.68		5.91		41.19		58.81				T15		S2, A3(10%)		97.20		15.59

		A1(2)		32.32		10.07		38.15		5.83		42.11		57.89				T16		S2, A4(2%)		105.84		11.47

		A1(3)		33.07		10.09		38.88		5.81		42.42		57.58				T17		S2, A1(5%)		102.60		8.58

		A1(4)		32.23		10.06		38.09		5.86		41.75		58.25				T18		S2, A2(5%)		102.60		14.72

		A1(5)		21.96		10.02		27.81		5.85		41.62		58.38				T19		S2, A3(5%)		102.60		7.79

		A1(6)		27.63		10.18		33.59		5.96		41.45		58.55				T20		S2, A4(2%), A1(5%)		100.44		11.47		8.58

		A2(1)		32.29		10.06		35.71		3.42		66.00		34.00				T21		S2, A4(2%), A2(5%)		100.44		11.47		14.72

		A2(2)		33.01		10.10		36.44		3.43		66.04		33.96				T22		S2, A4(2%), A3(5%)		100.44		11.47		7.79

		A3(1)		32.23		10.09		38.69		6.46		35.98		64.02				T23		S3, control		114.11

		A3(2)		32.32		10.05		38.78		6.46		35.72		64.28				T24		S3, A1(10%)		102.70		17.17

		A4(1)		32.52		10.30		34.29		1.77		82.82		17.18				T25		S3, A2(10%)		102.70		29.43

		A4(2)		22.83		10.23		24.64		1.81		82.31		17.69				T26		S3, A3(10%)		102.70		15.59

																		T27		S3, A4(2%)		111.83		11.47

		Soils Key:																T28		S3, A1(5%)		108.40		8.58

		S1 = Tacoma																T29		S3, A2(5%)		108.40		14.72

		S2 = Eastern school																T30		S3, A3(5%)		108.40		7.79

		S3 = Arizona mine tailings A																T31		S3, A4(2%), A1(5%)		106.12		11.47		8.58

		S4 = Arizona mine tailings B																T32		S3, A4(2%), A2(5%)		106.12		11.47		14.72

		S5 = Vashon Island Soil A																T33		S3, A4(2%), A3(5%)		106.12		11.47		7.79

		S6 = Vashon Island Soil B																T34		S4, control		107.34

																		T35		S4, A1(10%)		96.60		17.17

		Amendments Key:																T36		S4, A2(10%)		96.60		29.43

		A1 = GroCo																T37		S4, A3(10%)		96.60		15.59

		A2 = SteerCo																T38		S4, A4(2%)		105.19		11.47

		A3 = Philadelphia biosolids compost																T39		S4, A1(5%)		101.97		8.58

		A4 = Everett BWS																T40		S4, A2(5%)		101.97		14.72

																		T41		S4, A3(5%)		101.97		7.79

																		T42		S4, A4(2%), A1(5%)		99.82		11.47		8.58

																		T43		S4, A4(2%), A2(5%)		99.82		11.47		14.72

																		T44		S4, A4(2%), A3(5%)		99.82		11.47		7.79

																		T45		S5, control		121.72

																		T46		S5, A1(10%)		109.55		17.17

																		T47		S5, A2(10%)		109.55		29.43

																		T48		S5, A3(10%)		109.55		15.59

																		T49		S5, A4(2%)		119.29		11.47

																		T50		S5, A1(5%)		115.64		8.58

																		T51		S5, A2(5%)		115.64		14.72

																		T52		S5, A3(5%)		115.64		7.79

																		T53		S5, A4(2%), A1(5%)		113.20		11.47		8.57

																		T54		S5, A4(2%), A2(5%)		113.20		11.47		14.72

																		T55		S5, A4(2%), A3(5%)		113.20		11.47		7.79

																		T56		S6, control		135.31

																		T57		S6, A1(10%)		121.78		17.17

																		T58		S6, A2(10%)		121.78		29.43

																		T59		S6, A3(10%)		121.78		15.59

																		T60		S6, A4(2%)		132.61		11.47

																		T61		S6, A1(5%)		128.55		8.58

																		T62		S6, A2(5%)		128.55		14.72

																		T63		S6, A3(5%)		128.55		7.79

																		T64		S6, A4(2%), A1(5%)		125.84		11.47		8.58

																		T65		S6, A4(2%), A2(5%)		125.84		11.47		14.72

																		T66		S6, A4(2%), A3(5%)		125.84		11.47		7.79
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																																		S1 = Tacoma

								AA VALUES FOR TOTAL PB AND AS ON 3050 DIGESTS																MTD STD PB=1162+31 AND AS 105+8										S2 = Eastern school

																																		S3 = Arizona mine tailings A

						SAMPLE														AA AS		AA PB		SOIL PB		SOIL AS								S4 = Arizona mine tailings B

								Rep		SOIL		TRT				SAMPP ID		WGT										SOIL PH		SOIL C%		SOIL N%		S5 = Vashon Island Soil A

		S1		TAC		1		1		TAC						S1		1.09		5.8		11.93		273.62		133.0								S6 = Vashon Island Soil B

		S2		EWA		2		2		EWA						S2		1.09		3.39		39.93		915.83		77.8

		S3		AZA		3		3		AZA						S3		1.07		7.98		53.42		24962.62		186.4								Amendments Key:

