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The Los Alamos National Laboratory's response to the Notice of Deficiency concerning 
Revision 3 of the Installation Work Plan for Environmental Resltoration is enclosed. The 
Notice of Deficiency was received at the Los Alamos Area Office on January 31. A 
response within thirty days is required by the Environmental Protection Agency. A 
documented quality review of the enclosed response has been performed in accordance 
with procedure LANL-ER-AP-01.3. A certification form signed by the appropriate 
Laboratory official is enclosed, too. 

The enclosed response shows the comments from the Notice of Deficiency and the 
proposed changes to be made to the Installation Work Plan, REwision 3. When the 
responses are approved by the Environmental Protection Agency, appropriately 
changed pages of the draft Revision 3 will be distributed to all who have received copies 
of the draft revision. The changes proposed for Appendix K arE~ fairly extensive, and 
some minor wording changes would be desirable in parts of that appendix not affected 
by the Notice of Deficiency. A complete version of Appendix K is enclosed with strike
throughs to show the portions of the original text that are proposed for deletion and text 
in bold for proposed additions. We propose to issue a completH Appendix K when the 
other changes to Revision 3 are distributed. Typographical errors in Appendix F have 
been distributed in the draft revision. Generally they list a Class code as "007HSWA", 
or similar, instead of "HSWA". These typographical errors will be corrected. Then a 
complete Appendix F will be distributed, too. 

Please let me know if there are questions about this response to the Notice of 
Deficiency, or contact Ted Norris of my staff at 665-5136. I would appreciate having the 
response and the signed certification form sent to the Environmental Protection Agency, 
Region 6, in time to meet the required deadline. 
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The attached document, .. Response to Notice of Deficiency Concerning Installation 
Work Plan, Revision 3, Activity Data Sheet Number 2105,Worlk Breakdown structure 
Number 1.4.2.6.3.4.16 .. is true and accurate to the best of our knowledge. The 
document has been through an internal formal review, to ensure accuracy and in 
accordance with the Los Alamos National Laboratory (LANL) Environmental Restoration 
(ER) Program quality assurance procedure. The formal review comments and the 
resolutions to these comments are part of the public record and are available in the 
LANL ER Records Processing Facility. The document is bein9 submitted to the 
Environmental Protection Agency as part of the requirements under the Hazardous and 
Solid Waste Amendments Operating Permit. 

Paul Aamodt, EM/ER, MS M992 
Programmatic Project Leader 

Pat Shanley, ESH- , MS K490 
ESH-8 Representa ive 

David Mclnro , EM/ 
Acting Program Man 
Environmental Restoration 
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LIST OF DEFICIENCIES, DISCUSSION, AND PROPOSED TEXT CHANGES FOR 
INSTALLATION WORK PLAN, REVISION :3 

1. 3.3.1.3 Uncertainty in Exposure Concentration Estimates, p. K-16 -

EPA would prefer that LANL use the more traditional approach to risk assessment (RAGS). LANL may use 
Monte Carlo methods as a measure of uncertainty in the uncertainty section of any risk assessment 
document. If LANL chooses to use the Monte Carlo technique, LANL will need to justify the distribution 
used for each exposure parameter. 

Discussion 

In general LANL plans to use ·the 95th UCL for the arithmetic mean as the simplest 
point estimate of contaminant concentration for the purposes of estimating the chronic 
RME, together with the conventional values for other pathway parameters that are 
tabled in Attachment 1, pp. K-53 through K-55. LANL agrees cc,mpletely that the 
Monte Carlo alternative requires a great deal of additional work t<> justify the 
distributions selected for parameters other than concentrations in site media. A similar 
effort is required for any quantitative uncertainty analysis. (RAGiS guidance requires 
only a qualitative discussion.) Where such an uncertainty analysis indicates that the 
point estimates are in one of the extreme tails of the likely distribution of exposure 
concentrations, and where the decision has major impacts on budget, community 
relations, or other critical factors, LANL may wish to make this investment in an 
alternative RME estimate. 

Section 3.3.1 ("Methods") has been rearranged and slightly rewritten to make LANL's 
position clearer. 

Proposed Text Changes 

3.3.1 Methods 

3. 3. 1 • 1 0-if.eet-E--Stimation Use of Sampling Data 

Insofar as possible, sampling data ~ill be used to directly estimate exposure concentrations for ER 
Program risk assessments. Direct use of sampling data is particularly applicable when exposure involves 
direct contact with the environmental medium of concern (e.g., direct contact with contaminated soils) and 
in cases where monitoring has occurred directly at an exposure point (e.g., a drinking water well). For 
these example exposure scenarios, sampling data provide the best estimate of current exposure 
concentrations. The data quality objeetives (DQO) proeess applied to the design of sampling plans during 
the phases of the RFI will result in the collection of environmental data appropriate for use in the risl< 
assessment. 

3. 3.1, 2 Modeling Approaches 

In some instances, it may not be appropriate to use difeet.sampling data -ateAe dil'ectly to estimate 
exposure concentrations, and some form of environmental fate and transport calculations or computer 
modeling applications will be required. Instances in which fate and transport calculations or modeling may 
be required include the following: 

• Fate and transport calculations for contaminants will be required whEm exposure 
points are remote from contaminant sources and when release mechanisms exist to 
transport contaminants to an exposure point (e.g., transport of contaminants in 
groundwater to a receptor). 
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• Modeling will be required when temporal distribution of contaminants is needed and 
monitoring data are lacking. Typically, environmental sampling data give an indication 
of current conditions. Although there are situations in which it is reasonable to 
assume that contaminant concentrations will remain constant ove1r time, in many 
cases, the time span over which data are taken during one-time sampling are not 
adequate to predict future exposure concentrations. 

• When direct measurements of contaminant concentrations in air are unavailable, fate 
and transport modeling will be needed to determine air concentrations based on 
contaminated soil concentrations. 

The level of effort required to estimate exposure concentrations depends on tlhe type and quantity of data 
available, the level of detail required in the assessment, and the expected level of risk to human health 
and the environment. In general, estimating exposure concentrations involves analyzing direct sampling 
data and applying simple environmental fate and transport calculations. Set::::tion 3.3.2 describes 
simple methods for estimating exposure concentrations for the exposure routes of 
inhalation of particulates and gas, ingestion of contaminated plants, and external 
gamma radiation, on the basis of concentrations of contaminants in surface and 
subsurface soil. 

More sophisticated modeling approaches than those presented there may be required, 
. based on PAS-specific needs. For those efforts requiring a complicated modeling approach, a wide 
variety of EPA-approved contaminant fate and transport models is available for use in exposure 
assessments. Contaminant fate and transport models are applied in ER Program risk assessments on a 
PAS-specific basis. The procedure to eonduet for complicated contaminant fate and transport modeling 
includes 

• identifying and bounding the modeling problem and approach, 

• selecting qualified experts to identify the appropriate models to bE! applied (this step 
may also include developing models to account for unique conditions at the 
Laboratory), and 

• communicating with regulatory agencies to obtain approval of the modeling approach 
before conducting the modeling exercise. 

The data quality objectives (DQO) process applied to the design 10f sampling plans 
during the phases of the RFI will result in the collection of envirc1nmental data 
appropriate for use in the risk assessment, whether direct or indirect modeling 
approaches are required. 

3.3.1.2 Estimation of Reasonable Maximum Exposure (RME) 

EPA (1989, 0305) suggests using an "upper 95% confidence limit on the arithmetic 
average concentration of contaminants at a site (or portion therec•f)" as the appropriate 
statistic to represent the RME. In general, LANL will use the upper 95% confidence 
limit for the average concentration within an exposure unit as an iinitial point estimate 
of RME. Selection of statistical estimators for this average and fc,r the corresponding 
95% upper confidence limit depends on the statistical distribution of the observations. 
In Bayesian analyses, 95% upper confidence limits would be replnced by upper 95% 
probability bounds. 

A recent Science Advisory Board review (EPA 1993, 1013) of the Human Health 
Evaluation Manual recommended that EPA move toward a distributional approach for 
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calculating AMEs. This approach would require the development of distributions for 
the parameters that enter the calculation of individual exposurel;. These distributions, 
together with Monte Carlo simulation methods, would then be u:sed to determine the 
distribution of exposure, and an appropriate quantile of the dis1tribution (e.g., the 95th 
percentile) would be used as the RME. The ER Program at Los Alamos endorses this 
distributional approach to exposure and risk assessment, and distributions for 
environmental data and parameters used in calculating dose/intake should be 
developed. However, this represents a substantial investment of time and energy, 
and initially such distributions will be used primarily for quantitative uncertainty 
analysis. 

3.3.1.3 Uncertainty in Exposure Concentration Estimates 

Evaluating uncertainty is a very important component of the exposure assessment. EPA (1989, 0305) 
specifies that a qualitative discussion of uncertainty in the exposure analysis should include (1) a tabular 
presentation of the ranges of estimates of exposure concentrations and exposure parameters consistent 
with the data, the point values used in calculating the RME dose or intake, and a brief description of the 
rationale used in selecting the point value; and (2} a summary of major sources of uncertainty in the risk 
assessment that specifically addresses monitoring data, the models used to estimate exposure 
concentrations, and the vakfes point estimates selected for intake variables parameters. 

The same EPA guidance document suggests using an "upper 95% confidence limit on the arithmetic 
cwer=age [that is, the mean or expected value) concentration of contaminants at a site (or portion thereof) 
[that is, within an exposure unit)" as the appropriate statistic for representing an RME. The words in 
braeiEets above interpret the phrases used in the EPA regulatory guidance in terms that are used in the 
Los Alamos ER Program. The arithmetic mean of the obsefVations from an exposure unit is not the only 
reasonable estimator for the mean concentration in that exposure unit. Depending on observed 
distributional shapes, there may be substantially better estimatoFS. The selection of an appropriate 
estimator of the mean is tailored to each situation. 

The EPA guidance assumes a elassieal approach to statistical data analysis. If a Bayesian approach is 
talmn instead, constructs such as confidence bounds can be replaced by probability intervals, and 
significance levels can be replaced by probabilities that hypotheses are true. Although the basic idea of 
estimating an RME with an upper bound for a mean eoncentr=ation may remain, the Bayesian construction 
of such an estimate is quite different from the classical construction espoused ir1 the current guidance. A 
Bayesian analysis demands construction of an exposure concentration distribution from which pertinent 
statistics (such as means, probability bounds, quantiles) may be calculated directly; 

A recent Science Advisory Board review (EPA 199a, 1 01 a)-of the /-Iuman Health Evaluation Manual 
recommended that EPA move toward a distributional approach for calculating AMEs. This approach 
requires that the EPA develop distributions for the \'ariables needed to caleulato individual exposures; 
these distributions, together with Monte Carlo simulation methods, are used to determine distributions of 
exposure, and an appropriate quantile of the distribution (e.g., the 90th or the 95th percentile) could be 
used as the RME (e.g., the 90th percentile of the exposure distribution corresponds to an exposure 
coneentrotion for which there is a 90% probability that an individual is exposed at no greater level). The ER 
Program at Los Alamos endorses this distributional approach to exposure and risl< assessment, and, 
•#here possible, distributions for environmental data and parameters used in calculating dose/intake 
should be developed and presented. However, at present, EPA's policy is to use distributional 
approaches only as a means of assessing uncertainty. 

In the following subsections, simple methods are described by which to estimato exposure 
concentrations-for the exposure routes of inhalation of-particulates and gas, ingestion of contaminated 
plants, and external gamma radiation, on the basis of concentr=ations of contaminants in surface and 
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subsuffaee soil. More sophisticated modeling approaches than those presented may be required, based 
on PRS specific needs. 

In addition, particularly where a complex modeling approach to •uposure estimation is 
required, quantitative assessments of the effect of uncertainty in all parameters, 
including both those estimated from site-specific data and those whose values are 
selected from other sources, is recommended. The Monte Carle» simulation method 
mentioned in the preceding section may indicate that the point Etstimates are in an 
extreme tail of the likely distribution of actual exposure concentr:ations. In this case a 
reevaluation of the selected point estimate may be required. 

***** 

2 . 3.5.4.2 Corrective Measures Study Report, p. 3-23 -

Text in the last paragraph indicates that EPA will approve or request a revision of the CMS report within 
120 days of receipt. There is no provision in the permit requiring review by EPA within any given time
frame. Certainly, EPA will attempt to have the CMS Report reviewed within 120 days; however, the 
sentence should be changed to indicate there is no deadline for EPA review. 

Discussion 

Text at the top of p. 3-24 has been changed to eliminate the wording pertaining to 
time frame. 

Proposed Text Change 

Within 120 days of After receipt of the draft report, EPA will approve or request a revision of the CMS 
report. EPA's response will consider comments received from NMED and the public. DOE/UC will finalize 
the draft CMS report, incorporating comments received from EPA within 30 days of receipt. 

***** 

3. 4.1.1 Decisions During the RCRA Process, p. 4-3 -

LANL shall add to the first statement under decisions required during the RFI: '"determining whether 
contaminants have been released to the environment and if so the extent of that release (the site 
screening decision in Figure 4-1 )". 

Discussion 

Determining the extent of the release, and more generally charac:terizing "the nature, 
extent, direction, rate, movement and concentration of releases," will be done as 
required to "determin[e] whether corrective action is required for the site," i.e., under 
the second bullet under the RFI decisions on p. 4-3. See also response to #5 below. 

