Trends in Chromium and Lead Concentrations in Petroleum Refinery Waste
Regulatory Developments
On September 8, 1994, EPA issued a final MACT rule that eliminated the use of chromium-based water treatment chemicals and subsequently chromium compound emissions from IPCTs.
On October 18, 2005, EPA proposed no changes to a rule that governs emissions of toxic air pollutants from IPCTs.

(EPA required to assess the residual risk remaining after the implementation of the 1994 standards.)
Waste Characterization Data

                                      Land Disposal Restrictions – BDAT Background Documents 
              Concentration Ranges of Selected Metals in Petroleum Refinery Listed Wastes (mg/kg)*

	
	Chromium
	Lead

	K048
	0.04 - 3435
	0.05 - 1250

	K049
	28.9 - 1400
	21.95 - 3900

	K050
	11 – 1600
	0.5 – 1100

	K051
	0.1 - 6790
	0.25 - 2480

	K052
	1.0 - 504
	11 - 5800

	K169
	9.7 - 310
	44 - 870

	K170
	8.4 - 34
	17 - 47

	F037
	12 - 2020
	22 - 4570

	F038
	2.5 - 2990
	<1 - 3900

	Composite

Range
	      0.04 – 6790****
	        0.05 – 5800*****

	Petroleum Coke ****
	1.3
	1.5


               *         Total waste characterization data from the Land Disposal Restrictions (LDR) Background Documents for K048-K052 (1988),
                          F037-F038(1992), and K169-172 (1998). 

               **        If ND or BDL was reported, the next largest value was used in determining the range. 

               ***      If the concentration was reported as a “less than” , the reported value was used without the “less than” designation. 
               ****    Data from Jacobs Engineering Company.  Assessment of Hazardous Waste Practices in the Petroleum Refining Industry, June 1976  

               *****  American Petroleum Institute.  1983.  1982 Refinery Solid Waste Survey.  Prepared by Environmental Resources Management
Recent Waste Characterization Data

Tesoro Mandan Refinery

K051 - API Separator Sludge

	Analyte
	Tesoro Material

1996  Tesoro Lab Analyses 2001 Sample Conc.

(mg/kg TOTAL)
	Tesoro Material

1996  Tesoro Lab Analyses 2001 Sample Conc.

(mg/L TCLP)
	Tesoro Material 2004 DGC Annual Report (Table 2)

Avg. Concentration

(mg/kg TOTAL)
	Tesoro Material 2004 DGC Annual Report (Table 2)

Avg. Concentration

(mg/L TCLP)
	Tesoro Material

NDDH Lab Analyses

Avg. Concentration

(mg/kg-TOTAL)

	Chromium (total)
	475
	<0.05
	47.33 (90% reduction)
	<0.05
	110 (76% reduction)

	Lead
	6550
	1.5
	1686 (74% reduction)
	0.485
	1760.23 (73% reduction)


 From: Revised Constituent List for a “Revised DGC/Tesoro RCRA Treatability Study Sampling and Analysis Plan”

Sinclair Casper Refining Company Evansville, Wyoming
 Heat Exchanger Cleaning Sludge and Leaded Tank Bottoms (K050/K052) Waste Characteristics

	Compound
	Sinclair Material

1993 (mg/kg)
	Sinclair Material

1994 (mg/kg)
	Sinclair Material

2006 (mg/kg)

	BTU
	---
	---
	7844 BTU/lb 

	Chromium, total,
	576
	230
	78 (86%  and 66% reductions)

	Lead, total
	210
	810
	251 


From:  State of Wyoming Department of Environmental Quality, Solid and Hazardous Waste Division, Hazardous Waste Management
Facility Permit for Sinclair Casper Refining Company, Evansville Wyoming.  July 5, 2006

Sinclair Casper Refining Company Evansville, Wyoming
 API Separator Sludge (K051) -- Laboratory Analytical Reports 
 (02.14.2003) 
	 Metal – Total Concentration
	Concentration (mg/kg)

	Chromium
	155

	Lead
	74


From:  State of Wyoming Department of Environmental Quality, Solid and Hazardous Waste Division, Hazardous Waste Management Facility Permit for Sinclair Casper Refining Company, Evansville Wyoming.  July 5, 2006

Sinclair Oil Corporation

Crude Oil Tank Sediment (K169-Solids) – Report of Analysis

Analysis Date 06.18.2003

	Metal - Total
	Concentration (mg/kg)

1995 Listing Document
	Concentration (mg/kg)

	Chromium
	51
	90  (76% increase)



	Lead
	320 
	172  (46% reduction)




From:  State of Wyoming Department of Environmental Quality, Solid and Hazardous Waste Division, Hazardous Waste Management Facility Permit for Sinclair Casper Refining Company, Evansville Wyoming.  July 5, 2006