		S4		AZB		4		4		AZB						S4		1.12		4.12		90.1		2011.16		92.0								A1 = GroCo

		S5		VI1		5		5		VI1						S5		1.16		1.09		5.56		119.83		23.5		0.2						A2 = SteerCo

		S6		VI2		6		6		VI2						S6		1.09		3.39		8.53		195.64		77.8								A3 = Philadelphia biosolids compost

		BLANK		BLK		7		7		BLK						BLANK		**		-0.27		0.46		0.00		0.0								A4 = Everett BWS

		A1		GROCO		9		9		GROCO						A1		1.03		355		0.7		16.99		8616.5

		A2		STEERCO		10		10		STEERCO						A2		1.03		57		0.45		10.92		1383.5

		A3		PBC		11		11		PBC						A3		1.02		771		3.52		86.27		18897.1

		A4		WTR		12		12		WTR						A4		1.00		4136		0.47		11.75		103400.0

		BLANK		BLK		16		16		BLK						BLANK		**		-1.23		0.47		0.00		0.0

		MTN STND		MTD STD		17		17		MTD STD						MONT STND		0.64		0.48		28.61		1117.58		18.8

		S1		TAC		18		18		TAC						S1		1.00		6.53		11.69		292.25		163.3

		S2		EWA		19		19		EWA						S2		1.09		3.81		39.02		894.95		87.4

		S3		AZA		20		20		AZA						S3		1.13		6.38		54.75		24225.66		141.2

		S4		AZB		21		21		AZB						S4		1.09		4.69		84.23		1931.88		107.6

		S5		VI1		22		22		VI1						S5		1.05		1.8		5.07		120.71		42.9

		S6		VI2		23		23		VI2						S6		1.10		2.87		8.58		195.00		65.2

		MTN STND		MTD STD		27		27		MTD STD						MONT STND		0.51		1.26		22.38		1097.06		61.8

		BLANK		BLK		28		28		BLK						BLANK		**		0.37		0.23		0.00		0.0

		A1		GROCO		29		29		GROCO						A1		1.00		470		0.81		20.25		11750.0

		A2		STEERCO		30		30		STEERCO						A2		1.07		52		0.52		12.15		1215.0

		A3		PBC		31		31		PBC						A3		1.06		1193		3.63		85.61		28136.8

		A4		WTR		32		32		WTR						A4		1.08				0.74		17.13		0.0

		MTN STND		MTD STD		33		33		MTD STD						MONT STND		0.65		1.33		24.08		926.15		51.2

								Rep		SOIL		TRT		RATE		SAMPP ID		WGT										SOIL PH		SOIL C%		SOIL N%		S5 = Vashon Island Soil A												SOIL PB		SOIL AS

								Rep																														TAC		CON				1a		285.5		260.85

								35		TAC		CON				1a		0.50		5217		5.71		285.50		260.9		4.39										TAC		CON				1b		281.4655172414		265.5603448276

								36		TAC		CON				1b		0.58		6161		6.53		281.47		265.6		4.4										TAC		GROCO		10%		2a		279.2452830189		239.2924528302

								37		TAC		GROCO		10%		2a		0.53		5073		5.92		279.25		239.3		4.78										TAC		GROCO		10%		2b		267.1641791045		247.9104477612

								38		TAC		GROCO		10%		2b		0.67		6644		7.16		267.16		247.9		4.74										TAC		STEERCO		10%		3a		281.5		237.3

								39		TAC		STEERCO		10%		3a		0.50		4746		5.63		281.50		237.3		5.22										TAC		STEERCO		10%		3b		228.8461538462		208.9423076923

								40		TAC		STEERCO		10%		3b		0.52		4346		4.76		228.85		208.9		5.23										MTD STD						MONT STND		1069		112.6

								41		MTD STD						MONT STND		0.25		1126		10.69		1069.00		112.6												BLK						BLANK

								42		BLK						BLANK		**		-87		-0.03		0.00		0.0												TAC		PBC		10%		4a		300.9090909091		221.9090909091

								43		TAC		PBC		10%		4a		0.55		4882		6.62		300.91		221.9		5.52										TAC		PBC		10%		4b		277.5		218.15

								44		TAC		PBC		10%		4b		0.50		4363		5.55		277.50		218.2		5.56										TAC		WTR		2%		5a		286.320754717		292.5

								45		TAC		WTR		2%		5a		0.53		6201		6.07		286.32		292.5		4.63										TAC		WTR		2%		5b		279.9019607843		237.5490196078

								46		TAC		WTR		2%		5b		0.51		4846		5.71		279.90		237.5		4.72										TAC		GROCO		5%		6		316.8269230769		242.9807692308

								47		TAC		GROCO		5%		6		0.52		5054		6.59		316.83		243.0		4.59										TAC		STEERC0		5%		7		258.1730769231		247.2596153846

								48		TAC		STEERC0		5%		7		0.52		5143		5.37		258.17		247.3		4.78										BLK						BLANK

								49		BLK						BLANK		**		-15		-0.14		0.00		0.0												TAC		PBC		5%		8		299.5283018868		226.0377358491

								50		TAC		PBC		5%		8		0.53		4792		6.35		299.53		226.0		5.03										TAC		WTR+GROCO		2%5%		9		324		297.8

								51		TAC		WTR+GROCO		2%5%		9		0.50		5956		6.48		324.00		297.8		4.97										MTD STD						MONT STND		1060.5769230769		129.3269230769