We have amplified the paragraph immediately following the bullets to make this clear. 
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Proposed Text Change 

4.1 RFI and Corrective Action Strategies 

4.1.1 Decisions During the RCRA Process 

The RCRA process outlined in Chapter 1 is designed to generate and implement appropriate decisions 
concerning corrective actions for PRSs identified by the RCRA facility assessment (RFA). Following RFA 
identification of potentially significant releases, the RCRA process generally pmceeds through RFI, CMS, 
and corrective measures implementation (CMI), as illustrated in Figure 1-1. Progress is demarcated by 
several decision points, as illustrated in Figure 4-1. Many of these decisions require the collection and 
assimilation of environmental data. The Los Alamos technical approach to environmental restoration 
begins with statements of these decisions and the associated decision criteria that are sufficiently explicit 
to guide the design of field investigations and the evaluation of the resulting data. 

Decisions required during the RFI include 

• determining whether contaminants have been released to the environment (the site 
screening decision in Figure 4-1 ), 

• determining whether corrective action is required for the site (a risk-based decision 
that may be made before or after CMS has been initiated), and 

• determining whether a formal CMS is required to select and design an appropriate 
corrective action. 

Usually environmental data will need to be acquired during the RFI in order to support these decisions. 
The site screening decision requires information about the conc•:!ntrations of 
contaminants in site media, particularly the upper range of such •::oncentrations. Risk
based decisions may require more information about the extent 01f contamination, as 
well as about the direction and rate of its migration in the enviro111ment and the 
hydrogeological parameters that control that migration. Other si1:e-specific or bench 
data may be needed to choose among corrective actions unless tllle choice of a 
remedy is obvious. 

***** 

4 . 4.1.1 Decisions During the RCRA Process, p. 4-5, fifth pa1ragraph -

Approval of VCAs as final remedies should also follow the guidelines of public participation in a Class Ill 
permit modification. 

Discussion 

Wording has been added, as shown below. 

Proposed Text Change 

EPA approval of VCAs as final remedies will be requested as a Class Ill permit modification, with 
public participation, and a final report will be submitted to EPA and NMED, provided that cleanup 
standards have been attained and DOE has approved the final report. (The table' of contents for the final 
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report is shown in Table 4-2}. In other cases, VCAs may serve merely as interim measures, followed by a 
return to the normal RFI/CMS process. 

***** 

5 . 4.1.2 The Streamlined Approach to Environmental Restc1ration, 
p. 4-7 -

Under the proposed SubpartS (EPA 1990), the general performance objective' of an RCRA facility 
investigation is to characterize the nature, extent, direction, rate, movement, and concentration of 
releases from a site. In the IWP, LANL states the goal of an RFI is to determine whether the problem 
warrants corrective action, and then to develop an understanding of probable s:ite alternatives. LANL 
should revise their approach to be consistent with Subpart S. 

Discussion 

The LANL and SAFER approach is to focus site characterization on corrective action 
decisions. DOE believes that in order to make wise use of our limited resources, we 
must stay focused on these decisions throughout planning for d:ata collection and 
subsequent evaluation of data. The DQO process is one tool for maintaining this 
focus, and the use of risk-based decision criteria is one way to ensure that our 
priorities remain aligned with EPA's and the public's. We believe that our approach is 
entirely consistent with proposed Subpart S. 

Proposed Text Change 

None. 

***** 

6 . Generic Quality Assurance Project Plan, Annex II, p. 11-2 -

Text indicates that although the generic QAPjP was previously included in the IWP that since 1992 this 
document has been issued separately. When will EPA receive a revised generic OAPjP? LANL has had 
several problems related to inconsistency in use of analytical methods, and these problems might be 
avoided if the QAPjP was updated to meet all programmatic needs and was followed by the program. 

Discussion 

Desirability of updating the Quality Assurance Project Plan (QAPjP) is recognized. A 
start on a revised QAPjP was made a year ago. Resources are being identified to carry 
the revision process to completion. We anticipate having the first draft of the revision 
ready for internal review by the end of the fiscal year. 

Proposed Text Change 

None. 

***** 
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7 . 5.4 Objective 4 - Continue to Afford Opportunities for Public 
Comment on Environmental Restoration Program Activitie1s, 
p. V-14 -

Paragraph three discusses Class Ill Modifications as being the least extensive change of the three classes 
while it should be the most extensive change. Please revise the text. 

Discussion 

Third paragraph of Section 5.4 of Annex V has been corrected als shown below. 

Proposed Text Change 

If the proposed changes fall in the category of a Class Ill modification (the class of modification that 
involves the teast most extensive change of three classes) and if the public requests a public hearing, 
the EPA will schedule a formal hearing. If a public hearing is not requested, EPA will publish the decision 
without a hearing. In the case of Class Ill modification, the EPA will provide a 45-day comment period after 
the public hearing before the modifications become part of the permit. Althouglh transcripts of public 
hearings are optional, if EPA decides to prepare transcripts, they will be available to the public in the 
Laboratory's community reading room and in the document repositories in the main public libraries in Los 
Alamos, Espanola, and Santa Fe. · · 

***** 

8 . Appendix F, p. F-1 -

LANL indicates that the PRS Class Code, nRCRA PMu is for a unit regulated by HCRA which appears in the 
1990 HSWA Module, but is one of 38 SWMUs deleted from the module by the permit modification 
proposed in March 1993. No units were removed from the HSWA permit in the permit modification 
proposed in March 1993. LANL needs to correct this statement and the table. 

Discussion 

-
The PRS Class Codes for Appendix F were devised in part on the basis of information 
for a permit modification that was sent from the Department of En•!rgy's Los Alamos 
Area Office on March 29, 1993, to the New Mexico Environment [)epartment, but which 
apparently was not received by the Environmental Protection Age,ncy's Region 6. 
Therefore, the Appendix F Class Code designations and table entries are revised to 
eliminate reference to the RCRA PM class code. 

Proposed Text Change 

PRS Class Codes 

HSWA 
HSWAPM 
RCRA 

Listed in HSWA Module (one of the 605 SWMUs in the 1990 RCRA permit). 
Unit added in the permit modification proposed in February 1993. 
Unit regulated by RCRA; does not appear in 1990 HSWA Module. 
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RCRAPM 

AOC/PRS 

Current Yr 

15-003 
16-010(b) 
16-010(c) 
16-010(d) 
16-010(e) 
16-010(f) 
16-0100) 
16-012(d) 
16-012(i) 
16-012G) 
16-012(1) 
16-012(m) 
16-012(n) 
16-012(p) 
16-012(t) 
16-012(u) 
16-012(x) 
16-018 
21-003 
21-028(a) 
21-028(b) 
21-028(c) 
21-028(d) 
21-028(e) 
53-001 (a) 
53-001(b) 
53-002(a) 
53-002(b) 
54-009 

Unit regulated by RCRA; appear:s in 1990 HSWA Module but is one of 39 SWMUs deleted 
from the module by the permit modification proposed in March lW3. 
Unit may not be a SWMU as defined by RCRA, but ER Program i1s investigating. 

Class 

RCRAPM HSWA 
RCRAPMHSWA 
RCRAPMHSWA 
RCRAPMHSWA 
RCRA. PM HSWA 
RCRAPM HSWA 
RCRAPM HSWA 
RCRAPMHSWA 
RCRAPM HSWA 
RCRAPM HSWA 
RCRAPM HSWA 
RCRAPMHSWA 
RCRAPMHSWA 
RCRAPMHSWA 
RCRAPMHSWA 
RCRAPMHSWA 
RCRAPMHSWA 
RCRAPM HSWA 
RCRAPM HSWA 
RCRA PM AOC/PRS 
RCRA PM AOC/PRS 
RCRA PM AOC/PRS 
RCRA PM AOC/PRS 
RCRA PM AOC/PRS 
RCRAPM HSWA 
RCRAPMHSWA 
RCRAPM HSWA 
RCRAPM HSWA 
RCRA PM AOC/PRS 

***** 

9. , Appendix H, 4.2 Binomial Sampling Strategy, p. H-8 and H-9 -

How does LANL ensure that consistency is maintained in the picking the probalJi/ity of detecting 
contamination in at least one sample? In the examples used, LANL decided to use a probability of 0.85, 
for detecting contamination. What is the basis for using that probability rather them 0.99 or any other? 

Discussion 

This problem arises whenever a statistical approach to sample de~»ign is adopted; one 
must choose, in advance, what level of uncertainty, that is, what probability of error, 
can be tolerated. The usual ad hoc, nonstatistical approaches to lSample design simply 
ignore this problem. LANL has no magic solution to this perennhd problem, nor do we 
believe that there should be a "one-size-fits-all" solution. Some 10f the considerations 
that should be taken into account, on a site-by-site basis, are mentioned at the top of 
p. H-8. They include the expected heterogeneity of the site (bast!d on the 
mechanisms by which the release might have occurred, the subsequent history of 
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construction and other disturbances at the site, and the behaviolr of the potential 
contaminants in the environment) and the toxicity of the potential contaminants. 

Proposed Text Change 

None. 

***** 

1 0. Appendix H, 5.2.2 Composite Sampling, p. H-16 -

The discussion of composite sampling does not take into consideration the extra time required if 
reanalysis of samples must occur because the value of the composite sample is greater than the 
screening action level. This potential time delay becomes a significant concern when data analysis takes 
several months, and this is an additional reason EPA does not support the use of composite sampling in 
the RFI process. 

Discussion 

LANL agrees that time delay can be a factor when composite sampling is used for "hot 
spot" detection or SAL comparisons. Most of this section discu!;ses the use of 
composite sampling to estimate, with improved confidence, the arithmetic average 
concentration of contaminants· at a site, as required for risk assessment, not for "hot 
spot" detection or SAL comparisons; reanalysis is not an issue in this application. We 
agree that some of the discussion at the end of the section obst:::ured this point. 

We have rewritten the latter part of this section and incorporated additional text into 
the first paragraph to clarify these distinctions and have included mention of the time 
delay factor (last sentence of rewrite). 

Proposed Text Change 

5.2.2 Composite Sampling 

As a general rule, the larger the population variance, the more samples are needed to estimate a mean 
with given precision. This subsection and the following two subsections presEmt sampling strategies that, 
correctly applied, can increase precision the precision of the estimat.~ of the mean without 
increasing the number of laboratory analyses required. 

One way to reduce sampling variability is to form composite samples. A composite sample is generally 
made up in the field. Grab samples [called "increments" in the statistical literature on composite sampling 
(Elder et al. 1980, 0795)] are colletted as usual following the appropriate procedures, except that less 
material may be required in each grab sample than if each were to be analyz1~d separately. The material 
from several grab samples is combined and homogenized to form a composite sample from which 
subsamples (seldom more than two) are removed and packaged as usual for laboratory analysis. Clearly, 
this brief description passes over some significant practical details. In particular, it is desirable that each 
grab sample contribute an equal amount to the composite and to the subsamples, which suggests that 
any sieving to remove rocks and other debris should be done before the increments are composited. 
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Homogenization should be as thorough as possible. If volatile contaminants are of concern, compositing 
should not be used. 

In order to estimate the population mean from composite samples, the followin!~ assumptions are made: 

• The estimate is computed as the average of n = r x s subsampiE!S, that is, Equation 
5.1 is used with the measurements on s subsamples from eac:h of r composites. 
(Equation 5.3, below, can be modified if not all composites have tlhe same number of 
subsamples.) 

• The volume of each composite is equal to that of s subsamples. (If s = 1, that is, if the 
entire composite is analyzed to produce one measurement per composite, the last 
term in Equation 5.3 should be ignored.) 

• Each composite is formed from m~1 grab samples. Equation 5.3 assumes that each 
grab sample is homogeneous; however, modifications can be made if this is not the 
case. 

• cr2 is the between-grab sample variability, usually more si~Jnificant than any 
inhomogeneity within grab samples. 

• t 2 is the variance of the contribution of the individual grab sampiElS to the measured 
subsamples. Ideally, each subsample has a contribution from each increment that 
went into its parent composite that is 1/n of the volume of the total subsample so that 
t 2 is zero and, again, the last term of Equation 5.3 vanishes. 

• 92 is the analytical error variance. 

With these assumptions, the variance of the estimate of the mean is given by 

cr2 e2 m s- s 2 2 -+-+---0" 't 
nm rs rs S-1 (5.3) 

Thus, when the variability among grab samples is the major component of variance (that is, when cr2 is 
much larger than either 92 or t2), its effect on the estimate of the mean of a population can be reduced by 
compositing. 

When collecting data for a risk-based decision, sampling designs that include physical averaging do not 
adversely affect the estimation of averages at the exposure unit scale, provided that the compositing 
design does not composite grab samples from different exposure units. Gemposite sampling also f:las 
advantages for screening assessment (Boswell and Patil 1990, 0978). For exumple, if 18 increments are 
tal<en from a site and are used to create a composite samples and 2 subsatnples are tal<en from eaef:l 
composite, 6 laboratory analyses are required. If all 6 composite subsampc:ls indicate concentrations 
below SAL related levels, tf:le site ean be proposed for NFA. For composite: sampling, SALs must be 
modified to account for tf:le a•1eraging effect of eompositing. If 6 increments go into one composite but 
only one is above SAL, tf:leir mean may be below tf:le SAL; f:lowever, assuming increments of equal 
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weight, their mean cannot be below 1/6 of the SAL, so 1/6 of the SAL oan be used for screening 
assessments based on composites of 6 increments. However, incre21sed precision in the 
estimate of the exposure unit mean using composite sampling may be attained at the 
expense of spatial resolution within an exposure unit. If spatial resolution on a smaller 
scale is important, then the selection of increments to composite should be 
compatible with the scale of spatial resolution required. For ex:ample, composites may 
be formed within quadrants or smaller fractions of exposure units and should not 
combine strata likely to differ significantly (e.g., material from c:hannels with mesa-top 
soils in cases where contaminants may have been released to outfalls). 