Sinclair Oil – Caspar Refinery

Clarified Slurry Oil Sediment (K170) - Laboratory Analytical Report

Collection 03.20.2006  Analyzed 03.2006
	Metal – Total
	Concentration (mg/kg)

1995 Listing Document
	Concentration (mg/kg)

	Chromium
	25
	13  (48% reduction)



	Lead
	23 
	28  (21% increase)




From:  State of Wyoming Department of Environmental Quality, Solid and Hazardous Waste Division, Hazardous Waste Management Facility Permit for Sinclair Casper Refining Company, Evansville Wyoming.  July 5, 2006

Chromium and Lead Trend Data (1988-2007)

BP Whiting Refinery, Whiting, Indiana

	BDAT

List Constituent
	K048 

(1988)

mg/kg
	K048/F038 Mean

(2000-2006)

mg/kg
	K048/F038

Range

(2000-2006)
mg/kg
	K051

(1988)

mg/kg
	K051/F037

Mean

(2000-2006)

mg/kg
	K051-F037

Range

(2000-2006)

mg/kg
	F037/F038/

K048/K051 
Mean

(1995-1999)
mg/kg
	F037/F038/
K048/K051 

Range

(1995-1999)
mg/kg
	F037/F038/

K048/K051

Mean

(2003-2006)

mg/kg
	F037/F038/

K048/K051

Range

(2003-2006)

mg/kg

	Chromium

(total)
	810-960
	6.18

(54 data pts)
	<1-75.3.
	730-1100
	35.37

(54 data pts)
	0.32-89.9-
	4.98 

(27data pts)


	0.24-6.5
	20.2
(23 data pts)
	10-87.6

	Lead
	330-410
	91.8

(54 data pts)
	0.8-444
	640-940
	92.81

(54 data pts)
	0.8-571
	112.3

(27 data pts)
	19-460
	346.8

(23 data pts)
	164-1220


References:

1.  Best Demonstrated Available Technology (BDAT) Background Document for K048, K049, K050, K051, K052.  August 1988.

2.  EPA/530-SW-88-031C.  (USEPA.  Onsite Engineering Report of Treatment Technology Performance and Operation for Amoco Oil Company, Whiting Indiana.  February 29, 1998.)

3.  BP Whiting Refinery Incinerator Feed Data. 1995-2006.  January 2007.

4.  Heat of Combustion ranges between <100 - 6400 BTU /lb.
K048   Dissolved air flotation (DAF) float from the petroleum refining industry

F038   Secondary oil/water/solids separator sludge

K051   API separator sludge from the petroleum refining industry

F037   Primary oil/water/solids separator sludge

From:  Final Best Demonstrated Available Technology (BDAT) Background Document for Newly Listed Refinery Wastes F037 and F038.  June 30, 1992

“A comparison of F037 and F038 characterization data with those for K051 and K048 indicates that many of the constituents identified in K051 and K048 are also present at similar concentration in F037 and F038.  Based on the similarities of industry, processing stages, and waste characterization data between F037,F038,K048 and K051, the Agency believes that F037 and F038 can be treated to similar concentrations using identical technologies as those identified for K048 and K051.  EPA is therefore placing F037 and F038 into the same waste treatability group as K048-K052.”     

Analysis of Waste Characterization Data
 Comparison of Concentration Ranges of Selected Metals in Petroleum Refinery
Wastes (mg/kg) Between LDR Data and Newly Acquired Data*

	
	Chromium
	Lead

	
	LDR Data

1976-1994
	New Data

1995-2006
	LDR Data

1976-1994
	New Data 1995-2006

	K048
	0.04-3435
	<1-75.3
	0.05-1250
	0.8-444

	K049
	28.9-1400
	-----
	21.95-3900
	-----

	K050
	11-1600
	78
	0.5-1100
	251

	K051
	0.1-6790
	0.32-155 
	0.25-2480
	0.8-1760

	K052
	1.0-504
	78
	11-5800
	251

	K169
	9.7-310
	51-90
	44-870
	172-320 

	K170
	8.4-34
	13-25
	17-47
	23-28

	F037
	12-2020
	0.32-89.9
	22-4570
	0.8-571

	F038
	2.5-2990
	<1-75.3
	<1-3900
	0.8-444

	Composite

Range
	0.04-6790
	0.32-155
	0.05-5800
	0.8-1760


Relative Ranking of Generated Waste Quantities for Listed Petroleum Refinery Wastes