								52		MTD STD						MONT STND		0.26		1345		11.03		1060.58		129.3												TAC		WTR+STEERCO		2%5%		10		288.9423076923		300.9615384615

								53		TAC		WTR+STEERCO		2%5%		10		0.52		6260		6.01		288.94		301.0		5.16										TAC		WTR+PBC		2%5%		11		306.1320754717		269.5283018868

								54		TAC		WTR+PBC		2%5%		11		0.53		5714		6.49		306.13		269.5		4.84										EWA		CON				12a		833		155.35

								55		EWA		CON				12a		0.50		3107		16.66		833.00		155.4		4.78										EWA		CON				12b		1011.5		181.15

								56		EWA		CON				12b		0.50		3623		20.23		1011.50		181.2		4.77										BLK						BLANK

								57		BLK						BLANK		**		-38		-0.21		0.00		0.0												EWA		GROCO		10%		13a		710		142.45

								58		EWA		GROCO		10%		13a		0.50		2849		14.2		710.00		142.5		5.46										EWA		GROCO		10%		13b		715.0943396226		131.1320754717

								59		EWA		GROCO		10%		13b		0.53		2780		15.16		715.09		131.1		5.66										EWA		STEERCO		10%		14a		679.7169811321		124.4339622642

								60		EWA		STEERCO		10%		14a		0.53		2638		14.41		679.72		124.4		5.78										MTD STD						MONT STND		996		80.5

								61		MTD STD						MONT STND		0.25		805		9.96		996.00		80.5												EWA		STEERCO		10%		14b		677		115.95

								62		EWA		STEERCO		10%		14b		0.50		2319		13.54		677.00		116.0		5.91										EWA		PBC		10%		15a		879		173.65

								63		EWA		PBC		10%		15a		0.50		3473		17.58		879.00		173.7		6.16										EWA		PBC		10%		15b		886.5		134.15

								64		EWA		PBC		10%		15b		0.50		2683		17.73		886.50		134.2		6.19										EWA		WTR		2%		16a		904.1666666667		194.1203703704

								65		EWA		WTR		2%		16a		0.54		4193		19.53		904.17		194.1		5.21										EWA		WTR		2%		16b		877.4038461538		180.9615384615

								66		EWA		WTR		2%		16b		0.52		3764		18.25		877.40		181.0		6.19										EWA		GROCO		5%		17a		876.5		183

								67		EWA		GROCO		5%		17a		0.50		3660		17.53		876.50		183.0		5.05										EWA		GROCO		5%		17b		936		180

								68		EWA		GROCO		5%		17b		0.50		3600		18.72		936.00		180.0		5.01										EWA		STEERC0		5%		18a		908		187.9

								69		EWA		STEERC0		5%		18a		0.50		3758		18.16		908.00		187.9		5.34										EWA		STEERC0		5%		18b		777.7777777778		147.1296296296

								70		EWA		STEERC0		5%		18b		0.54		3178		16.8		777.78		147.1		5.35										BLK						BLANK

								71		BLK						BLANK		**		91		-0.25		0.00		0.0												EWA		PBC		5%		19a		926.9230769231		153.3173076923

								72		EWA		PBC		5%		19a		0.52		3189		19.28		926.92		153.3		5.77										MTD STD						MONT STND		1028.4482758621		90.6896551724

								73		MTD STD						MONT STND		0.29		1052		11.93		1028.45		90.7												EWA		PBC		5%		19b		813.8888888889		154.1666666667

								74		EWA		PBC		5%		19b		0.54		3330		17.58		813.89		154.2		5.71										EWA		WTR+GROCO		2%5%		20a		860		139

								75		EWA		WTR+GROCO		2%5%		20a		0.50		2780		17.2		860.00		139.0		5.33										EWA		WTR+GROCO		2%5%		20b		828.431372549		180.4901960784

								76		EWA		WTR+GROCO		2%5%		20b		0.51		3682		16.9		828.43		180.5		5.29										EWA		WTR+STEERCO		2%5%		21a		794.4444444444		152.8703703704

								77		EWA		WTR+STEERCO		2%5%		21a		0.54		3302		17.16		794.44		152.9		5.62										EWA		WTR+STEERCO		2%5%		21b		782.2115384615		136.5865384615