In some cases it is possible to recover spatial resolution usinn a two-phase analysis 
plan (Boswell and Patil 1990, 0978). In this way compositing may be used for 
screening assessment or "hot spot" detection. For example, 18 increments may be 
used to create 6 composite samples. If all 6 composite subsamples indicate 
concentrations below SAL-related levels, the site can be proposed for NFA. If this is 
not the case, then the increments that made up a high compos.ite must be reanalyzed 
to determine whether the actual concentration in any one increment exceeded the 
SAL. (Note the expression "SAL-related levels." For composite samples SALs must 
be modified to account for the averaging effect of compositing. If 6 increments go into 
one composite but only one is above the SAL, their mean mlay be below the SAL. 
However, assuming increments of equal weights, their mean c~mnot be below 1/6 of 
the SAL, so 1/6 of the SAL can be used for screening a~;sessments based on 
composites of 6 increments. Similar calculations are required when using composites 
for "hot spot" detection.) This procedure is not practical if the t:::onstituents of interest 
have short holding times, if adequate sample storage space is not available, or if time 
is a critical factor. 

When the constituents of interest do not have short holding times and when adequate storage space is 
available, a fraction of each grab sample can be retained for individual analysis in eases where the 
composite sample produces a large measurement. Designs that elEploit this p1ossibility to improve spatial 
resolution or to characterize the upper tail of the contaminant distribution have been proposed in recent 
literature (Bloom 1992, 0979; Gore and Patil 1993, 0980). Continuing the previous elEample, if 1 
composite indicates contamination abo•1e SAL related levels, 6 more chemical analyses could be 
performed to determine the mQ)(imum concentration, which still results in a saving compared 'Nith 
performing 18 disemte analyses. 

The appropriate number of increments used to form a composite can be optimized according to prior 
ClEpeetations of contaminant concentrations 'Nith respect to SALs. Many other design considerations can 
be incorporated in the selection of grab samples to be eomposited, e.g., spatial resolution can be 
maintained by eompositing neighboring samples or samples from comparable depths or soil types instead 
of eompositing at random across the site. 

***** 

11 . Appendix I, 4.1 Proposed No Further Action and Deferred Action 
after Archival and Field Reconnaissance Investigations, p. 1-18 -

The operation of a PRC after November, 1988 is not a reason for NFA of a site unless the New Mexico 
Environment Department agrees the site should not be in the HSWA portion of the RCRA permit. 
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Discussion 

Text has been revised to allow for contingency, as shown below. 

Proposed Text Change 

Step 2: In the second step, the OUPL determines whether the site should be addressed by 
another program and excluded from the ER Program. Any of the following conditions could 
exclude a PRS from the ER Program and may lead to a recommendation for NFA and delisting 
from the HSWA Module. 

***** 

1 2. Appendix 0 -

LANL needs to provide an explanation of the schedule as to what is the difference between the plan and 
estimate portions of the schedule. 

Discussion 

The "plan" portion of the schedule is the baseline. It represents a snapshot in time 
that indicates the anticipated schedule for accomplishing a particiUiar milestone as a 
result of planning efforts. The "estimate" portion of the schedule represents the 
movement of milestones in time as actual activities are accomplished either ahead of or 
behind schedule. An explanatory note is added at the head of the table so stating 

Proposed Text Change 

The "plan" portion of the schedule is the baseline. It represents a snapshot in time 
that indicates the anticipated schedule for accomplishing a particular milestone as a 
result of planning efforts. The "estimate" portion of the schedul1e represents the 
movement of milestones in time as actual activities are accomplished either ahead of or 
behind schedule. 

NOD Response 12 February 22, 1994 



Appendix K 

1. 0 INTRODUCTION 

Human Health Risk 
Assessment Methodology 

The purpose of this appendix is to present the fundamental risk assessment 
methodology to be used to evaluate potential risks to human health associated 
with exposure to contaminants at, or released from, potential release sites (PASs) 
at Los Alamos National Laboratory (the Laboratory). This methodology has bt:!en 
developed to establish the scope of the baseline risk assessment as an inte!~ral 
part of the Resource Conservation and Recovery Act (RCRA) facility investigation 
(RFI) process and to establish a consistent risk assessment approach to be 
applied at all operable units (OUs). 

Risk-based decisions are used to support an RFI decision that no further action 
(NFA) is needed or to provide a point of comparison relative to which the benefits 
of a proposed corrective action can be evaluated. AislE assessmeAts addross 
both long term risiEs that remain after a proposed remedial altemative has bc!Effi 
implemented and short term risl<s to workers and the public durin!:) and after ltfte 
proposed altematives have been implemented. Risk assessments addre,ss 
both long-term and near-term risks. Long-term risk assessments 
evaluate the fate and transport of contaminants far into the future. 
Near-term risk assessments focus on the current human hea;lth 
impacts of contaminants on both the public and workers. 

The major elements of the risk assessment process addressed in this appendix 
are 

• developing a set of chemical and radiological data for risk 
assessments. Contaminants of concern are identified by 
means of the screening process described in Appendix J. 
Once contaminants of concern have been identified, a set 
of chemical data for use in the risk assessment is developed. 

• exposure assessment. The exposure assessment process 
identifies appropriate land use scenarios, receptors, 
contaminant transport pathways, exposure pathways, and 
intake parameters so that concentrations of contaminants in 
environmental media can be converted to chemical intake 
and radiological dose levels for human receptors. 

• toxicity assessment. The toxicity assessment identifies 
significant toxic effects and endpoints so that appropriate 
toxicity values may be selected to quantify potential toxic 
effects. 

• risk characterization. The final step of the process integrates 
the results of the exposure assessment and toxicity 
assessment so that the investigator can estimate excess 
cancer risks and noncarcinogenic toxicological impacts. 

Each of the components of the risk assessment, as it will be applied at the 
Laboratory, is described in detail in the following sections. 

2. 0 DEVELOPING A SET OF CHEMICAL AND RADIOLOGICAL 
DATA AND INFORMATION FOR USE IN THE RISK 
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ASSESSMENT PROCESS 

APPendix K 

Evaluation of environmental data at the Laboratory begins with the screening 
assessment process, which involves comparing measured concentrations of 
potential contaminants of concern with screening action levels (SALs) and, when 
necessary, bael<ground eoneentmtion distributions. and/or with background 
concentrations when background concentra1tions are below SALs. 
SALs are media-specific concentration levels for pote1ntial contaminants that are 
derived using conservative risk-based criteria. SALs for nonradiological 
contaminants are based on the methodology presented in proposed Subpart S 
of 40 CFR 264 (EPA 1990, 0432) to calculate action levels. Radiological SALs 
are based on a 1 0-mrem/yr dose using a residBntial exposure scenario. 
Environmental sampling and analysis during the screening assessment process 
are designed to determine whether potential contaminants of concern are 
present at concentrations above SALs or background concentration 
distributions. For the purposes of performing risk assessment at the Laboratory, 
any contaminant present above a SAL or background-distribution is considered a 
contaminant of eoneem, which, in eontmst to NFA, warrants further evaluation. 
distribution, when background is higher than SALs, is considered 
a contaminant of concern. A site with contaminants of concern 
requires further investigation. A detailed description of the screening 
assessment process and the derivation of SALs is presented in Appendix J. 

Environmental data from screening assessments or more detailed environmental 
investigations conducted during the RFI process at the Laboratory are used as 
input to risk assessments. 

A set of site-specific chemical and radiological data that has undergone extensive 
quality assurance evaluations for use in risk assessme1nt is critical to the success 
of evaluating the potential impacts on human health. Approaches to data 
evaluation are documented in Appendix H of this Installation Work Plan (IWP). 
The Environmental Restoration (ER) Program will follow Environmental Protection 
Agency (EPA) guidance (1989, 0305) to focus the data set that will be carried 
through each step of the risk assessment. 

Distributions of bael<ground constituents are evaluated in a different manner from 
that used for a screening assessment, depneding on whether the eonsitutuant is 
peresumed to have a nonthreshold (eareinogenie) or thershold 
(noncarcinogenic) response. Therefore, chemical and mdioetive carcinogens are 
evaluated both for incremental risl<s (risk above that associated with bacl<ground 
coneentmtions) and total risl< (which inleudes baci<§IFOUnd contributions), and 
noncareinogens are evaluated only for total risk. 

3. 0 EXPOSURE ASSESSMENT 

3.1 Introduction 

Exposure assessment requires the framework of a conceptual site model, which 
identifies contaminant sources, potential current and future receptors, and 
exposure pathways that link the sources and receptors. Conceptual site models 
are used to examine the completeness of potential human exposure pathways. 
Any exposure pathway considered in quantitative human health risk assessment 
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must have each element present, i.e., a contaminant source and mechanism for 
release, a potential for human contact with the exposure medium, and a route1 of 
human exposure from that medium. 

At the Laboratory, contaminants were originally deposited in either surface or 
subsurface soils, as shown in the conceptual site model (Figure K-1) and Table 
K-1. Through release mechanism pathways, contaminants were or could have 
been distributed in potentially contaminated media of concern, which include soil, 
air, edible plants, and water (Section 3.2.2). Receptors are exposed through 
contact with a contaminated medium by means of exposure routes (i .. e., 
ingestion, inhalation, dermal contact). Land use and receptor-specific 
characteristics must be considered when identifying significant exposure routes 
for quantitative dose estimates. Section 3.2.3 identifies the most likely receptors 
for evaluation in ER Program risk assessments. This conceptual framework for 
the receptors is used to identify appropriate receptor-specific exposure rou1tes 
(Section 3.2.4) for evaluation using quantitative risk assessment; these rou1tes 
are indicated by bullets in Figure K-1. 

Baseline risk assessments are conducted during the RFI to evaluate the potential 
threat to human health that a site may pose in the absence of any remedial action. 
Baseline risk assessments are risk assessments used to evaluate correctiive 
actions that are conducted during the corrective measures study (CMS) or 
voluntary corrective action. In assessing exposure of current receptors, the 
investigator considers currently existing restrictions to areas of contamination 
(e.g., fencing, cover materials). Under the EPA's risk assessment guidance for 
evaluating potential future receptors, the investigator must assume that curmnt 
access restrictions, such as fencing, are no longer in place and that disturbance 
of subsurface contamination may occur (EPA 1989, 0305). The ER Program 
generally applies this EPA guidance in developing risk assessmemt 
methodology. 

PRSs at the Laboratory consist of the solid waste management units (areas in 
which solid wastes have been routinely and systematically released, including 
chemically contaminated wastes) identified in Module VIII of the Laboratory's 
permit to operate under RCRA [the Hazardous and Solid Waste Amendments 
(HSWA) Module] and other area~ of concern (sites that potentially contain 
hazardous substances, such as radionuclides, but no hazardous constituents 
defined by RCRA) designated by the Laboratory's ER Program. For risk 
assessment, PRSs have been grouped in two categories: those located inside 
the Laboratory's current boundaries (Laboratory PRSs) and those locat,ed 
outside of the Laboratory's present boundaries (extra-Laboratory PRSs). Tlhe 
scope of this appendix is limited to exposures occurring within a given PRS or OU 
for both Laboratory and extra-Laboratory PRSs. If Phase I and/or Phase II datta 
from RFis indicate contaminant migration past OU or Laboratory boundarie1s, 
additional methods for evaluating effects upon distant receptors will be 
developed. 

Each of the elements of the conceptual site model for the Laboratory is 
discussed in detail in this section, and detailed information is provided on 
estimating chemical intake and radiological dose for receptors likely to incur the 
"reasonable maximum exposure (RME)" (EPA 1989, 0305) to site contaminants 
under both current and future exposure conditions. In general, these receptors 
are those persons who potentially spend the most time near an area of 
contamination; in some instances, the receptor is selected because of substantiial 
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physical contact with a contaminated medium (e.g., construction workers). 
Schematic representations of the conceptual site model for Laboratory and extra
Laboratory PASs are presented in Figure K-1. 

IWP, Revision 3 K-4 November 1993 



t: 

I 
-4 
(0 

~ 

~ 

~ 
~ 
~· 
a· 
:;:, 
(.;) 

Initial Secondary 
Release Transport Release Exposure 

Source Mechanism Mechanism Mechanism Medium 

Particulate 

r--- or Air 

.- gaseous 
Erosion; emissions 

,.- biological or r-
mechanical 

intrusion Surface 
Surface water 
run-off (streams, 

Subsurfacea -

l : 
f-+ springs) 

.... _, 
1-- Subsurface Surface Plant 

Produce gases soil uptake ,_ 
Direct 

Surfaceb 
contact 

I 

~ Infiltration/ 
Alluvial .! I groundwater 

percolation I (canyon I 
i I 1 bottoms) 1 

a. Examples of subsurface sources include landfills (buried wastes and structures). MDAs, underground storarge tanks, 
dry wells, and septic systems. 

b. Examples of surface sources include firing site and drop tower experiments, surface disposal and burn areas, outfalls, 
cooling tower releases, buildings, spills, and overflows. 

Figure K-3.1. Conceptual site model for LANL PASs. 