2003 Biennial Report

	Waste Code
	Description of Waste
	Relative Rank

Calculated Quantity Generated

(tons)
	Concentration Range Reported

Chromium
	Concentration Range Reported

Lead

	F037
	Primary oil/water/solids separator sludge 
	107,175
	0.32-89.9
	0.8-571

	K048
	Dissolved air flotation (DAF) float
	34,918
	<1-75.3
	0.8-444

	K169
	Crude oil tank sediment
	23,456
	51-90
	172-320

	K051
	API separator sludge
	8,198
	0.32-155
	0.8-1760

	K170
	Clarified slurry oil sediment
	4,238
	13-25
	23-28

	K050
	Heat exchange bundle cleaning sludge
	2,375
	78
	251

	K052
	Tank bottoms(leaded)
	1,334
	78
	251

	F038
	Secondary oil/water/solids separator sludge
	903
	<1-75.3
	0.8-444

	K049
	Slop oil emulsion solids
	645
	28.9-1400 (LDR data)
	21.95-3900(LDR data)


K171 – Spent hydrotreating catalyst (30,209  tons) and K172 – Spent hydrorefining catalyst (7,206 tons) are not included in this ranking.

TCLP Concentration Estimates for Selected Metals in Gasifier Bottoms  

2000 MTD Gasifier Feeding 90% Petroleum Coke/10% Petroleum Waste Composite

LOWER BOUND
	
	Chromium
	Lead

	Characteristic Level (mg/L TCLP)
	5.0
	5.0

	UTS (mg/L TCLP)
	0.60
	0.75

	Lower Bound 

Petroleum Waste Composite (mg/kg)
	0.04 
	0.05 

	Concentration in Petroleum Coke (mg/kg)
	1.3
	1.5

	Total Concentration of Metal in Gasifier Bottoms (mg/kg)
	11.54
	13.55

	TCLP Concentration in Gasifier Bottoms Using 20:1 Ratio (mg/L) (multiply by 0.05)
	0.577
	0.6775

	TCLP Concentration in Gasifier Bottoms Using 1000:1 Ratio (mg/L) (multiply by 0.001)
	0.01154
	0.01355


UPPER BOUND
	
	Chromium
	Lead

	
	LDR Data
	Post 1996 Data
	LDR Data
	Post 1996

Data

	Upper Bound 

Petroleum Waste Composite(mg/kg)
	6790


	155
	5800


	1760

	Concentration in Petroleum Coke (mg/kg)
	1.3
	1.3
	1.5
	1.5

	Total Concentration of Metal in Gasifier Bottoms (mg/kg)
	6801.7
	166.7
	5813.5
	1773.5

	TCLP Concentration in Gasifier Bottoms Using 20:1 Ratio (mg/L) (multiply by 0.05)
	340.1


	8.33
	290.7


	88.7

	TCLP Concentration in Gasifier Bottoms Using 1000:1 Ratio (mg/L) (multiply by 0.001)
	6.8
	0.167
(0.067)*
	5.81
	1.77
(0.7)*


*The value in parenthesis illustrates a mean leachate value representative of actual testing data of untreated waste (0.0004).
BP Whiting Refinery, Whiting , Indiana

Mean of K048, F037, F038, and K051 Waste Composite– DAF Float + Biosolids + API Separator Sludge)
	
	Chromium
	Lead

	Mean 

Petroleum Waste Composite  (mg/kg)
	18.3 (158 data points)
	185.3 (158 data points)

	Concentration in Petroleum Coke (mg/kg)
	1.3
	1.5

	Total Concentration of Metal in Gasifier Bottoms (mg/kg)
	30.2
	198.5

	TCLP Concentration in Gasifier Bottoms Using 20:1 Ratio (mg/L) (multiply by 0.05)
	1.5
	9.92

	TCLP Concentration in Gasifier Bottoms Using 1000:1 Ratio (mg/L) (multiply by 0.001)
	0.03
(0.012)*
	0.04
(0.07)*


*The value in parenthesis illustrates a mean leachate value representative of actual testing data of untreated waste (0.0004).
TCLP Concentration Estimates for Selected Metals in Gasifier Bottoms  

20 MTD Gasifier Feeding 100% Petroleum Waste With 10% of Mass to Gasifier Bottoms

LOWER BOUND

	
	Chromium
	Lead

	Characteristic Level (mg/L TCLP)
	5.0
	5.0

	UTS (mg/L TCLP)
	0.6
	0.75

	Lower Bound

Waste Composite (mg/kg)
	0.04
	0.05

	Total Concentration of Metal in Gasifier Bottoms (mg/kg)
	0.4
	0.5

	TCLP Concentration in Gasifier Bottoms Using 20:1 Ratio (mg/L) (multiply by 0.05)
	0.02
	0.025

	TCLP Concentration in Gasifier Bottoms Using 1000:1 Ratio (mg/L) (multiply by .001)
	0.0004
	0.0005


UPPER BOUND

	
	Chromium
	Lead

	
	LDR Data
	Post 1996 Data
	LDR Data
	Post 1996

Data

	Upper Bound

Waste Composite (mg/kg)
	6790


	155
	5800


	1760



	Total Concentration of Metal in Gasifier Bottoms (mg/kg)
	67900
	1550
	58000
	17600

	TCLP Concentration in Gasifier Bottoms Using 20:1 Ratio (mg/L) (multiply by 0.05)
	3395


	77.5
	2900
	880

	TCLP Concentration in Gasifier Bottoms Using 1000:1 Ratio (mg/L) (multiply by .001)
	67.9
	1.55 

(0.62)*
	58
	17.6
(7.04)*


*  The value in parenthesis illustrates a  mean leachate value representative of actual testing data of untreated wastes.