								78		EWA		WTR+STEERCO		2%5%		21b		0.52		2841		16.27		782.21		136.6		5.46										BLK						BLANK

								79		BLK						BLANK		**		24		-0.33		0.00		0.0												EWA		WTR+PBC		2%5%		22a		803.5		139.7

								80		EWA		WTR+PBC		2%5%		22a		0.50		2794		16.07		803.50		139.7		4.49										EWA		WTR+PBC		2%5%		22b		770.5		147.7

								81		EWA		WTR+PBC		2%5%		22b		0.50		2954		15.41		770.50		147.7		4.7										AZA		CON				23				318.65

										AZA		CON				23		0.50		6373		124.6		37380.00		318.7		2.72										MTD STD						MONT STND		1058.6538461539		98.5576923077

								83		MTD STD						MONT STND		0.26		1025		11.01		6351.92		98.6												AZA		GROCO		10%		24				233.5909090909

								84		AZA		GROCO		10%		24		0.55		5139		110.3		30081.82		233.6		3.3										AZA		STD								0

								85		STD		STD						0.25		-13		0.47		282.00		0.0												AZA		STEERC0		10%						267.1568627451

								86		AZA		STEERC0		10%		25		0.51		5450		113.5		33382.35		267.2												AZA		PBC		10%						253.6574074074

								87		AZA		PBC		10%		26		0.54		5479		117.1		32527.78		253.7												BLK

								88		BLK										-74		0.2		0.00		0.0												AZA		WTR		2%						303.0769230769

								89		AZA		WTR		2%		27		0.52		6304		125.1		36086.54		303.1												AZA		GROCO		5%						306.6346153846

								90		AZA		GROCO		5%		28		0.52		6378		131.1		37817.31		306.6												AZA		STEERC0		5%						281.2962962963

								91		AZA		STEERC0		5%		29		0.54		6076		127.8		35500.00		281.3												AZA		PBC		5%						260.05

								92		AZA		PBC		5%		30		0.5		5201		117.2		35160.00		260.1												AZA		PBC		5%						282.8

								93		AZA		PBC		5%		30		0.5		5656		118.3		35490.00		282.8												AZA		WTR+GROCO		2%5%						278.5294117647

								94		AZA		WTR+GROCO		2%5%		31		0.51		5682		120.4		35411.76		278.5												BLK

								95		BLK										-123		0.47		0.00		0.0												AZA		WTR+STEERCO		2%5%						235.0490196078

								96		AZA		WTR+STEERCO		2%5%		32		0.51		4795		109.5		32205.88		235.0												AZA		WTR+PBC		2%5%						269.6

								97		AZA		WTR+PBC		2%5%		33		0.5		5392		116.7		35010.00		269.6												AZB		CON								195.8333333333

								98		AZB		CON				34		0.51		3995		63.93				195.8												AZB		GROCO		10%						178.05

								99		AZB		GROCO		10%		35		0.5		3561		55.74				178.1												AZB		GROCO		10%						176.1

								100		AZB		GROCO		10%		35		0.5		3522		57.27				176.1												AZB		STEERC0		10%						186.3235294118

								101		AZB		STEERC0		10%		36		0.51		3801		56.53				186.3												BLK

								102		BLK										-92		-0.01				0.0												AZB		PBC		10%						173.7980769231

								103		AZB		PBC		10%		37		0.52		3615		59.65				173.8												AZB		WTR		2%						172.05

								104		AZB		WTR		2%		38		0.5		3441		60.33				172.1												AZB		GROCO		5%						166.95

								105		AZB		GROCO		5%		39		0.5		3339		56.9				167.0												AZB		STEERC0		5%						165.15

								106		AZB		STEERC0		5%		40		0.5		3303		59.01				165.2												BLK

								107		BLK										16		-0.06				0.0												AZB		PBC		5%						190.35

								108		AZB		PBC		5%		41		0.5		3807		60.01				190.4												AZB		PBC		5%						182.2

								109		AZB		PBC		5%		41		0.5		3644		59.35				182.2												AZB		WTR+GROCO		2%5%						215.6

								110		AZB		WTR+GROCO		2%5%		42		0.5		4312		58.53				215.6												AZB		WTR+STEERCO		2%5%						185.2

								111		AZB		WTR+STEERCO		2%5%		43		0.5		3704		56.89				185.2												AZB		WTR+PBC		2%5%						211.2

								112		AZB		WTR+PBC		2%5%		44		0.5		4224		59.42				211.2												VI1		CON				a				96.9

								113		VI1		CON				45a		0.5		1938		4.08		204		96.9												VI1		CON				b				92.4

								114		VI1		CON				45b		0.5		1848		4.07				92.4												VI1		GROCO		10%		a				94.7058823529

								115		VI1		GROCO		10%		46a		0.51		1932		3.44				94.7												VI1		GROCO		10%		b				84.4117647059

								116		VI1		GROCO		10%		46b		0.51		1722		3.53				84.4												VI1		STEERC0		10%		a				81.1764705882

								117		VI1		STEERC0		10%		47a		0.51		1656		3.16				81.2												VI1		STEERC0		10%		b				87.1698113208

								118		VI1		STEERC0		10%		47b		0.53		1848		3.79				87.2												VI1		PBC		10%		a				96.7647058824

								119		VI1		PBC		10%		48a		0.51		1974		4.81				96.8												VI1		PBC		10%		b				93.3

								120		VI1		PBC		10%		48b		0.5		1866		4.24				93.3												STD		SLUDGE								7