Potential Receptors 
a; 
"' a; :;, 

.... ~ .:.!.~ (ij~ 

~ ~~ l5 !!! c: £!! 
~:;, ·~~ Exposure i!a c:S g 

~ o- g l5 -Route E l5 'ti i5 .... 
-0 m- 2c: ""c c:- .... 0 

- c: Ill c: ~~ ' Ill tle ..C:Cl '0 Ill c:no... - t:: E :;, c: .... c: .... g a 'iii~ 0 ::> 0:;, "'-....J~ (.)~ >-~ ~~ o-E. 
J Inhalation • • • • • 

Incidental Ingestion • • • 
Dermal • • • 

Ingestion • • 

Incidental Ingestion • • • • • 
Dermal • • • • • 

External gamma • • • • • 

Ingestion • • 
• ~[Dermal 

\Inhalation I I I I • I I 

KEY: • identifies exposure routes for evaluation using 
quantitative risk assessment 

::J:,. 

~ ::s 
~ 
)..(' 

>:: 

::t:..::t; 
~ § 
t; ~ 
~ ::s 
~ ::t: ::s ~ .... ~ 
~§: 
~ 

S-~ 
~ ~ 
~ 
(S' 



Human Health Risk 
Assessment Methodology 

PATHWAYS/MECHANISM 

HISTORICAL SOURCES 

INITIAL RELEASE 
MECHANISM 

TRANSPORT 
MECHANISMS 

/ . ~mos~eric 
pers10n 

v Particulate Dispersion 

Volatilization -
.,/ 

·~~ace. Water Run·: 
f .• ~ .... :J· 

_J -

1'\* 
v -":Se~IR'18AI9--;6 

' ' ; 

Alluvial aquifers 
-:'l 

Infiltration 

SECONDARY RELEASE 
MECHANISM 
leachi01g 

v 

v Soil erosion 

~ 

Appendix K 

TABLE K·1 

SUMMARY OF CONCEPTUAL MODEL ELEMENTS 

CONCEPTMYPOTHESES 

• Operations/processes that contributed to the creation of the PRS (i.e., storage 
area, etc.). 

• Any spilling, leaking, pumping, pouring, emitting, emptyi~~g. discharging, injecting, 
leaching, dumping, or disposing into the environment. 

• Entrainment is limited to chemicals in surface soils. 

• Entrainment and deposition are controlled by soil properties, surface roughness, 
vegetatiVe cover,rnd terrain, as well as atmospheric conditions. 

• Volatilization of Jolatile organic compounds occurs in surface soils, subsurface 
soils, and surface water. 

• Surface water run-off is direc1ed by natural topographic features or manmade 
J diversiOns and flows toward the canyons. A topographic k)W can cause the water 
' to pond on the mesa top; however, in most cases, the water flows into the canyon. . Chemical transport by surface run-off can occur in solutio11'1, sorbed to suspended 

sediments, or as the result of mass movement of heavier bed sediments. 
• Surface run-off may carry chemicals beyond the OU boundaty. 
• Contaminated surface run-off may infiltrate the canyon-bottom alluvium. 
• Surface soil erosion and sediment transport are functions of run-off intensity and 

soil properties. 
• Chemicals dispersed on the soil surface can be collected by surface water run-off 

and concentrated in sedimentation areas in drainages. . Erosion of drainage channels can extend the area of contaminant dispersal in the 
drainage. 

• Surface run-off discharged to the canyons may infiltrate in11o sediments of channel 
alluvium. 

• Infiltration into surface soils depends on the rate of precipitation or snowmelt, prior 
soil water status, .depth of soil, and hydraulic properties of the soil. 

• Infiltration into lhe tuff depends on the unsaturated flow pn:>perties of the tuff. 
• Joints and fractures in the tuff may provide additional pathways for infiltration to 

enter the subsurface regime. 

• Storm water/snowmelt can dissolve chemicals from soil or c1ther solid media. 
making them available tor~ I e&-~..:.~ \ ~.,, . Water solubility of chemicals and their relative affinitY lor soil or other solid media 
affect the ability of leaching to cause a release. 

• leaching and subsequent resorption can extend the area of contamination. 
• The erosion of surface soils is dependent on soil properties., vegetative cover, 

slope and aspect, exposure to the force of the wind, and precipitation intensity 
and frequency. 

• Depositional areas. as well as erosional areas exist, and erosive loss of soil may 
not occur in all locations. 

• Storm water run-off can mobilize soils/sediments, making them available for 
contact. 

• Storm intensityl!requency, physical properties of soils, topography, and ground 
cover determine the effectiveness of erosion as a release mechanism. 

• Erosion may also enlarge the contaminated area. 
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CONCEPTMYPOTHESES 

Human Health Risk 
Assessment Methodology 

• The loS$ of rock from the canyon walls is a discontinuous, observable process. 
• The rata of the procaS$ is extremely slow. 
• Wind suspension of contaminated soiVsediment as dust makes chemicals 

available for contact via inhalation/ingestion. 
• Physical properties of soil (e.g., silt content. moisture content), wind speed, and 

size of exposed ground surface determine effectiveness of wind suspension as a 
release mechanism. 

• Wind suspension can enlarge the area of contamination and create additional 
exposure pathways, such as deposition on plants follow11d by plant consumption 
by humans/animals. 

• Manual or mechanical movement of contaminated soil d~aring construction, 
remediation, or other activities makes contaminated soil i!Vailable for dermal 
contact, ingestion, and inhalation as dust. 

• The method of excavation (i.e., type of equipment), physical properties of soi~ 
weather conditions, and magnitude of excavation activity· (i.e., depth and total 
area of excavation) influence the effectiveness of excavation as a release 
mechanism. 

• Excavation can increase or decrease the size of the contaminated area, 
depending on how the excavated material is handled. 

• Vapors, aerosols, and particles (including dust) can be inhaled and absorbed 
by the lungs and mucous membranes. . Physical and chemical properties of airborne chemicals influence the degree of 
retention in the body after being inhaled. . Ingestion of soil, water, food, and dust can lead to chemical intake via absorption 
in the gastrointestinal tract. . Some hazardous chemical constituents absorb through the skin when in contact 
with contaminat.xl surfaces of soil, tuff, or rubble. . Physical and chemical properties of chemicals influanca tlhe degree of dermal 
absorption. . Factors such as skin moisture and temperature affect the degree of dermal 
absorption. . External, or whole body radiation, can occur through exposure to gamma-ray-
emining radionuc!ides that may be present in soil either directly through the soil or 
re·entrained dusts. . Exposure to penetrating radiation can also occur through inhalation or ingestion 
when radionuclide-contaminated soil or tuff surfaces erode and/or dusts become 
re·entrained. 
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3. 2 Exposure Scenarios 

3. 2. 1 Sources of Contamination 

Potential sources of environmental contamination at the Laboratory are leaking 
tanks and other subsurface structures, spills, surface disposal, etc. Contaminants 
released during past operations could be transported from the medium in which a 
spill occurred to other media (e.g., surface soil contaminated by an operational 
release could provide a source of contamination for ~;ediments in drainages). In 
some cases, the source itself may be the exposure point. Information is being 
gathered during the RFis to identify possible sources of contamination and 
release mechanisms for each PAS at the Laboratory. 

The original release sources at the Laboratory include but are not limited to 

• subsurface sources: buried wastes [landfills, materials 
disposal areas (MDAs)J, septic systems (tanks and 
drainlines), sanitary waste treatment facilities, sumps, 
underground storage tanks, and storm se~wers. 

• surface sources: firing-site experiments (including firing 
pads and chambers), blowdown from cooling towers, 
surface disposal units (e.g., burn areas), drop tower 
experiments, spills, storage areas, buildings, outfalls, debris, 
and fallout from stack emissions. 

Many of the constituents found in the environment are naturally occurring (e.g., 
metals and polycyclic aromatic hydrocarbons); however, past Laboratory 
operations may have contributed to the release of several classes of compounds 
at levels that exceed background levels. The following paragraphs describe 
sources that may have contributed to environmental contamination. 

Many types of volatile organic compounds (VOCs) have been used in Laboratory 
experiments and maintenance operations. Nonhalogenated VOCs were used as 
solvents and scintillation cocktails (e.g., acetone, tc,luene, and benzene) and 
may have been present in paints, paint thinners, and fuels. Halogenated VOCs 
were also used as solvents and degreasing agents (e.g., 1,1,1-trichloroethane 
and trichloroethane) and may have been present in nesearch chemicals. These 
types of compounds may be found in buried waste, sumps, drainlines, 
underground storage tanks, septic systems, sanitary waste treatment facilities, 
spills, storage areas, buildings, and outfalls. 

Semivolatile organic compounds (SVOCs) include a variety of chemical groups 
[e.g., polychlorinated biphenyls (PCBs), polycyclic: aromatic hydrocarbons 
(PAHs), pesticides, herbicides, and others that may have been used in research 
applications]. Because PCBs have been used widely as coolants and lubricants 
in transformers, capacitors, and other electrical equipment, it is expected that 
transformers, MD As, storage areas, and landfills contain PCBs. PAHs are typically 
generated ~s products of incomplete· combustion or detonation of fuels and/or 
fuel oil. Thus, PAHs are most likely to be found in buried wastes, firing sites, burn 
areas, drop tower experiments, waste oils, spills, storage areas, buildings, 
outfalls, and debris. Sources of possible pesticide and herbicide contamination 
include maintenance and chemical storage areas -(streh as ffiagazines) and any 
surface soil at locations where pesticides and/or herbicides were used regularly to 
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control pests and vegetation. Other SVOCs may be found at source areas such 
as buried waste sites, sumps, drainlines, spills, storage areas, buildings, outfalls, 
and debris. 

Metals and related compounds were used for a variety of purposes in past 
Laboratory operations, and their presence is likely to be confirmed at many 
source areas. Metals are typically associated with plating activities (chromium and 
nickel), blowdown from cooling towers (chromates and molybdenate1s), 
photoprocessing operations (silver and cyanide), machining operations, 
electroprocessing operations (nickel, lead, silver), and activities associated with 
machining, testing, and disposing of explosives (beryllium and lead). 

Some PASs may contain high explosives (HE) used in formulations (e.g., TNT, 
ADX and HMX), their environmental degradation products (e.g., DNT and TNB), 
impurities of commercial HE, inert components (e.g., cyanuric acid), residual HE, 
and binders (e.g., nitrocellulose). Several types of explosives and their 
degradation products may be present in the soils and/or sediments at sites whE3re 
explosives were or are currently processed, assembled, machined, ston~d. 
tested, or disposed. PASs that contain sites of past HE activities are likely to 
include buried waste, sumps, drainlines, firing sites, surface disposal units, drop 
tower experiments, storage areas, burn areas, buildings, outfalls, and debris. 

Aadionuclides have been used in a variety of Laboratory studies and operations, 
including medical research (iodine, tritium); animal studies (lanthanum, 90Sr, 
cobalt, cesium); reaction (iodine, tritium); detonation of test assemblies (140L.a, 
depleted uranium); radiographic facilities for examination of HE charges (radium, 
90Sr, cobalt); weapons research and testing (plutonium, uranium, americium, 
tritium); and other research (fission and activation products). Sources that 
contain radionuclides are widespread across the Laboratory; these sourc,es 
include septic tanks, dry wells, drainlines and drain fields, outfalls, storage areas, 
surface disposal areas, MDAs, landfills, stack emissions, and firing sites. 

3. 2. 2 Exposure Pathways 

Exposure pathways describe the courses that contamination takes from i1ts 
source to a receptor. Exposure pathway analysis at the Laboratory links source's, 
locations, and types of environmental releases with locations and activity patterns 
of receptors to determine the significant pathways of exposure (Figure K-1 ). 
Exposure generally involves three elements: (1) a source and mechanism for 
contaminant release, (2} a pathway consisting of a retention or transport medium 
and a location of potential human contact with the contaminated medium (oftEm 
referred to as the exposure point), and (3) a receptor who may receive a dose of a 
contaminant via ingestion, inhalation, or dermal contact at the exposure point. A 
medium contaminated as a result of a past release can be a contaminant source 
for other media, e.g., soil contamination can be a source for groundwater or 
surface water contamination. In some cases, the source itself is the exposure 
point, without any release to other media. 

3.2.2.1 Contaminant Release Scenarios 

Possible release mechanisms and potentially impacted environmental media are 
described in Table K-1. Under current conditions, the release mechanisms 
considered most likely to lead to human exposures to contaminants from PASs 
are (1) dispersion of airborne particulates or gases from contaminated soil into the 
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air, (2) surface water run-off, which would redistribute soil contaminants into 
drainage pathways, (3) release of external gamma radiation, (4) generation of 
radon gas from a few PASs that contain high concentrations of radon-generating 
contaminants (i.e., radium and thorium), and (5) volatilization for a few PASs that 
contain high concentrations of tritium or volatile organic compounds. 

The potential for contaminants to migrate from surfaco and subsurface soil areas 
to the main aquifer is considered low because of the nature of the tuff underlying 
the Laboratory, the high rate of evapotranspiration relative to precipitation in 
northern New Mexico, and the great depth to the main aquifer (600 ft or more). 
However, the Laboratory is continuing to investigate the possibility of more rapid 
contaminant transport along fractures in the tuff and the extent of perched 
groundwater. Alluvial aquifers in some canyon bottoms contain significant 
quantities of contaminants, but these aquifers do not appear to provide enough 
water to support domestic or recreational use. Wh1en groundwater may be a 
reasonable source of human exposure, EA Program risk assessments evaluate 
potential exposure to perched and alluvial groundwater on a PAS-specific basis. 

