Establishing Critical Protective Concentration Levels
(PCLs) for Lead-Affected Sails

Effective Date: August 2, 2001
Introduction

The purpose of this document is to describe the processes for establishing critical PCLsfor |ead- affected
soils which are protective of human receptors under the Texas Risk Reduction Program (TRRP) and to
provide some pre-caculated vaues.

Tier 1

For |ead-affected soils, the TRRP Tier 1 " Soilcomp PCL is 500 mg/kg (residential) and 1,600 mg/kg
(commercid/industrid), and the Tier 1 " Sail,,y PCL is 3.0 mg/kg (Class 1 and 2 groundwater) and 300
mg/kg (Class 3 groundwater). Higtoricaly, Synthetic Precipitation Leaching Procedure (SPLP) or Toxicity
Characteristic Leaching Procedure (TCLP) tests have been usedin determining site-specific ® Soil PCLs
for lead in soil. However, the aggressive acidic trestment to which soils are subjected in the TCLP/SPLP
extraction procedure do not adways provide appropriate results to derive lead soil-water partition
codffidents (K 4) and may over predict theamount of leachablelead that isimpacting groundwater for many
Stes.

Background

For steswith Class 1 or 2 groundwater, the Texas- specific median soil lead background concentration of
15 mg/kg, as stated in *350.51(m) or a higher site-specific background concentration replacesthe Tier 1
¥ Soiljng PCL for lead. If a site-specific background assessment is planned, samples must be collected
from areas unaffected by activitiesrel ated to waste management activities, in accordance with *350.51(1)(2)
and must be representative of the same geologic stratum as the potentidly affected stratum with the lead
concentrations.

Tier 2

The TRRP Tier 2 ¥ Soil,,, PCL equation can be used to devel op asite-specificlevel for lead in soil thet is
protective of groundwater in lieu of the Tier 1 or background approaches. This equation islocated at the
end of thisdocument. Thegod in developing asite-specific lead ®" Soil,,g PCL using the Tier 2 equationiis
to establish a ®" Soil;, PCL which is based on soil and |ead-specific properties that affect the migration
potentid of lead from the soil to groundweter at theste. Thefollowing Site-specific datamay grestly impact
the calculated Tier 2 ©" Soil,ng PCL for lead a an affected property:

sze of lead source area

soil typeand pH

thickness of |ead-affected soils
depth to groundwater
groundwater classfication
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Even though the Tier 2 equation is used to develop ©" Soil PCLs, default Tier 1inputsor site-specific data
can be used for mogt of the parametersin theequations. For example, Tier 1 default inputs may be chosen
for dl the inputs to the K,, equation except for Ky. Since Ky varies based on the soil type and pH of the
soil asshownin Figure 30: TAC 350.73(€)(1)(A), the caculation of aste-specific K 4 dlowed under Tier 2
provides typicaly higher ® Soil PCL sthan utilizing the default Tier 1. TheparametersL; and L, should be
determined on a Site-specific bagis.

Inputs to the Tier 2 equation are derived from thefollowing affected property data: 1) Size of sourceares;
2) soil type and pH; 3) thickness of affected soil; 4) depth to groundwater; and 5) groundwater
classification. A description of how the affected property data can affect the determination of a®" Soil,g
PCL isdiscussed below.

Size of Source Area

For affected propertieswith Class 1 or 2 groundwater or where the depth to groundwater is unknown, the
laterd extent of affected soil should be determined to 15 mg/kg (Texas-specific median background
concentration) or ahigher site-gpecificaly established background concentration. Affected propertieswith
Class 3 groundwater should be assessed to thelower of abackground concentration or 300 mg/kg (Tier 1
W S0il s 3 PCL). Statistical methodsfor comparing site-specific background levelsto potentially impacted
s0il aredescribedin *350.79(2)(B). Oncetheared extent of lead- affected soil isdetermined, the dataare
used to determine the laterd dilution factor (LDF) input to the Tier 2 equation. There aretwo optionsfor
developing the LDF input to the equation. Either the Tier 1 default inputs may be used or a Site-specific
LDF can be calculated. |f abackground concentration or a Tier 1% Soilass 3 PCL Was used to establish
the source area size, then an LDF of 20 may be used for a source arealess than or equa to 2 acre, or an
LDF of 10 should be used if the source area is greater than 2 acre but not greater than 30 acres. For
source aress greater than 30 acres a site-gpecific LDF should be determined. The steps necessary to
develop a ste-specific LDF are not addressed in this document.