								121		STD		SLUDGE						0.3		84		2.29				7.0												BLK		BLK

								122		BLK		BLK								24		0.02				0.0												VI1		WTR		2%		a				115.2941176471

								123		VI1		WTR		2%		49a		0.51		2352		4.31				115.3												VI1		WTR		2%		b				105

								124		VI1		WTR		2%		49b		0.54		2268		4.48				105.0												VI1		WTR		2%		b				105.6

								125		VI1		WTR		2%		49b		0.5		2112		4.14				105.6												VI1		GROCO		5%		a				102.0588235294

								126		VI1		GROCO		5%		50a		0.51		2082		3.9				102.1												VI1		GROCO		5%		b				96.0576923077

								127		VI1		GROCO		5%		50b		0.52		1998		4.01				96.1												BLK

								128		BLK										72		0.02				0.0												VI1		STEERC0		5%		a				98.9423076923

								129		VI1		STEERC0		5%		51a		0.52		2058		3.9				98.9												VI1		STEERC0		5%		b				95.8823529412

								130		VI1		STEERC0		5%		51b		0.51		1956		3.9				95.9												VI1		PBC		5%		a				103.5576923077

								131		VI1		PBC		5%		52a		0.52		2154		4.58				103.6												VI1		PBC		5%		b				100.8823529412

								132		VI1		PBC		5%		52b		0.51		2058		4.96				100.9												VI1		PBC		5%		b				114.8076923077

								133		VI1		PBC		5%		52b		0.52		2388		4.98				114.8												VI1		BLK

								134		VI1		BLK				blk				30		0.02				0.0												VI1		WTR+GROCO		2%5%		a				115.5

								135		VI1		WTR+GROCO		2%5%		53a		0.5		2310		3.96				115.5												VI1		WTR+GROCO		2%5%		b				98.4

								136		VI1		WTR+GROCO		2%5%		53b		0.5		1968		3.6				98.4												VI1		WTR+STEERCO		2%5%		a				128.2352941176

								137		VI1		WTR+STEERCO		2%5%		54a		0.51		2616		4.53				128.2												VI1		WTR+STEERCO		2%5%		b				115.2941176471

								138		VI1		WTR+STEERCO		2%5%		54b		0.51		2352		4.67				115.3												VI1		WTR+PBC		2%5%		a				120.9

								139		VI1		WTR+PBC		2%5%		55a		0.5		2418		3.78				120.9												VI1		WTR+PBC		2%5%		b				104.1176470588

								140		VI1		WTR+PBC		2%5%		55b		0.51		2124		5.05				104.1

								141		sludge						std		0.25		84		1.79				8.4

								142		BLK								0		48		0.01

								143		VIB						56a		0.51		5082		9.21

								144		VIB						56a		0.54		4764		9.52

								145		VIB						56b		0.52		3438		5.37

								146		VIB						57a		0.5		3174		5.53

								147		VIB						57b		0.55		3198		5.83

								148		VIB						58a		0.57		2916		5.96

								149		VIB						58b		0.5		2574		5.05

								150		blk								0		90		0.06

								151		VIB						59a		0.5		2460		5.76

								152		VIB						59b		0.5		3018		5.71

								153		VIB						59b		0.51		2874		5.61

								154		VIB						60a		0.53		2082		3.72

								155		VIB						60b		0.5		2892		5.43

								156		VIB						61a		0.51		3120		5.47

								157		VIB						61b		0.55		3444		6.48

								158		blk								0		78		0.03

								159		VIB						62a		0.5		2970		5.25

								160		VIB						62b		0.5		2550		5.32

								161		VIB						63a		0.5		2868		5.6

								162		VIB						63b		0.5		2958		5.65

								163		VIB						64a		0.54		3294		5.87

								164		VIB						64b		0.52		2868		5.47

								165		VIB						64b		0.52		3606		5.62

								166		VIB						65a		0.5		3006		5.94

								167		blk								0		456		-0.03

								168		VIB						65b		0.51		2880		5.46

								169		VIB						66a		0.54		3576		5.9

								170		VIB						66b		0.53		3306		5.75
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								PBET USING PH 2.2 GLYCINE BUFFERED .35 G SOIL TO 35 MLS LIQUID

				SAMP				TRT		SOIL		AMEND		RATE		SOIL		TRT		RATE		WGT		SOIL AS		SOIL PB		AA PBETPB		PBET FUR AS				%Pb avail		%As avail

				1		1a		1a								TAC		CON				0.35		260.85		285.50		2.68		900		90		0.94		0.35

				2		1b		1b								TAC		CON				0.35		265.5603448276		281.47		2.48		838		83.8		0.88		0.32

				3		2a		2a								TAC		GROCO		10%		0.34		239.2924528302		279.25		2.37		902		92.9		0.85		0.38

				4		2b		2b								TAC		GROCO		10%		0.35		247.9104477612		267.16		2.41		1160		116.0		0.90		0.47

				5		3a		3a								TAC		STEERCO		10%		0.34		237.3		281.50		2.24		848		87.3		0.80		0.36

				6		3b		3b								TAC		STEERCO		10%		0.36		208.9423076923		228.85		2.22		880		85.6		0.97		0.42

				7		4a		4a								TAC		PBC		10%		0.35		221.9090909091		300.91		1.51		838		83.8		0.50		0.38

				8		4b		4b								TAC		PBC		10%		0.34		218.15		277.50		1.46		865		89.0		0.53		0.40

				10		5a		5a								TAC		WTR		2%		0.34		292.5		286.32		2.52		916		94.3		0.88		0.31

				11		5b		5b								TAC		WTR		2%		0.35		237.5490196078		279.90		2.53		989		98.9		0.90		0.42