3.2.2.2 Contaminant Fate and Transport 

A variety of site-specific and chemical-specific factors influence the fate and 
transport of environmental contaminants at the Laboratory. Once a contaminant 
has been released to the receiving medium, it may be 

• transported (e.g., carried downstream in water or 
transported through air), 

• physically transformed (e.g., by volatilization), 

• chemically transformed (e.g., by hydrolysis or oxidation), 

• biologically transformed (e.g., by biodegradation), and/or 

• accumulated in one or more medium, including the receiving 
medium. 

To determine the fate of contaminants at a particula1r PAS, information on the 
contaminants' physical and chemical properties is required. Representative 
physical and chemical properties of contaminants of concern at the Laboratory 
include Koc (the organic-carbon-partitioning coefficient), Kow (the octanoVwater
partitioning coefficient), Henry's Law Constant, solubility, vapor pressure, 
bioconcentration factor, and medium-specific half-life. Site-specific 
characteristics that may influence fate and transport must also be considered. 
Examples of site-specific characteristics include soil properties, such as moisture 
content, organic content, grain size, and cation exchan!ge capacity. 

In performing risk assessments, the ER Program uses applicable chemical and 
site-specific information to evaluate transport within and between media and 
retention or accumulation within a single medium. Data from environmental 
sampling will be used to identify media that are contaminated now. Fate and 
transport modeling may be required to identify media that may be contaminated 
now (for media not sampled) or in the future. 
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3. 2. 3 Characterization of Potentially Exposed Populations 

3.2.3.1 Demographic Data 

Los Alamos County includes the two residential areas that border the 
Laboratory-the towns of Los Alamos and White Rock. The Los Alamos 
townsite, at the northern border of the Laboratory, had an estimated populatiion 
of 12,000 in 1990; the town of White Rock immediately to the east of the main 
Laboratory site had an estimated population of 7,200 in 1990. The percent of 
the Los Alamos County population under age 18 is approximately 26%; about B% 
of the population is 65 years of age or older (Environmental Protection Group 
1990, 0497). 

Large tracts of land to the south, southeast, and west of the Laboratory are 
managed by the National Park Service (Bandelier National Monument} and the 
Forest Service (Santa Fe National Forest}. Bandelier National Monument is used 
exclusively for recreation (e.g., hiking and camping}, whereas, on Santa Fe 
National Forest lands, grazing, logging, and other uses, in addition to recreational 
use, are allowed. The Rio Grande forms the southeastern boundary of the 
Laboratory; the land on the opposite bank belongs to the Santa Fe National 
Forest. The San lldefonso Pueblo borders the Laboratory to the northeast. 

3.2.3.2 Land Use 

Ideally, estimation of risks to human health and the environment at the Laboratory 
will be based on reasonable and site-specific land use and exposure assumptions 
that reflect stakeholder input. However, until this input has been provided and 
incorporated, current and future land use at all OUs is assumed be residential. 

An approach that will be proposed to stakeholders involves a number of 
scenarios for two categories of PRS: those located inside and those locat,ed 
outside Laboratory boundaries; therefore, these two categories are discuss,ed 
separately. The land use scenarios discussed in this appendix are generaliz,ed 
scenarios that are likely to apply to many of the OUs under evaluation. HoweV43r, 
OU-specific differences in current and potential future land uses should be 
considered in individual risk assessments. This OU-specific information should 
be used to identify appropriate receptors for evaluation. 

3. 2. 3. 2. 1 Current Land Use Scenarios 

3. 2. 3. 2. 1 . 1 Extra-Laboratory OUs 

Three OUs-1 071, 1 078, and 1 079-address areas located outside current 
boundaries of the Laboratory. Two of the extra-Laboratory PASs are located in 
the town of Los Alamos; the third contains many sites located on canyon sides or 
in canyon bottom areas to the north, south, and east of the town. Some PASs 
comprising these OUs eontinue are still managed and used by the Laboratory; 
others are considered to have been remediated by past decontamination and 
decommissioning (D&D} projects and have been released for unrestricted use. 
Changes in regulatory standards and guidance since past remediation activiti43S 
have led to listing some of the released areas as solid waste management units in 
the HSWA Module. Current land use categories for extra-Laboratory PASs can 
be classified as (1} commerciaVindustrial, (2} recreational, and (3} residential. 
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3.2.3.2.1.2 Laboratory OUs 
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The most prevalent current land use for OUs and PASs located within the 
Laboratory's current boundaries is Laboratory operations, which encompasses 
potential exposure of employees. Risk assessments for these OUs will evaluate 
exposure of current employees to residual contaminants from past operations 
using data collected under the ER Program. Risks from current operations (i.e., 
occupational exposures) are monitored by the op1~rator groups and are not 
included in ER Program risk assessments. 

Large portions of Laboratory property are currently undeveloped. Many of these 
properties are located in canyons; a few are located on mesa tops. Much of the 
undeveloped land controlled by the Laboratory is used as a buffer zone to 
provide security for Laboratory facilities and as a reserve for future construction 
(Chapter 2). The public is allowed limited access to some Laboratory areas (e.g., 
parts of Ancho, Mortandad, and Pueblo canyons, and an archaeological site near 
the White Rock Y). 

Some of the currently undeveloped areas of the Laboratory were used for 
operations or waste disposal in the past, and contaminants may have migrated to 
other areas (e.g., surface run-off may have carried Ct:>ntaminants into canyons). 
Current use of undeveloped areas is limited to occasional recreational use (e.g., 
hiking or biking) by Laboratory employees, the publiic (for the few areas listed 
above), and trespassers. 

3. 2. 3. 2. 2 Future Land Use Scenarios 

3.2.3.2.2.1 Extra-Laboratory OUs 

Future land use for most extra-Laboratory PASs (including canyon bottom areas) 
is presumed to be residential because this use is generally the most restrictive. 
Physical restrictions for some extra-Laboratory areas preclude residential use 
(e.g., steep canyon sides, narrow bottoms); an appropriate future land use 
assumption for those areas is likely to be recreational. 

3.2.3.2.2.2 Laboratory OUs 

Future land use assumptions for OUs located on Labc>ratory property include (1) 
continued Laboratory operations and (2) recreation~1l use (hiking, biking, and 
camping). Future residential land use for most Laboratory OUs is implausible 
because they are likely to be managed by DOE over the long term. Proposed 
RCRA Subpart S supports the use of plausible assumptions on future patterns of 
use, assuming that institutional controls such as deed restrictions are used as 
necessary to guide those future uses (EPA 1990, 04~32). Most Laboratory land 
would involve a transfer of ownership to the neighboring National Park Service or 
National Forest Service, whose functions include managing recreational lands. 
Generally, future recreational land use is the most appropriate assumption for 
those canyon bottom areas unlikely to be used for Laboratory operations. For 
mesa tops, continued Laboratory operations is generally the appropriate future 
land use assumption. 

Notwithstanding the general assumption that future residential use of Laboratory 
OUs is implausible, it is acknowledged that limited areas released for recreational 
use might actually be used for residential purposes suc:h as ranger housing. The 
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Laboratory may need to re-evaluate these limited areas at the time a chang4~ in 
land use is proposed, using assumptions for a residential exposure scenario. 

3.2.3.3 Potential Receptors 

The appropriate current and future receptors likely to come into contact with 
contaminated media are being assessed (Figure K-1). The characteristics; of 
these generalized receptors are summarized below. Receptor-specific 
assumptions may need to be modified, or additional alternate receptors may be 
needed based on OU-specific data; however, it is expected that the generali•~ed 
receptor scenarios discussed below will be applicable for most ER Program risk 
assessments. 

3. 2. 3. 3.1 Receptors under Current Land Use Scenarios 

Currently, the receptors that may be evaluated in risk assessments are long-te1rm 
workers, construction workers, youth (i.e., age 10-18) recreational users, and 
residents. Only current residents of extra-Laboratory PASs will be evaluat1~d. 
The worker scenarios are appropriate for any properties currently used for 
commerciaVindustrial activities (e.g., commercial areas in extra-Laboratory OUs) or 
for continued Laboratory operations (Laboratory OUs). Exposure parameters for 
long-term workers should generally reflect the RME conditions, which include 
periods of outdoor work (discussed further in Section 3.4.2.1). PAS-specific data 
are used to determine whether a construction worker scenario, which evaluates 
subsurface contamination, should be assessed. 

The youth recreational scenario is used to evaluate current use of canyonside 
and bottom areas at extra-Laboratory sites and for trespassing on Laboratory
controlled PASs. This receptor is assumed to hike or bike frequently in the area 
encompassing a given PRS. 

It is assumed that long-term institutional controls are imposed on the MDAs at the 
Laboratory to prevent contact with subsurface contamination. These areas have 
been or are currently used for subsurface disposal of radioactive and 
nonradioactive waste, and it can be assumed that these areas would present a 
significant risk if excavation were to occur. For these MDAs, oAiy eurreAt m~a 
future exposure of loAg term 'Norl<ers to surfaee eoAtamiAatioA will be assessed: 
current exposures will be determined for workers, and long-ter·m 
risks will consider workers and the potential for migration of 
contaminants to an offsite receptor. 

3. 2. 3. 3. 2 Receptors under Future Land Use Scenarios 

For most extra-Laboratory OUs, the future receptor evaluated will be a resident, 
regardless of current land use. In a limited number of extra-Laboratory areas (e.!l·· 
canyon sides) in which physical restrictions preclude residential use, a youth 
recreational user will be assessed. 

For both mesa top and canyon bottom OUs whose past, current, or likely future 
use is Laboratory operations, the RME receptor is likely to be the long-term 
worker or the construction worker, both of which will be assessed as current 
receptors. However, the receptor most often assumed for canyon bottoms on 
Laboratory land will be a future camper (because most canyon bottom areas have 
not been used for Laboratory operations). 
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In general, it is not expected that canyonside arE~as will have subsurface 
contamination (i.e., greater than 2 ft in depth). Because of erosion, the soil in 
these areas generally does not extend to depths of greater than 2 ft. 
Accordingly, no current or future exposure to subsurface contamination on 
canyon sides needs to be considered. Also, the most plausible land use 
identified for canyonside areas is recreational USE!, which does not involve 
exposure to subsurface contamination. Therefore, the receptor evaluated for 
both current and future land use of canyonside areas will be the recreational 
youth user (i.e., hiker or biker). Exceptions can be addressed in PAS-specific risk 
assessments, as necessary. 

To facilitate evaluation of changed land use (particularly loss of institutional 
control) and to account for possible redistribution of subsurface contaminants to 
the surface, future receptors may be evaluated by assuming exposure to 
subsurface contamination that has been redistributed to the soil surface. Use of 
subsurface contamination levels estimates the AME for future receptors when 
subsurface contamination levels are higher than those at the surface. 
Appropriate use of surface or subsurface contaminant levels to assess future 
receptors will need to be determined on a PAS-specific basis. 

3.2.3.3.3 Application of Current and Future Scenarios in Risk 
Assessments 

In some instances, it may be sufficient to evaluate only one receptor for a given 
PAS: this receptor represents the maximally exposed individual under both 
current and future conditions. An example would be a PAS currently used 
residentially and at which no subsurface contamination exists. Conversely, 
depending on PAS-specific contaminants of concern, depths of contamination, 
and other factors, it may be necessary to evaluate up to three receptors for a 
single PAS. An example is an operating Laboratory IPAS at which both surface 
and subsurface contamination are present and at which subsurface 
contamination levels are higher than surface levels. For this example, a "current" 
long-term worker is assessed for the current exposure scenario (using surface 
contamination data), a construction worker is used to assess possible current 
exposure to subsurface contamination if excavation should take place, and a 
''future" long-term worker, who is assumed to be exposed to former subsurface 
contaminants that have been redistributed to the surface, is assessed for the 
future land use scenario. 

The risk associated with contamination of environmental media depends on the 
actual dose to receptors engaged in the activities that occur in the selected land 
use scenario. This dose is proportional both to thE~ temporal frequency and 
duration of exposure and to the integrol of the contaminant concentration over a 
spatial exposure unit within which these activities take place. For example, under 
the camping scenario, exposure may occur annual~' over several years for a 
period of 2 to 4 weeks each year (the exposure frequency and duration), during 
which time ·the receptor can be expected to roam over an area of one-half to 
several acres (the exposure unit). Exposure units for the land use scenarios 
used by the EA Program are defined below in Section 3.3.2. 

3. 2. 4 Summary of Receptor-Specific Exposure Routes 

Exposure routes evaluated for all potential receptors are inhalation of particulate 
and/or gaseous emissions from soils or structural surfaces, direct contact with soil 
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or dust from structural surfaces (ingestion and dermal contact), and external 
gamma irradiation from soils or structural surfaces (Rgure K-1). 

Potential contact with perennial surface water in canyon streams is most likely for 
the future camper and the youth recreational user. Contact with perennial surface 
waters may also be an exposure route for future residential scenarios in a limited 
number of extra-Laboratory canyon bottom PASs. Dermal uptake from surface 
water and incidental ingestion of surface water while wading are appropriate 
exposure routes for quantitative assessment. Inhalation does not need to be 
assessed because volatile contaminants are present in surface waters for only 
short periods before being dissipated to the air. The appropriateness of the 
surface water pathway should be determined on a PAS-specific basis; surface 
water may not be present in quantities large enough to warrant evaluation of this 
pathway. For most PASs, it is unlikely that worker contact with surface water will 
be a significant exposure route because infiltration occurs rapidly after storm 
events and areas of Laboratory operations are distant from perennial canyon 
streams. 