BP Whiting Refinery, Whiting , Indiana

Mean of K048, F037, F038, and K051 Waste Composite– DAF Float + Biosolids + API Separator Sludge
	
	Chromium
	Lead

	Mean 

Petroleum Waste Composite  (mg/kg)
	18.3 (158 data points)
	185.3 (158 data points)

	Total Concentration of Metal in Gasifier Bottoms (mg/kg)
	183
	1853

	TCLP Concentration in Gasifier Bottoms Using 20:1 Ratio (mg/L) (multiply by 0.05)
	9.15
	92.65

	TCLP Concentration in Gasifier Bottoms Using 1000:1 Ratio (mg/L) (multiply by 0.001)
	0.183
(0.073)*
	1.85
(0.74)*


*  The value in parenthesis illustrates a mean leachate value representative of actual testing data of untreated wastes.

Sample Calculations

Sample Calculation (Lead):

(20 MT)(1000kg/MT) = 20,000 kg waste

(20,000 kg waste)(1760 mg/kg) =35,200,000 mg Leady 

In 20 MTD gasifiers 20% mass goes to syngas; 80% to bottoms with 100% of metals 

Therefore; 16 MTD of bottoms generated.

18,800,000 mg Lead/(16 MT)(1000kg/MT) = 2200 mg/kg of Lead
Apply 20:1 TCLP ratio (multiply by 0.05) = 110 mg/L TCLP;   Apply 1000:1 (multiply by 0.001) =  2.2 mg/L TCLP
Sample Calculation – Method 1:

(1800 MT of petcoke)(3.53/10E6) + (200 MT of secondary material) (0.05/10E6) = 0.006354 + .00000005 = .00635405/200tons x 10E6 = 31.77 = 31.8 mg/kg Arsenic in bottoms
Application of 20:1 ratio from TCLP (multiply by 0.05):  31.77 x .05 = 31.8 x 0.05 = 1.59 mg/L TCLP
Application of 1000:1 ratio from TCLP (multiply by 0.001):  31.77 x .001 = 31.8 x 0.001 = 0.0318 mg/L TCLP   

Sample Calculation – Method 2 

(1800 MT of petroleum coke)(1000kg/MT) = 1.8 x 10E6 kg petroleum coke     (200 MT of secondary material)(1000kg/MT) = 2.0 x 10E5 kg secondary material.

(1.8 x 10E6 kg petroleum coke)(3.53 mg Arsenic in petroleum coke/kg) = 6.3 54x 10E6 mg Arsenic  

(2.0 x 10E5 kg secondary material)(0.05 mg Arsenic/kg secondary material) = 1 x 10E4 mg Arsenic 

6.354 x 10E6 mg Arsenic +.01 x 10 E6 mg Arsenic = 6.364 x 10E6 mg Arsenic

200 MT of gasifier bottoms 

6.364 x 10E6/(200MT)(1000 kg/MT) = 31.8 mg/kg Arsenic in bottoms.

Application of 20:1 ratio from TCLP (multiply by 0.05):  31.8 x .05 = 1.59 mg/L TCLP
Application of 1000:1 ratio from TCLP (multiply by 0.001):  31.8 x 0.001 = 0.0318 mg/L TCLP
Sample Calculation – Method 1 (Arsenic):

2000 MT (3.53/10E6) = 0.00706 MT of Arsenic

0.00706 MT of Arsenic/200 MT of bottoms = 0.0000353 x 10E6 = 35.3 mg/kg Arsenic in bottoms
(35.3)(.05) = 1.76 mg/L TCLP
(35.3)(.001) = 0.0353 mg/L TCLP
Sample Calculation – Method 2 (Arsenic):

(2000 MT)(1000 kg/MT) = 2,000,000 kg of petroleum coke 

(2,000,000 kg)(3.53mg Arsenic/kg) = 7,060,000 mg Arsenic

7,060,000 mg Arsenic/(200 MT)(1000kg/MT) = 35.3 mg/kg Arsenic in gasifier bottoms 
(35.3)(.05) = 1.76 mg/L TCLP
(35.3)(.001) = 0.0353 mg/L TCLP
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