				12		6		6								TAC		GROCO		5%		0.36		242.9807692308		316.83		2.16		919		89.3		0.68		0.38

				13		6		6								TAC		GROCO		5%		0.34		242.9807692308		316.83		1.95		845		87.0		0.62		0.35

				14		7		7								TAC		STEERCO		5%		0.34		247.2596153846		258.17		1.96		956		98.4		0.76		0.39

				15		8		8								TAC		PBC		5%		0.35		226.0377358491		299.53		1.86		999		99.9		0.62		0.44

				16		9		9								TAC		WTR +GROCO		2%5%		0.35		297.8		324.00		2.75		1086		108.6		0.85		0.36

				17		10		10								TAC		WTR+STEERCO		2%5%		0.34		300.9615384615		288.94		2.02		1104		113.6		0.70		0.37

				18		11		11								TAC		WTR+PBC		2%5%		0.34		269.5283018868		306.13		1.8		1037		106.8		0.59		0.38

				20		12a		12a								EWA		CON				0.35		155.35		833.00		8.48		1017		101.7		1.02		0.65

				22		12b		12b								EWA		CON				0.35		181.15		1011.50		8.1		918		91.8		0.80		0.51

				23		13a		13a								EWA		GROCO		10%		0.35		142.45		710.00		6.01		784		78.4		0.85		0.55

				24		13b		13b								EWA		GROCO		10%		0.34		131.1320754717		715.09		6.37		825		84.9		0.89		0.63

				25		14a		14a								EWA		STEERCO		10%		0.35		124.4339622642		679.72		5.81		796		79.6		0.85		0.64

				26		14a		14a								EWA		STEERCO		10%		0.34		124.4339622642		679.72		5.09		746		76.8		0.75		0.60

				27		14b		14b								EWA		STEERCO		10%		0.34		115.95		677.00		6.35		902		92.9		0.94		0.78

				28		15a		15a								EWA		PBC		10%		0.34		173.65		879.00		5.57		682		70.2		0.63		0.39

				29		15b		15b								EWA		PBC		10%		0.36		134.15		886.50		6.69		867		84.3		0.75		0.65

				30		16a		16a								EWA		WTR		2%		0.36		194.1203703704		904.17		9.58		1163		113.1		1.06		0.60

				32		16b		16b								EWA		WTR		2%		0.35		180.9615384615		877.40		8.03		910		91.0		0.92		0.50

				33		17a		17a								EWA		GROCO		5%		0.35		183		876.50		8.65		1123		112.3		0.99		0.61

				34		17b		17b								EWA		GROCO		5%		0.35		180		936.00		7.06		917		91.7		0.75		0.51

				35		18a		18a								EWA		STEERCO		5%		0.35		187.9		908.00		6.54		872		87.2		0.72		0.46

				36		18b		18b								EWA		STEERCO		5%		0.35		147.1296296296		777.78		5.99		826		82.6		0.77		0.56

				37		19a		19a								EWA		PBC		5%		0.35		153.3173076923		926.92		7.23		852		85.2		0.78		0.56

				38		19b		19b								EWA		PBC		5%		0.35		154.1666666667		813.89		6.53		741		74.1		0.80		0.48

				39		19b		19b								EWA		PBC		5%		0.35		154.1666666667		813.89		6.73		905		90.5		0.83		0.59

				41		20a		20a								EWA		WTR +GROCO		2%5%		0.35		183		876.50		7.32		880		88.0		0.84		0.48

				131		20B										EWA		WTR+GROCO		2%5%		0.35		180.4901960784		828.43		6.74		737				0.81		0.41

				43		21a		21a		broke						EWA		WTR+STEERCO		2%5%		0.35		152.8703703704		794.44		6.87		884		88.4		0.86		0.58