The need for assessment of exposure to temporary standing water after storm 
events will be assessed on a PAS-specific basis. However, surface water pools 
created by storm events are generally present only for short periods (e.g., about 
2 h) before infiltration occurs, and storm events capable of generating the1se 
pools occur approximately 3 to 11 times per year. Therefore, potential for contact 
with this standing water is limited. 

If field investigations reveal the presence of measurable gaseous emissio,ns 
directly to air (i.e., via subsurface vapor migration from MDAs), exposure to the1se 
emissions will be evaluated. Based on OU data available to date, the location of 
emissions is assumed to be distant from work and residential areas, which indicate 
that the receptor evaluated will be the youth recreational user or the future 
camper; inhalation will be the exposure route assessed. 

The ingestion exposure route may be evaluated for current and future residents 
who ingest homegrown produce and possibly for future campers who ingest wild 
edible plants (e.g., berries and nuts). PAS-specific information is needed to 
determine whether quantitative assessment of this pathway is appropriate. For 
example, extra-Laboratory PASs currently used for residences may have a 
concrete cover over the contaminated area, ruling out gardening. In this 
instance, evaluation of ingestion for the current resident would not lbe 
appropriate, although the pathway would be evaluated for a future resident to 
address the possibility that the concrete cover is removed. Similarly, ingestion of 
wild foods by future campers should be assessed only if edible species are 
identified in the vicinity of the PAS. 

Although ingestion of game animals such as elk is a possible current or future 
exposure route, the large territory over which these animals graze in semiarid 
climates makes the probability of significant uptake of contaminants from a sin~1le 
PAS small. Similarly, although grazing livestock on Laboratory lands may be 
allowed in the future, these animals would not be expected to have significant 
uptake of contaminants from any single PAS. Because the overall uptake from 
multiple PASs may result in significant bioaccumulation of contaminants in game 
animals, the risks from ingestion of contaminated meat may be evaluated on a 
Laboratory-wide basis. Therefore, evaluation of the game and/or livestock 
ingestion pathway is outside the ·scope of an OU-specific risk assessment. 
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Similarly, although contaminants from the Laboratory may have reached the Rio 
Grande River via canyon streams, the potential for contaminant intake as the 
result of ingesting fish will be evaluated (if needed) on a Laboratory-wide basis. 

For Laboratory OUs with associated alluvial aquifers in canyon bottoms, it is 
hypothesized that a well is drilled in the future to support recreational use of the 
areas. It is assumed that water supply to these Wt~lls is adequate to provide 
drinking water for future campers but not to provide bathing facilities. Therefore, 
ingestion is the only significant exposure pathway associated with groundwater to 
be evaluated for future campers. For extra-Laboratorv OUs, there is a possibility 
that canyon bottoms will be used residentially and tlhat a domestic well will be 
drilled to access alluvial groundwater, although this source may be limited. If 
necessary, ingestion of and dermal contact with contaminants in alluvial 
groundwater may be assumed for future residents in extra-Laboratory canyon 
bottom OUs (only when contaminants of concern have been identified in alluvial 
groundwater). Volatile contaminants are not likely to be present in alluvial 
groundwater because the most likely mechanism of contamination, run-off from 
contaminated surface soil, results in volatilization. However, should any volatiles 
be identified, inhalation of these contaminants dwring household use (e.g., 
showering) should be evaluated. 

3. 3 Estimation of Exposure Concentrations 

The media-specific concentration of a contaminant at the location of exposure 
(i.e., the exposure concentration) must be estimated in order to evaluate the 
amount of human exposure that might be associated with a contaminant source. 
This section provides guidelines for estimating exposure concentrations for all 
contaminants of concern in soil, air, produce, on structural surfaces, and in 
surface water and alluvial aquifers. 

Exposure concentrations can be estimated directly by using media-specific 
environmental sampling and analysis data or by using a combination of sampling 
data and environmental fate and transport calculations and models. For most risk 
assessments performed under the ER Program, som1~ combination of sampling 
data and fate and transport modeling will be required to estimate exposure 
concentrations. 

3.3.1 Methods 

3. 3. 1 . 1 Direct Estimation Use of Sampling Data 

Insofar as possible, sampling data will be used to directly estimate exposure 
concentrations for ER Program risk assessments. Din~t use of sampling data is 
particularly applicable when exposure involves direct contact with the 
environmental medium of concern (e.g., direct contact with contaminated soils) 
and in cases where monitoring has occurred directly at an exposure point (e.g., a 
drinking water well). For these example exposure scenarios, sampling data 
provide the best estimate of current exposure concen1trations. The data quality 
objectives (DQO) process applied to the design of sampling plans during the 
phases of the RFI will result in the eolleetion of eA'Vironn1ental data appropriate for 
use in the risl< assessment. 
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In some instances, it may not be appropriate to use etreet sampling data ~ooe 
directly to estimate exposure concentrations, and some form of environmental 
fate and transport calculations or computer modeling applications will be required. 
Instances in which fate and transport calculations or modeling may be required 
include the following: 

• Fate and transport calculations for contaminants will be 
required when exposure points are remote from 
contaminant sources and when release mechanisms exist to 
transport contaminants to an exposure point (e.g., transport 
of contaminants in groundwater to a receptor). 

• Modeling will be required when temporal distribution of 
contaminants is needed and monitoring data are lacking. 
Typically, environmental sampling data give an indication of 
current conditions. Although there are situations in which it 
is reasonable to assume that contaminant concentrations will 
remain constant over time, in many cases, the time span 
over which data are taken during one-time sampling are not 
adequate to predict future exposure concentrations. 

• When direct measurements of contaminant concentrations 
in air are unavailable, fate and transport modeling will be 
needed to determine air concentrations based on 
contaminated soil concentrations. 

The level of effort required to estimate exposure concentrations depends on the 
type and quantity of data available, the level of detail required in the assessme~nt, 
and the expected level of risk to human health and the environment. In general, 
estimating exposure concentrations involves analyzing direct sampling data and 
applying simple environmental fate and transport calculations. Section 3.!J.2 
describes simple methods for estimating exposure concentrations 
for the exposure routes of inhalation of particulates and gas, 
ingestion of contaminated plants, and external gamma radiatictn, 
on the basis of concentrations of contaminants in surface and 
subsurface soil. 

More sophisticated modeling approaches than those present1ed 
there may be required, based on PAS-specific needs. For those 
efforts requiring a complicated modeling approach, a wide variety of EPA
approved contaminant fate and transport models is available for use in exposure 
assessments. Contaminant fate and transport models are applied in ER Program 
risk assessments on a PAS-specific basis. The procedure to eoAEiuet f 1::» r 
complicated contaminant fate and transport modeling includes 

• identifying and bounding the modeling problem and 
approach, 

• selecting qualified experts to identify the appropriate 
models to be applied (this step may also include developing 
models to account for unique conditions at the Laboratory), 
and 
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• communicating with regulatory agencies to obtain approval 
of the modeling approach before conducting the modeling 
exercise. 

The data quality objectives (DQO) process a1pplied to the design of 
sampling plans during the phases of the RFI will result in the 
collection of environmental data appropriate for use in the risk 
assessme.nt, whether direct or indirect modeling approaches are 
required. 

3. 3.1 . 2 Estimation of Reasonable Maximum Exposure (RME) 

EPA (1989, 0305) suggests using an "uppe1· 95% confidence limit 
on the arithmetic average concentration of ~contaminants at a site 
(or portion thereof)" as the appropriate statistic to represent the 
RME. In general, LANL will use the upper 9J5% confidence limit for 
the average concentration within an exposure unit as an initial 
point estimate of RME. Selection of statistical estimators for this 
average and for the corresponding 95% u1pper confidence limit 
depends on the statistical distribution of the observations. In 
Bayesian analyses, 95% upper confide111ce limits would be 
replaced by upper 95% probability bounds. 

A recent Science Advisory Board review (EPA 1993, 1013) of the 
Human Health Evaluation Manual recommended that EPA move 
toward a distributional approach for calc:ulating AMEs. This 
approach would require the development o·f distributions for the 
parameters that enter the calculation of individual exposures. 
These distributions, together with Monte Carlo simulation 
methods, would then be used to determine the distribution of 
exposure,· and an appropriate quantile of thE! distribution (e.g., the 
95th percentile) would be used as the RME.. The ER Program at 
Los Alamos endorses this distributional app1·oach to exposure and 
risk assessment, and distributions for environmental data and 
parameters used in calculating dose/intake should be developed. 
However, this represents a substantial investment of time and 
energy, and initially such distributions will be used primarily for 
quantitative uncertainty analysis. 

3. 3.1 . 3 Uncertainty in Exposure Concentration Estimates 

Evaluating uncertainty is a very important component of the exposure 
assessment. EPA (1989, 0305) specifies that a qualitative discussion of 
uncertainty in the exposure analysis should include (1) a tabular presentation of 
the ranges of estimates of exposure concentrations and exposure parameters 
consistent with the data, the point values used in callculating the RME dose or 
intake, and a brief description of the rationale used in selecting the point value; 
and (2} a summary of major sources of uncertainty in the risk assessment that 
specifically addresses monitoring data, the models used to estimate exposure 
concentrations, and the vaftte5 point estimates selected for intake variables 
parameters. 

The same EPA guidance document suggests using on "upper 96% confidence 
limit on the arithmetic a>o'erage [that is, the mean or expected value] concentration 
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of eeAtaminants at a site (or portion thereof) [that is, within an exposure unit]" -as 
the ap!;)ropriate statistic for represeAting an RME. The wards in braeiEets abc~Ye 
interpret the phrases used in the EPA regulatory guidance in terms that are used 
in the los Alamos ER Pregmm. The aritl=lmetie mean of the observations #rem -an 
exposure unit is net the only reasonable estimator for the mean eeneentratien-ifl 
that CXj3esure unit. Depending en ebsmved distributional shapes, there may -be 
substaAtially better estimators. The selection of an appropriate estimator of the 
mean is tailored to each situation. 

The EPA guidance assumes a classical approach to statistical data analysis. lk 
Bayesian approach is taiECn instead, constructs such as confidence bounds eefl 
be replaced by probability intervals, and significance levels ean be replaced -by 
probabilities that hypotheses are true. Although the basic idea of estimating aFI 

RME •t~ith an upper bound for a mean eeneentmtien may remain, the Bayesiafl 
construction of such an estimate is .quite different from the classical eenstruetioo 
espoused in the current guidance. A Bayesian analysis demands eenstruetien-ef 
an exposure eeneentmtien distribution from 't't'hieh pertinent statistics (such as 
means, probability bounds, quantiles) may be calculated directly. 

A reeeAt Science Ad•1isery Board review -(EPA 1993, 1 013)-of the Ht.imaR 1-/ec.tl#l 
Eva.'·uatioR Mam;a! recommended that EPA move toward a distributier'tal 
approach fer calculating AMEs. This approach requires that the EPA develep 
distributions fer the variables needed to calculate individual exposures; these 
distributions, together with Mente Carle simulation methods, are used -te 
determine distributions of exposure, and an appropriate quantile of th-e 
distribution (e.g., the 90th or the 95th percentile) could be used as the RME 
(e.g., the 90th percentile of the exposure distribution corresponds to Bfl 

exposure eeneentratien fer •t~hieh there is a 90% probability that an individual-is 
exposed at no greater level). The ER Program at los Alamos endorses this 
distributional approach to exposure and risiE assessment, and, where possible; 
distributions fer environmental data and parameters used in calculatin-g 
deselintal<e should be developed and presented. However, at present, EPN·s 
policy is to use distributional approaches only as a means of assessin-g 
uncertainty. 

In the following subsections, simple methods are deseFibed by which to estimote 
exposure concentrations fer the exposure routes of inhalation of-particulates and 
gas, ingestion of contaminated plants, and external gamma radiation, en the ba:lis 
of eeneentratiens of contaminants in surface and subsurface soil. More 
sophisticated modeling approaches than these presented may be requirclEI; 
based en PAS specific needs. 

In addition, particularly where a complex modeling approach to 
exposure estimation is required, quantitative assessments of tlile 
effect of uncertainty in all parameters, including both those 
estimated from site-specific data and those whose values are 
selected from other sources, is recommended. The Monte Car-lo 
simulation method mentioned in the preceding section may 
indicate that the point estimates are in an extreme tail of the likEtly 
distribution of actual exposure concentrations. In this case a 
reevaluation of the selected point estimate may be required. 
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3. 3. 2 Exposure Concentrations for Various Exposure Pathways 

3.3.2.1 Exposure Concentrations for Soil-Belated Exposure 
Pathways 

Soil data can be used to estimate exposure concEmtrations for the following 
pathways: incidental soil ingestion, dermal contact with soil, inhalation of 
particulates and gases, ingestion of contaminated plants, external gamma 
exposure, and inhalation of radon and its decay products. These pathways are 
addressed in the following subsections. Using measured air or food 
concentrations, gamma exposure rates, and radon concentrations (when 
available) is preferable to the use of soil data for the following pathways: 
inhalation of particulates and gases, ingestion of contaminated produce, external 
gamma exposure, and inhalation of radon. 