Soil Type and pH

Soil type and pH are used to determine the appropriate K4 which isan input into the K, equation. Soils
should be classified usng the Unified Soil Classification Sysem ASTM D2488- 00 sandard or an equivaent
classfication determined using the U.S. Department of Agriculture classification system of sand, loam or
clay within the affected soil horizon.

Thesoil pH within that soil horizon may be estimated from literature sudies such asU.S. Soil Conservation
Service (SCS) surveys. If the SCSsurveysindicate apH range which crossesover apH category, thenthe
geometric mean pH vaue must be used. If literature information is unavailable, field soil pH should be
andyzed throughout the affected soil horizon.

Once the soil type and pH within the affected soil horizon are measured, refer to Figure 30 TAC
350.73(e)(1)(A) - ASoil-Water Didtribution Coefficients (K 4) for Aluminum and Lead for identification of
the applicable K4 vaue.



Depth of Affected Soil to Background (L) and Depth to Groundwater (L,)

A ratio of the depth from the top of the affected soil to groundwater (L ,) and the thickness of affected soil
(L,) is calculated to estimate attenuation of contamination in the soil column above groundweter. The
vertica extent of affected soil (L;) should be sat as the thickness of the soil that contains chemicas of
concern (COCs) in excess of the applicable Tier 1 ©VSoil PCL (either the default or site-speific
background concentration will bethe Tier 1 PCL asthey areat higher concentrationsthan the default Tier 1
“Wsoil PCL). The vertica extent of affected soil isinput as L, in the Tier 2 equation. The parameter L,
should be measured from the top of the affected soil to groundwater. However, if the vertica limit of soil
lead concentrations which exceed default or Site-specific background has been characterized and no
groundwater was encountered, the L, should be measured from the top of the affected soil to adepth which
results in a concentration a or below the corresponding Tier 2 Lead Groundwater-to-Soil PCL (see
example PCLsin the below table).

For example, acommercid affected property with loamy soil hasasoil pH intherangeof 7, asource area
of 0.5 acres and an L, thickness of 8 feet (located from 0-8 feet below ground surface) with a highest
concentration of 2000 mg/kg. According to the below table, since an Ly/L; vaue of 2 alowsa®" Sail ;g
PCL of 1098 mg/kg and since this PCL is greater than the 1000 mg/kg sample concentration, the boring
completion depth should extend to no lessthan 16 feet below ground surface (L,). Sincethecritical PCL is
the lowest PCL for a COC within a source medium determined from dl gpplicable human hedth exposure
pathways, the critical PCL for lead would be 1098 mg/kg (¢"Y Sail;,, PCL) for dl soils,

Groundwater Classification

The classfication of the groundwater affects the groundwater PCL in the Tier 2 equation. If the
groundwater isclassified as Class 1 or Class 2, then 0.015 mg/l should beinserted into the equation. If the
groundwater is classfied as Class 3, then 1.5 mg/L should be inserted into the equation (i.e.,, 100 x
NGCWing.

Example Cdculaions

Thefollowing two examples are provided to illustrate cal culation of Y Soil;,, PCLsusing the Tier 2 equation
with modificationsto Tier 1 parameter values as noted:

Example 1- For an affected property with an affected arealessthan 0.5 acres containing clayey soilsand a
s0il pH between5and 9, theKis1,830 (See Figure: 30 TAC "350.73(e)(1)(A)) and the LDF is 20, the
depth to groundwater is unknown so L,/L; equals one. The resulting lead €Y Soil,,, PCL is 549 mg/kg.
Thecaculation is shown below:

¥ Soiljng = (0.015) * 20* 1 Ksw = 1.67 = 5.46 X
10*
Ksw 0.16 + (1830)(1.67) + (0)(0.21)




Example 2 - For an affected property with asource arealessthan 0.5 acres containing 100% clayey soils
and a pH between 5 and 9, the Kq is 1,830 (See Figure: 30 TAC "350.73(e)(1)(A)), the LDF is 20.
However, in this example the depth of affected soil and the depth from the top of the affected soil to
groundwater isknown. Thetota depth from the top of the affected soil horizon to the groundwater table
(L) is20 feet and thetotd thickness of the affected soil (L,) is2feet. ThereforeL,/L; equas10. Thelead
Wsail PCL is5,490 mg/kg. The calculation is shown below:

¥ Soiljng = (0.015) * 20* 10 Ksw = 1.67 = 5.46 X
10*
Ksw 0.16 + (1830)(1.67) + (0)(0.21)

GWSO”mg = 5490 mg/kg

This example illustrates how incorporating the depth to groundwater into the calculation can significantly
change the " Soil;,, PCL. Examples of precalculated Tier 2 lead " Soil;ny PCLs for 0.5 and 30 acres
source areas with sandy, loamy and clayey soil, pH greater than and lessthan 5, for ratios of L »/L; ranging
from 1 to 8 are depicted in the attached table.