				44		21b		21b								EWA		WTR+STEERCO		2%5%		0.35		136.5865384615		782.21		8.06		952		95.2		1.03		0.70

				45		22a		22a								EWA		WTR+PBC		2%5%		0.35		139.7		803.50		6.9		760		76.0		0.86		0.54

				46		22b										EWA		WTR+PBC		2%5%		0.35		147.7		770.50		6.62		777		77.7		0.86		0.53

				47		23		23								AZA		CON				0.35		318.65		31150.00		61.85		39		3.9		0.20		0.01

				48				mtd								AZA						0.35								830		83.0		0.00		0.00

				49		24		24								AZA		GROCO		10%		0.35		233.5909090909		30081.82		82.44		171		17.1		0.27		0.07										0.65

				50		25		25								AZA		STEERCO		10%		0.35		267.1568627451		33382.35		73.22		33		3.3		0.22		0.01

				51		25		25								AZA		STEERCO		10%		0.35		267.1568627451		33382.35		63.44		43		4.3		0.19		0.02

				53		26		26								AZA		PBC		10%		0.35		253.6574074074		32527.78		62.49		22		2.2		0.19		0.01

				54		27		27								AZA		WTR		2%		0.35		303.0769230769		36086.54		58.53		425		42.5		0.16		0.14

				55		28		28								AZA		GROCO		5%		0.35		306.6346153846		37817.31		49.74		36		3.6		0.13		0.01

				56		29		29								AZA		STEERCO		5%		0.35		281.2962962963		35500.00		67.55		178		17.8		0.19		0.06

				57		30		30								AZA		PBC		5%		0.35		260.05		35160.00		55.28		83		8.3		0.16		0.03

				58		31		31								AZA		WTR +GROCO		2%5%		0.35		278.5294117647		35411.76		54.27		203		20.3		0.15		0.07

				59		32		32								AZA		WTR+STEERCO		2%5%		0.35		235.0490196078		32205.88		67.4		153		15.3		0.21		0.07

				60		33		33								AZA		WTR+PBC		2%5%		0.35		269.6		35010.00		49.72		547		54.7		0.14		0.20

				61		34		34								AZB		CON				0.35		195.8333333333		3133.82		0.65		164		16.4		0.02		0.08

				62		35		35								AZB		GROCO		10%		0.35		178.05		2787.00		0.53		189		18.9		0.02		0.11

				63		36		36								AZB		STEERCO		10%		0.34		186.3235294118		2771.08		0.36		182		18.7		0.01		0.10

				64		37		37								AZB		PBC		10%		0.35		173.7980769231		2867.79		0.44		249		24.9		0.02		0.14

				65		38		38								AZB		WTR		2%		0.35		172.05		3016.50		0.52		284		28.4		0.02		0.17

				67		39		39								AZB		GROCO		5%		0.33		166.95		2845.00		0.58		112		11.9		0.02		0.07

				68		40		40								AZB		STEERCO		5%		0.34		165.15		2950.50		0.57		94		9.7		0.02		0.06

				69		41		41								AZB		PBC		5%		0.35		190.35		3000.50		0.52		80		8.0		0.02		0.04

				70		42		42								AZB		WTR +GROCO		2%5%		0.35		215.6		2926.50		0.56		109		10.9		0.02		0.05

				71		43		43								AZB		WTR+STEERCO		2%5%		0.35		185.2		2844.50		0.54		92		9.2		0.02		0.05

				72		44		44								AZB		WTR+PBC		2%5%		0.35		211.2		2971.00		0.68		85		8.5		0.02		0.04

				73		45A		45a								VIA		CON				0.35		96.9		204.00		1.81		488		48.8		0.89		0.50

				78		45B		45b								VIA		CON				0.35		92.4		203.50		1.99		512		51.2		0.98		0.55

				79		46A		46a								VIA		GROCO		10%		0.34		94.7058823529		168.63		1.46		309		31.8		0.87		0.33

				81		46B		46b								VIA		GROCO		10%		0.36		84.4117647059		173.04		1.38		418		40.6		0.80		0.50

				82		47A		47a								VIA		STEERCO		10%		0.34		81.1764705882		154.90		1.83		417		42.9		1.18		0.51

				84		47B		47b								VIA		STEERCO		10%		0.34		87.1698113208		178.77		1.46		366		37.7		0.82		0.42

				85		48A		48a								VIA		PBC		10%		0.34		96.7647058824		235.78		1.12		349		35.9		0.48		0.36

				86		48B		48b								VIA		PBC		10%		0.36		93.3		212.00		1.23		370		36.0		0.58		0.40

				87		49A		49a								VIA		WTR		2%		0.35		115.2941176471		211.27		1.94		610		61.0		0.92		0.53

				88		49B		49b								VIA		WTR		2%		0.35		105		207.41		2.03		558		55.8		0.98		0.53

				89		50A		50a								VIA		GROCO		5%		0.35		102.0588235294		191.18		1.51		384		38.4		0.79		0.38

				90		50B		50a								VIA		GROCO		5%		0.35		96.0576923077		192.79		1.55		490		49.0		0.80		0.51

				91		51A		51a								VIA		STEERCO		5%		0.36		98.9423076923		187.50		1.37		460		44.7		0.73		0.46

				92		51B		51b								VIA		STEERCO		5%		0.37		95.8823529412		191.18		1.69		457		43.2		0.88		0.48

				93		52A										VIA		PBC		5%		0.35		100.8823529412		243.14				323		32.3		0.00		0.32

				96		52B		52b								VIA		PBC		5%		0		114.8076923077		239.42		1.29		413				0.54		0.36

				97		52B		52b								VIA		PBC		5%		0.38		114.8076923077		239.42		1.18		317				0.49		0.28

				98		53A		53a								VIA		WTR +GROCO		2%5%		0.35		115.5		198.00		0.78		418				0.39		0.36

				99		53B		53b								VIA		WTR +GROCO		2%5%		0.35		98.4		180.00		1.54		399				0.86		0.41

				100		54A		54a								VIA		WTR+STEERCO		2%5%		0.34		128.2352941176		222.06		1.74		386				0.78		0.30

				101		54B										VIA		WTR+STEERCO		2%5%		0.35		115.2941176471		228.92		1.74		377				0.76		0.33

				102		55A										VIA		WTR+PBC		2%5%		0.36		120.9		189.00		1.12		330				0.59		0.27

				104		55B										VIA		WTR+PBC		2%5%		0.36		104.1176470588		247.55		1.19		328				0.48		0.32

				105		56A										VIB		CON				0.32		249.1176470588		451.47		2.42		544				0.54		0.22

				106		56B										VIB		CON				0.38		165.2884615385		258.17		1.56		370				0.60		0.22

				107		56B										VIB		CON				0.35		165.2884615385		258.17		1.57		325				0.61		0.20

				108		57A										VIB		GROCO		10%		0.37		158.7		276.50		1.94		518				0.70		0.33

				109		57B										VIB		GROCO		10%		0.36		145.3636363636		265.00		1.95		486		MTD STD		0.74		0.33