Under the Laboratory's EA Program, surface soil samples are generally 
considered to include any data obtained within the top 6 in. of soil, although 
some surface samples may be obtained from up to 2ft of soil (EPA 1989, 0088). 
In assessing the risk from incidental soil ingestion, dermal contact, and particulate 
inhalation, it is preferable to use soil samples taken from shallow depths (2 in.) 
because receptors are most likely to be exposed to ne~ar-surface soils. However, 
in instances in which contaminant levels in tho upper 2 ft of soil are 
homogeneous or in which levels in the 0.5- to 2-ft horizon exceed those in the 0-
to 0.5-ft horizon, use of data from the lower horizon will provide equal or higher 
estimates of dose or intake. Use of data from the O.S- to 2-ft horizon also takes 
into account possible limited soil intrusion by receptors. Therefore, use of data 
from the 0.5- to 2-ft horizon to derive surface e>:posure concentrations is 
acceptable and should be used as necessary on a PAS-specific basis. 

For the purposes of ER Program risk assessments, subsurface soil is considered 
to extend to a depth of 12ft (EPA 1989, 0088). This depth is assumed under 
ACAA guidance because 12 ft is considered the maximum depth to which a 
basement is excavated, and therefore direct exposure to contaminants in soils 
deeper than 12ft does not need to be assessed. (Contamination of soil or tuff 
found at depths of greater than 12 ft may be assessed by modeling potential for 
transport to groundwater.) For many mesa tops in thE~ vicinity of the Laboratory, 
consolidated tuff is reached at depths of less than 12 ft. It is also uncommon for 
house foundations to be placed in the tuff in the Los Alamos area . Therefore, 
the total depth used to derive direct subsurface exp,osure concentrations may 
be adjusted on a PAS-specific basis. 

An exposure unit is defined as the surface area over which a given receptor is 
assumed to receive a daily average exposure. Ideally, when data are collected for 
risk assessment, sampling plans are designed so that the samples collected 
represent the area over which they will be averaged. The statistics used to 
describe the contaminant distribution (the AME) for th1e exposure unit of concern 
are used to calculate the dose to a receptor (e.gr., current EPA guidance 
suggests using a 95% upper-confidence bound of the~ arithmetic average). For 
example, a resident could be assumed to be randomly exposed to an area of soil 
equal to the average size of a residential property [about 1/8 acre (500m2) (EPA 
1989, 0305)]. 

Precedent for using the exposure unit concept is give·n in EPA risk assessment 
guidance (EPA 1989, 0305). This EPA document states that "the area over 
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which the [receptor] activity is expected to occur should be considered when 
averaging the monitoring data.... For example, averaging soil data over an area 
the size of a residential backyard (e.g., 1/8 acre) may be most appropriate for 
evaluating residential soil pathways." 

The land use scenario assumed for the PRS directly leads to the definition of the 
area over which a receptor receives. a daily exposure. Thus, for ER Program risk 
assessments, each land use assumed (Section 3.2.2) has an associated 
exposure unit. Assumptions of appropriate exposure unit areas are made using 
site-specific information on land use patterns and likely activities for receptors 
being evaluated (EPA 1989, 0305). For ER Program risk assessments, assumed 
exposure unit areas are needed for four receptors: current and future residents, 
long-term workers, construction workers, and current and future recreational 
users. Assumed exposure unit areas for these receptors are presented in 
Attachment I and are discussed below. In general, PRSs on extra-Laboratory 
OUs are treated as residential and have an exposure unit of 500m2. 

Recreational land use scenarios have exposure units equal to 1/2 acre (2,000 
m2). A 1/2-acre area is a reasonable estimate of the area covered by a child 
playing, a youth recreating, an adult exercising, or a family camping in the lands 
surrounding Laboratory work sites. The exposure unit concept for recreational 
users assumes that receptors locate a "preferred area" in which to spend the 
predominant portion of their recreational time and that this area encompasses the 
PRS being evaluated. The half-acre exposure unit is not necessarily assumed to 
be square but can be fit to the site-specific landscape of the PRS (e.g., a IC>ng 
rectangle for an outfall). A variable exposure unit shape for the recreational 
scenario is an appropriate assumption because potentially contaminated amas 
are formed over easily accessible land, where receptors tend to be exposed. 

As part of the continued-Laboratory-operations land use scenario, 
commercial/industrial exposure scenarios have variable exposure unit sizes, 
depending on the type of PRS. PRSs modeled with a continued-Laboratory
operations scenario are generally on mesa tops and either have subsurface 
contamination or surface contamination only. For PRSs with a subsurface 
component for which a construction worker scenario is being evaluated, the 
exposure unit area equals the surface area of the contamination (i.e., it is 
assumed that the construction worker spends the entire exposure duration in the 
contaminated area and that no dilution from exposure to uncontaminated arE~as 
occurs). Construction worker receptors are likely to be exposed to a small area of 
contamination for a short time only. For PRSs with surface contamination, the 
appropriate. receptors for the commercial/industrial exposure scenario are ·the 
long-term workers at a site. Under the long-term worker scenario, the exposure 
unit chosen equals 500 rn2, which is a reasonable estimate for a typical site worker 
who works indoors, taking lunch and breaks outdoors or spending up to 4 h 
outdoors. 

When data have been collected without the appropriate exposure unit as a basis 
for averaging, an adjustment for the correct exposure unit must be incorporated 
before dose from soil sources can be calculated. Adjustment is made only for 
areas of contamination that are smaller than the exposure unit beeause areas U=tat 
are larger consider multiple exposure units (Appendix H describes prOJJet" 
methodology). units. For PRSs'that are smaller than the exposure unit, a 
correction factor can be applied to the dose or intake estimates to adjust th,em 
downward, accounting for the likelihood that, on average, the receptor will only 

November 1993 K-21 IWP, Revision 3 



Human Health Risk 
Assessment Methodology Appendix K 

be exposed to the contaminated area for a fraction of the daily exposure time. 
Corrections for exposure unit size can be mad~e with the "fraction from 
contaminated source" parameter (Section 3.4.2.8). 

3. 3. 2. 1 . 1 Exposure Concentrations for Incidental Soil Ingestion 

To evaluate exposures to current receptors (e.g., long-term worker, youth 
recreational user, resident at extra-Laboratory PAS), contaminant concentrations 
in surface soils are used to calculate incidental soil ingestion intakes. An 
appropriate statistic is used as the RME for the incidontal soil ingestion pathway 
(e.g., current EPA guidance suggests using the 95% upper confidence of the 
arithmetic average; averages and the corresponding upper 
confidence bounds are evaluated for appropriate exposure units). 

Assessment of potential exposure to subsurface soil contaminants is needed for 
evaluating the construction worker scenario and future exposure scenarios. For 
the construction worker, an appropriate statistic is used as the RME for the 
incidental soil ingestion pathway (e.g., again, current EPA guidance suggests 
using the 95% upper confidence of the arithmetic average, and averages are 
determined for the appropriate exposure units). 

Subsurface soil exposure concentrations can be used to evaluate exposures of 
future receptors exposed over the long term (i.e., workers, recreational users, 
residents of extra-Laboratory properties). To estimate~ exposures for these future 
receptors, it is assumed that subsurface soil contaminants have been 
redistributed to the soil surface before these receptors can be exposed. PAS
specific data, such as soil depth, volume of contaminated soil, likely future land 
use, and likely size of structure to be built on thEl property, are needed to 
determine the surface area over which the contaminated soil will be distributed. 
Assuming an appropriate soil thickness (e.g., 6 in.), area and depth of excavation 
corresponding to the likely type of structure to be built, and the appropriate 
exposure unit for the future receptor of interest, "derived" surface soil exposure 
concentrations for the future receptor can be estimated. This method is similar to 
one described by Reynolds et al. (1 990, 1 009) for estimating potential surface 
contaminant concentrations on the basis of measured subsurface levels. To 
distinguish these derived surface concentrations from measured surface 
concentrations in this text, the derived surface concentrations are termed 
"subsurface exposure concentrations." 

In instances where receptor-specific exposure conce,ntrations from surface soil 
data exceed exposure concentrations calculated from subsurface soil data, the 
risk assessor may decide to use surface soil data to assess risks to future 
receptors in order to ensure that risks are not underetstimated. This decision is 
based on the likelihood of future excavation and should consider site-specific 
data and probable future land uses. 

3. 3. 2. 1 . 2 Exposure Concentrations for Dermal Contact with Soils 

With few exceptions, the dermal absorption exposur~e route does not apply for 
most radionuclide contaminants in soil because the skin provides an effective 
barrier to the absorption of most radionuclides. Even absorption of tritium from 
soil water is likely to be much lower than absorption from immersion in a body of 
water, given equal concentrations of tritium. In the Los Alamos area, where soil 
moisture is generally low, dermal uptake of tritium from soil is assumed to be 
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It is possible that the presence of radioactively tagged organic contaminants will 
result in a dermal exposure route for radionuclides. The significance, if any, of 
this exposure route for radionuclides should be evaluated on a PAS-spec:ific 
basis. 

For chemicals, the significance of dermal absorption from soils is highly 
dependent on the identity of contaminants of concern for specific PASs. In 
general, organic contaminants are more easily absorbed through the skin than are 
inorganic contaminants. Chemical-specific data for the PAS-specific 
contaminants of concern should be used to determine whether evaluation of this 
pathway is appropriate. When evaluation is necessary, exposure concentrations 
are the same as those for the soil ingestion pathway (i.e., surface exposure 
concentrations for current receptors and subsurface exposure concentrations for 
future receptors, both in units of milligrams per kilogram). 

3. 3. 2.1 . 3 Exposure Concentrations for the Inhalation of Soil
Derived Particulates and Gases 

3.3.2.1.3.1 Particulates 

The inhalation-of-soil-derived-particulates exposure route includes the inhalation 
of contaminants adhering to dust particles that become airborne as the result of 
wind erosion and mechanical disturbances of contaminated soil. Exposure 
concentrations of airborne contaminants depend to some extent on the 
exposure scenario being assessed. For example, the concentrations of 
particulates inhaled by an indoor office worker are expected to be significantly 
lower than the concentration of particulates inhaled by an outdoor construction 
worker because particulate levels are higher in construction zones. The 
concentrations of airborne contaminants may be obtained by direct measuremEmt 
or by modeling the emission and dispersion from the source (i.e., soil). 

Generally, measured air concentrations of particulate-associated radionuclide and 
chemical contaminants will not be available for use in EA Program risk 
assessments. Emissions resulting from suspension of soils by wind erosion or 
vehicular disturbance can be estimated using site-specific input parameters and 
any of a number of models (e.g., models described in EPA's Superfund 
Exposure Assessment Manual (EPA 1988, 0747) or models from the Air 
Superfund National Technical Guidance Series (EPA 1989, 1011 ). Wh1en 
necessary, models can also be used to estimate dispersion from the source to 
downwind receptor locations. The need for air emission and dispersion modeling 
is determined on an OU- or PAS-sp~cific basis. 

In some instances, it is sufficient to estimate emissions from the contaminant 
source simply by obtaining a site-specific value for mass loading of particulates to 
air and assuming that radionuclide and chemical contaminant levels in these 
particulates are equal to those measured in soils. Average particulate level valwes 
can be used for most exposure scenarios and may be obtained from the 
meteorologic station nearest the site. An average value for the Los Alamos ama 
has been estimated as 0.09 mg/m3 (Environmental Protection Group 1990, 
0497). However, for the construction worker scenario, the assumed particulate 
level is higher because of receptor activities that disturb the soil. If data for 
construction sites at the Laboratory are not available, a particulate level of 115 
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mg/m3 , which is the Occupational Safety and Hea~th Administration's limit for 
nuisance dust (OSHA 1991, 0610), can be assumed for construction worker 
scenarios. It may also be necessary to assume a particulate level higher than the 
average level for some recreational users (e.g., bikE~rs), depending on whether 
their activities are expected to generate dusts. Appropriate assumptions based 
on PAS-specific particulate levels are made in individual ER Program risk 
assessments. 

Not all particulate matter is respirable by humans; therefore, an adjustment is 
needed to account for the respirable portion of the particulates. Paustenbach 
(1989, 1007) gives a range of 30% to 50% as the respirable fraction of 
suspended particulates. Unless site-specific data on levels of respirable 
particulates are available, it is recommended that 50% of air particulate matter be 
assumed to be respirable. Air exposure concentrations for particulate-associated 
contaminants can be estimated as follows: 

where 

Air EC =Soil EC x PC x CF x RF , 

Air EC = exposure concentration in exposure 
concentration in air (pic:ocuries per cubic 
meter for radionuclides, milligrams per cubic 
meter for chemicals), 

Soil EC = appropriate surface or subsurface soil 
exposure concentration (picocuries per 
gram for radionuclides, milligrams per 
kilogram for chemicals), 

PC = particulate concentration (milligrams per 
cubic meter), 

CF = conversion factor (1 o-3 g/mg for 
radionuclides, 1 o-6 kg/mg for chemicals), 
and 

RF = respirable fraction (0.5). 