Determining Critical PCLsfor Surface Soilsand Subsurface Soils

The calculated ®" Soil;,, PCL concentrations stated in this document are critical PCLsfor subsurface soils,
but may not be critical PCLsfor surface soils. Thedefinition for surface and subsurface soilsare presented
in *350.4(a)(88) and (86), respectively. For example, using the above-dated Tier 2 Stuation and where
the affected property is a commercid/industria land use, the Tier 1 "'Soilcom, PCL (1600 mg/kg) isthe
critical PCL for surface soils (0-5 foot depth) assuming the property has a 0.5 acre source area Size and
L./L, of 10 and a pH greater than 5. In thisexample, theG""SoiI.r,g PCL (5490 mg/kg) isthecritical PCL
for soilslocated bel ow the 5 foot depth (subsurface soils). However, as shown in the example caculations
in the attached table, if the soil type was sandy insteed of clayey and all other parameters remained the
same, the critical PCL for both the surface and subsurface soilswould be based upon the® Soil, PCL of
702 mg/kg, sinceit isless than the ™' Soilcom, PCL of 1600 mg/kg.

Tier 3

If soil concentrations exceed the Tier 2 PCL, one may be able to demondtrate that the soil leachate-to-
groundwater exposure pathway is not complete according to *350.75(i)(7)(C); therefore, it may not be
necessary to establish asoil leachate-to-groundwater PCL. Thissection of the TRRPruleprovidesgenerd
criteriawhere ste-pecific information gathered through an affected property assessment may be used to
demondtrate that contaminated surface soils will not likely leach to groundwater. For example, if lead
affected soil overlies severd hundred feet of unfractured shae and shallow groundwater is not encountered
in the soil horizon, one can deduce the soil-to-groundwater pathway is not complete and that the ' Soil
PCL is not an exposure pathway of concern.



ExampleTier 2 Lead Groundwater-to- Soil PCLsfor 0.5 and 30 Acre Source Areaswith Sandy, Loamy and Clayey Soilsfor soilswith pH <5and pH

>b,
Sandy Soil
0.5 acre sour ce ar ea ®*Soil, ,, for Lead (mg/kg) 30 acre sour ce ar ea ©"'Soil , for Lead (mg/kg)

L.L, 1 2 3 4 5 6 7 8 L.L, 1 2 3 4 5 6 7 8
pH<5 3 6 9 12 15 18 21 24 pH<5 15 3 6 9 12 15 18 21
K 4=10 K 4=10
pH>5 70 140 210 280 350 420 490 560 pH>5 35 70 105 140 175 205 240 275
K 4=234 K 4=234

L oamy Sail
0.5 acre sour ce ar ea ®*Soil, ,, for Lead (mg/kg) 30 acre sour ce ar ea ©*'Soil s for Lead (mg/kg)
Lo/l 1 2 3 4 5 6 7 8 L.L, 1 2 3 4 5 6 7 8
pH<5 3 6 9 12 15 18 21 24 pH<5 15 3 6 9 12 15 18 21
K 4=10 K 4=10
pH>5 179 358 537 716 89%5 1074 1253 1432 pH>5 0 180 270 360 450 540 630 720
K 4 =597 K 4 =597
Clayey Soil
0.5 acre sour ce ar ea " Soil, ,, for Lead (mg/kg) 30 acre sour ce ar ea ©"'Soil , for Lead (mg/kg)
Lo/l 1 2 3 4 5 6 7 8 L.L, 1 2 3 4 5 6 7 8
pH<5 4 8 12 16 20 24 28 32 pH<5 2 4 6 8 10 12 14 16
K d =12 K d =12
pH>5 59 1098 1647 2196 2745 32U 3843 4392 pH>5 275 549 824 1099 1374 1649 1924 219
K4=1830 K4=1830




Tier 2 Soil-to-Groundwater PCL Equation

* Critical groundwater PCL as determined in accordance with *350.78.