				111		58A										VIB		STEERCO		10%		0.34		127.8947368421		261.40		1.65		389				0.63		0.30

				112		58B										VIB		STEERCO		10%		0.35		128.7		252.50		1.75		445				0.69		0.35

				113		59A										VIB		PBC		10%		0.36		123		288.00		1.27		348				0.44		0.28

				114		59B										VIB		PBC		10%		0.35		150.9		285.50		1.2		344				0.42		0.23

				115		60A										VIB		WTR		2%		0.35		98.2075471698		175.47		1.81		463				1.03		0.47

				116		60B										VIB		WTR		2%		0.35		144.6		271.50		1.76		415				0.65		0.29

				117		61A										VIB		GROCO		5%		0.35		152.9411764706		268.14		1.82		488				0.68		0.32

				118		61B										VIB		GROCO		5%		0.35		156.5454545455		294.55		1.95		473				0.66		0.30

				120		62A										VIB		STEERCO		5%		0.35		148.5		262.50		1.66		356				0.63		0.24

				121		62A										VIB		STEERCO		5%		0.35		148.5		262.50		1.64		335				0.62		0.23

				122		62B										VIB		STEERCO		5%		0.35		127.5		266.00		1.54		338				0.58		0.27

				123		63A										VIB		PBC		5%		0.35		143.4		280.00		1.41		424				0.50		0.30

				124		63B										VIB		PBC		5%		0.34		147.9		282.50		1.55		392				0.55		0.27

				125		64A										VIB		WTR+GROCO		2%5%		0.36		152.5		271.76		1.84		458				0.68		0.30

				126		64B										VIB		WTR+GROCO		2%5%		0.34		150		262.98		1.72		515				0.65		0.34

				127		65A										VIB		WTR+STEERCO		2%5%		0.34		150.3		297.00		1.76		374				0.59		0.25

				128		65B										VIB		WTR+STEERCO		2%5%		0.36		141.1764705882		267.65		1.92		394				0.72		0.28

				129		66A										VIB		WTR+PBC		2%5%		0.34		165.5555555556		273.15		1.61		423				0.59		0.26

				130		66B										VIB		WTR+PBC		2%5%		0.34		155.9433962264		271.23		1.4		347				0.52		0.22

				21		blk		blk								EWA						0						-0.17		-16		0.0

								blk														0.35						0.12		1		0.1

				9		blk		blk								TAC						0						-0.04		-18		0.0

				119		BLK																						0.03		-12		BLK

				110		BLK																						0		-4

				103		BLK																						0.04		-20

				94		BLK		52a																				-0.03		-8		-0.8

				95		BLK		blk														0.35						0		-11

				74				blk								BLK		BLK				0						0.07		-4		0.0

				40		blk		blk								EWA						0.35						0.02		37		3.7

				19		mont		mtd														0.35						9.9		715		71.5

				76		MTD		mtd														0.36						12.23		843		82.0

				31		mtd		mtd								EWA												10.87		739		0.0
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McCleur Tailings Before & After



Sheldon Tailings Pile



The Problem

 Fugitive dust and direct contact result in As & Pb
exposures to wildlife and the public posing risks

 Contaminated runoff enters receiving waters and 
groundwater

 Increased exposure of pyritic (high iron and 
sulfide) mine waste to oxygen and water.
 Metal sulfide minerals are oxidized and dissolve into water.
 Microbially mediated acid generation occurs resulting in 

increased metal mobility.



Drainage Ditch Filled with Sediment & Tailings



Acid Mine Drainage at Toe of Tailings Pile



Cleanup Plan

 Site Drainage Improvements
 Grading
 French drain system to route run-on around tailings

 Excavation and removal of contaminated 
sediments in stream channel

 Reactive Cap Construction
 Vegetative barrier to direct exposure and fugitive dust
 Reduction of storm water infiltration to minimize Acid Mine 

Drainage  (AMD)



Erosion Control

 Revegetation of cap reduces sheet erosion during 
heavy rainfall.

 Install fiber rolls around culverts and across all 
vegetated slopes.



Workers Installing Drainage



Reactive Cap

 Organic mulch lower layer that isolates contaminated mine 
waste, slowly releases N and P, holds water, and helps plants 
grow long-term

 Upper vegetated layer that acts as a sponge
Use local source of borrow soil and Biosolids
Good growth media for establishing plants
Plant uptake, transpiration and evaporation help prevent 

water infiltration into tailings
 Multiple layers work together to seal in waste, store 

water, prevent erosion, and stem AMD generation



Reactive Cap



Import Quantities

 Approximately 4,390 cubic yards (cys) of Borrow 
Soil available at no cost from USFS. Located ~6 
miles from the site off of Walker Road

 Approximately 1,200 cys of composted wood 
mulch available at no cost from Sun Dog Ranch 
Road Transfer Station

 Approximately 364 cys (225 tons) of Exceptional 
Quality Class A sterile biosolid compost 



Workers Spreading Biosolids



Tractor Disking in Biosolids



Hydroseeding



Biosolids Amendment

 Class A Biosolids are essentially free of pathogens 
prior to land application 

 Exceptional Quality Biosolids have lower metals 
requirements than Class A or Class B Biosolids; same 
pathogen level as Class A Biosolids

 Synagro’s Arizona Soils Composting Facility used the 
windrow process and composted biosolids with 
green waste



Current Opportunities

 New partnership with CASA
 EPA currently has sites in NV, AZ, and CA that could 

benefit biosolids for land reclamation
 Jackson, CA (Argonaut Mine Superfund Site)
 San Benito County, CA (New Idria Mine Superfund Site)
 Eureka, Ft McDermitt, NV
 Navajo Nation, AZ & NM
 Partnership with San Francisco PUC
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