Term

LDF

L

Lz

Ksw
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Gr

s
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foc

COC Chemical/Physical and Affected Property
Parameters
Definition

Leachate Dilution Factor
0.5 acre source area
30 acre source area

Thickness of affected soil (cm)

Depth from top of affected soil to groundwater table
(cm)

Sail-leachate partition factor for COC (mg/L-
water/mg/kg-soil)

Soil bulk density (g-soil/cm®-soil)

Total soil porosity =1 - (ry/rg)

(cm®-pore space/cm?®-sil)

Particle density (g/cm®)

Volumetric water content of vadose zone soils (soil-to-

groundwater)
(cmP-water/cm?®-soil)

Volumetric air content of vadose zone soils
(cm®-air/em®-soil) = Gr-Ows

Soil-water partition coefficient
(cm®-water/g-soil)

$ for organics
$ for inorganics

Soil organic carbon-water partition coefficient (cm®-
water/g-carbon)

Fraction of organic carbon in soil
(g-carbon/g-soil) (soil-to-groundwater)

Henry's Law Constant (dimensionless)
H: =H/RT

Henry:s Law Constant (atm-m°®mol)
H =H:-RT

Tier 1
Defaults

20
10

NA
|_2 = L]_
property-specific

1.67
NA

2.65

0.16

0.21

(Figure30 TAC
"350.73(e))

K, =K, foc
K, = pH dependent
value

(Figure30 TAC
*350.73(e))

0.002 (soil-to-
groundwater)

(Figure30 TAC
"350.73(e))

See H-

Change to Tier 1
Default Allowed?

Tier2,3
Tier2,3

Tier2,3
Recommend setting
L, = to thickness of
s0il zone containing

COCsin excess of
Tier 1 Vsoil
Tier2,3

Tier 2,3

Tier2,3
Tier2,3

Tier2,3

Tier 2,3

Tier2,3

Tier 2,3

Tier 2,3

Tier2,3

No

No

Rule Citation

"350.75(c) and (d)
"350.75(c) and (d)

"350.75(c) and (d)
"350.75(c) and (d)

"350.75(e) and
*350.75(c) and (d)

"350.75(c) and (d)
"350.75(c) and (d)

*350.75(c) and (d)

*350.75(c) and (d)

"350.75(c) and (d)

"350.73(e) and
(Figures 30 TAC

*350.73(e)(1)(A-C)

"350.73(e) and
(Figures 30 TAC

*350.73(e)(1)(A-C)

*350.75(c) and (d)

NA

NA




COC Chemical/Physical and Affected Property

Tier 1 Change to Tier 1 o
Parameters _ Defaults Default Allowed? R ETEn
Term Definition
R Universal Gas Constant (atm-m°®gmol-EK) 8.25x 10° No NA
T Temperature (EK) = 273 + EC 293 No NA
Ugw Groundwater Darcy velocity (cm/yr)
Ugw = Ki i x 36,500 d-cm/yr-m NA Tier2,3 "350.75(c) and (d)
Note: Ugy must be converted to units of cmiyr
Oy Groundwater mixing zone thickness (m) NA Tier2.3 *350.75(c) and (d)
upper bound: dyy # by
K Hydraulic conductivity (m/day) NA Tier2,3 *350.75(c) and (d)
i Hydraulic gradient (m/m) NA Tier2,3 "350.75(c) and (d)
Bgw Aquifer thickness (m) NA Tier2,3 "350.75(c) and (d)
Wi Lateral width of affected vadose zone in direction of NA Tier 2,3 *350.75(c) and (d)
groundwater flow (m)
a, Vertical groundwater dispersivity = NA Tier2,3 "350.75(c) and (d)
0.0056 x W5 (m)
P Net infiltration rate of water through soil (cm/yr) NA Tier2,3 "350.75(c) and (d)
Upper bound: I # K (3.15 x 10°s/yr)
$sand
$silt 0.0018(P)?
$clay 0.0009(P)?
0.00018(P)?
Kys Saturated hydraulic conductivity of vadose zone soils NA Tier2,3 *350.75(c) and (d)
(cm/s)
P Mean annual precipitation (cm/yr) NA Tier 2,3 *350.75(c) and (d)