(1) 

3.3.2.1.3.2 Gases 

Inhalation of volatile contaminants from soils is not a pathway of concern for most 
receptors because these contaminants volatilize quickly from surface soils; 
therefore, exposure is relatively short-term. EPA guidance (EPA 1991, 0302} 
does suggest evaluating this pathway for workers exposed to subsurface 
contaminants [e.g., construction worker scenari<>s for ER Program risk 
assessments (EPA 1991, 0302)]. The only volatile radiological contaminants of 
concern are radon and tritium. Radon is addressed separately (Section 
3.3.2.1.6). The concentration for tritium in air will be evaluated on a PAS-specific 
basis. Air exposure concentrations for volatile chemicals can be estimated as 
follows: · 
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where 

Air EC = Soil EC x (1NF} , 

Air EC = exposure concentration of volatile 
contaminant in air (milligrams per cubic 
meter), 

Soil EC = appropriate subsurface soil exposure 
concentration (milligrams per kilogram), and 

VF = soil-to-air volatilization factor, chemical
specific- (cubic meters per kilogram). 
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(2) 

Available soil-to-air volatilization factors for potential chemicals of concern are 
given in Appendix J. The equation for deriving volatilization factors is given in 
EPA guidance (EPA 1991, 0302). 

3. 3. 2 .1. 4 Exposure Concentrations for Ingestion of 
Contaminated Foods 

The ingestion of edible plants grown in contaminated soils presents a potential 
exposure route for current and future residents at extra-Laboratory PRSs and 
recreational users. When a•tailable, an appropriate statistic 'Nill be used al:rtfle 
RME for ingestion of edible vegetation concentrations of contaminant!; in 
edible vegetation are available, an appropriate statistic will be 
used as the RME for ingestion (e.g., current EPA guidance suggests 
using the 95% upper-confidence bound of the arithmetic average). Alternatively, 
concentrations in foods can be modeled from soil concentrations; food 
contamination resulting from root uptake is modeled separately from that resulting 
from foliar deposition. 

3.3.2.1.4.1 Root Uptake 

Root uptake will be the primary contributor to contaminant levels for nonleafy food 
species such as potatoes, carrots, and berries. Soil data can be used to predict 
contaminant concentrations resulting from root uptake in edible plants; how1ever, 
considerable uncertainty is involved. Contaminant-specific data relating 
concentrations in edible produce to soil concentrations are generally unavailable, 
especially for chemical contaminants. Soil-to-plant transfer factors available in the 
literature are derived from data used for evaluating radiological exposure from 
weapons testing fallout and may not be appropriate for evaluating chemical 
toxicity. Additionally, the transfer of contaminants of concern from soil to edible 
plants depends on many factors, such as plant species, pH of the soil, and 
chemical form of the contaminant (Gough et al. 1979, 0998). For some 
substances, a certain soil level is toxic to some plant species and, beyond that 
level, growth does not occur. 

Nonetheless, a general method for predicting contaminant concentrations in 
edible plants from soil concentrations is provided here for use in deriving baseline 
risk estimates. This method may result in overestimating concentrations in foods. 
If the resulting calculated risks are unrealistically high, a more thorough 
assessment may be required, based on PAS-specific contaminants of concern 
and data on soil types, growing conditions, and types of edible plants lik1ely to 
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grow in the Los Alamos area. 

Although not entirely applicable for every species of edible plant, soil-to-plant 
transfer factors have been assigned to many radioactive and inorganic 
substances (Yu et al. 1993, 1014; Ng et al. 1968, 1016; 1982, 1006). Plant 
uptake of organic compounds may be estimated using the procedure described 
by Briggs et al. (1982, 0995). Alternatively, soil-tc)·plant transfer factors for 
organic substances have also been compiled (Strange and Peterson 1989, 
0837). 

Exposure concentrations in edible plants may be calculated as follows: 

where 

Produce EC = Soil EC x TF x RDP , 

Produce EC :::: exposure concentration in edible portion of 
plant picocuries per gram for radionuclides, 
milligrams per kilogram for chemicals), 

Soil EC :::: exposure concentration in soil (picocuries 
per gram for radionuclides, milligrams per 
kilogram for chemicals), 

TF = soil-to-plant transfer factor, radionuclide- and 
chemical-specific (unitless), and 

RDP = root depth paramete~r. PAS-specific 
(unitless). 

(3) 

The root depth parameter is used to assess the fraction of root length that is in 
contact with contaminated soil, which essentially provides a dilution factor for root 
uptake. For example, if contamination is found only in the top 15 em of soil and 
the active root depth is 100 em, the root depth parame1ter is 0.15 (i.e., the fraction 
of contaminant in soil transferred to the plant is estimated to be 15% of the 
amount that would be transferred to a plant with a root depth of 15 em or less). 
Site-specific values of root depths for local edible plants should be used when 
available. If site-specific values for the species of concern are not available, 
generic values can be used (e.g., Zipparo et al. 19913, 1 015). This root-depth 
dilution factor method is recommended for the produce ingestion pathway if only 
surface soil [the top 6 in. (15 em)] is contaminated. 

Another approach for estimating the exposure concentration in edible plants 
resulting from root uptake is to use the effective soil eJ<posure concentration over 
the soil depth equivalent to the root length and to assume that the root depth 
parameter in Equation 3 is equal to 1. In cases where subsurface soil is 
contaminated, this weighted average method is recommended. 

3.3.2.1.4.2 Foliar Deposition 

Foliar deposition may be a significant contributor to contaminant levels for leafy 
edible species such as lettuce and spinach. A method has been developed that 
uses contaminant-independent "mass-loading" transfe~r factors from soil to air to 
edible portions of plants in estimating foliar deposiHon (Kennedy and Strange 
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1993, 1002). These mass-loading transfer factors are recommended for a variety 
of plant types and are added to contaminant-specific root uptake transfer factors 
to obtain total soil-to-plant transfer factors. (Both factors must be based on dry 
plant weight). The factors are then multiplied by dry-plant-weight to wet-plant
weight conversion factors. Finally, multiplication by the soil concentration yietlds 
the contaminant concentration in edible portions of the plant. The equation for 
this calculation is 

where 

Produce EC = CF x [(Soil ECett x TFRT) + (Soil ECsurt x TFFo)] x W , (4) 

Produce EC = concentration in edible portions of plant 
(picocuries per kilogram or milligrams per 
kilogram), 

CF = unit conversion factor (radionuclides only, 
1,000 g/kg), 

Soil ECeff = effective soil exposure concentration over 
length of roots (picocuries per gram or 
milligrams per kilogram), 

Soil ECsuri = surface soil exposure concentration 
(picocuries per gram or milligrams per 
kilogram), 

TFRT = soil-to-plant transfer factor from root uptake 
[picocuries (or milligrams) per kilogram dry 
plant per picocurie (or milligrams) per 
kilogram soil], 

TFFo = soil-to-plant transfer factor from foliar 
deposition [picocuries (or milligrams) per 
kilogram dry plant per picocurie (or milligram) 
per kilogram soil]. and 

W = dry-plant-weight to wet-plant-weight 
conversion factor (kilograms dry weight per 
kilogram wet weight). 

The above methodology, although inherently simple, is based on fix•:~d 
assumptions of airborne dust, crop yields, removal rates, etc. These assumptions 
should be evaluated for applicability to conditions at the Laboratory before using 
this model. 

3.3.2.1.5 Exposure Concentrations for External Gamma 
Exposure 

When possible, direct measurement. of external gamma exposure rates should be 
used to estimate external gamma exposure concentrations. Exposure to gamma 
radiation in air is measured by the quantity of ion pairs (ionization) formed per unit 
mass of air by gamma rays emitted from contaminated air, soil, and structural 
materials. For onsite assessments, the contribution from gamma emitters in air is 
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generally negligible compared with the other two sources. Exposure to external 
radiation may be estimated from the concentrations of emitters in the source, 
taking into account attenuation and source/receptor geometries. However, 
directly measuring exposure via the air pathway at the receptor location (in units of 
milliroentgens per hour) results in a faster, more accurate assessment of dose 
than measuring the concentrations in the source medium. 

When direct measurement of gamma exposure rates is not practical (e.g., for use 
in assessing future exposure from contaminat1~d subsurface soil), soil 
concentrations of specific radionuclide contaminants of concern can be used to 
estimate gamma exposure rates (external gamma irradiation from structural 
surfaces is addressed in Section 3.3.2.3). Other minor exposure routes, such as 
external radiation from immersion in contaminated dust and water, do not 
contribute significantly to the external gamma exposure of any of the postulated 
receptors. Therefore, exposure concentrations in air and water are not needed 
to assess the risk to receptors from the external exposure route. 

To assess external gamma irradiation from soils, soil exposure concentrations for 
the appropriate soil depths should be used. For current receptors, surface soil 
data (i.e., samples collected within 2 ft of the surface) should be used as the 
exposure concentrations. For future receptors, subsurface soil data will be 
needed to assess the risk both during activities involving soil excavation and after 
subsurface soil contaminants are redistributed to the surface. 

If the receptor is postulated to be indoors a significant portion of the time (i.e., 
long-term worker or resident) and the source of contamination is soil, shielding by 
uncontaminated structural materials should be taken into account to more 
realistically assess receptor exposure. The recommemded shielding factor is 0. 7 
(Yu et al. 1993, 1014). Also, the presence of any uncontaminated cover material 
should be accounted for in calculating the exposun~ rates. To conservatively 
assess the risks from the external exposure route, th«~ receptor is assumed to be 
located at the center of the contaminated area. 

3. 3. 2. 1 . 6. Exposure Concentrations for the Inhalation of Radon 

The presence of 226Ra (and other members of the natural uranium chain) or 228Th 
(and other members of the natural thorium decay chain) in soil or structural 
materials results in the generation of 222Rn or 22°Rn !~as, respectively. Exposure 
concentrations in air of either radon isotope may be estimated from the 
concentrations of radium or thorium in soil by using an appropriate model such as 
RESRAD (Attachment II to this appendix) or by measuring them directly. 
Modeling is recommended if radon precursors are d1etected and measurements 
of airborne radon are not available. Modeling is also nequired when estimating the 
dose in a future use scenario that involves indoor occupancy of buildings that do 
not currently exist (Section 3.4.3.6). In such cases, surface or subsurface soil 
concentrations for the appropriate radium or thorium isotope are used as 
exposure concentrations. 

When radon measurements are available, they should be used in calculating 
exposure concentrations. Radon measurements are usually reported in units of 
picocurie per liter. To calculate the radon dose, however, these concentrations 
must be corrected for the ingrowth of radon decay products, which contribute 
most of the dose. The radon concentration unit that accounts for this 
contribution is defined as the working level (WL), which is equal to the 
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concentration of short-lived decay products that release 1.3 x 105 MeV of 
potential alpha energy per liter of air. The concentrations of decay products in air 
are seldom in equilibrium with radon. To convert concentrations of radon from 
picocuries per liter to concentration of daughters in working levels, the degreE~ of 
equilibrium between the former and the latter must first be estimated. Equilibrium 
factors depend on factors such as radionuclide half-lives, radon emanation and 
ventilation rates, fraction of decay products attached to particulates, plateout of 
decay products, and particulate deposition rates. The following equation is used 
to convert the radon concentrations to decay product working levels (i.e., the 
exposure concentrations): 

where 

CwL = CpCill x CF EF , 

CwL = concentration of radon decay products 
(working level), 

CpCi!L = radon concentration (picocuries per liter), 

CF = conversion factor (working level per 
picocurie per liter), and 

EF = equilibrium factor (unitless). 

(5) 

The conversion factors for 222Rn and 220Rn are 0.01 and 0.13 WL per picocurie 
per liter, respectively (ICRP 1981, 1000). In the absence of site-specific data, an 
equilibrium factor of 0.5 is recommended (National Research Council 19~31, 
1 005). 

3.3.2.2 Exposure Concentrations for Water Pathways 

3.3.2.2.1 Ingestion of Groundwater or Surface Water 

When contaminants of concern are identified in potable alluvial groundwater, iit is 
appropriate to assess ingestion of groundwater in canyon bottoms. Water is 
considered potable if there is sufficient yield to support the assumed use (e.g., 
domestic or recreational use) and adequate quality (e.g., the water is low in total 
dissolved solids). The receptor to be evaluated for this pathway depends on the 
location of the PRS; a future resident is evaluated for extra-Laboratory PRSs, and 
a future camper is evaluated for Laboratory PRSs. No actual current use of alluvial 
groundwater is known. 

When sufficient numbers of samples exist, an appropriate statistic is used to 
represent the RME in alluvial groundwater. For example, current EPA guidance 
suggests using the 95% upper-confidence bound of the arithmetic averane. 
However, it is expected that data for alluvial groundwater will be limited to one or 
two rounds of sampling from only a few monitoring wells for most OUs. Given 
such limited data, it may be necessary to use the maximum level of each 
contaminant of concern in any monitoring well as the exposure concentration. 
The units are picocuries per liter for radionuclides and milligrams per liter :for 
chemicals. 

Perennial surface water bodies are generally limited to streams in a few canyon 
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bottoms. Assessment of potential exposure to contaminants in these surface 
waters includes an assumption of limited ingestion during recreational use (e.g., 
wading) by the youth recreational user, future camper, or future resident. The 
exposure concentrations are an appropriate statistic to represent the RME in 
alluvial groundwater. The units are picocuries per liter for radionuclides and 
milligrams per liter for chemicals. 

3.3.2.2.2 Dermal Absorption from Groundwater or Surface Water 

Dermal absorption of most radionuclides from water is negligible compared with 
other exposure pathways and is not assessed. However, absorption of tritium 
from water may be significant (Pinson and Langham 1957, 1008). The tritium 
exposure concentration used to evaluate dermal absorption from the water 
pathway is simply the concentration of tritium in wator in units of picocuries per 
liter. 

After chemical contaminants of concern have been identified for a PRS, their 
potential for dermal absorption from water should first be evaluated qualitatively. If 
a significant potential for dermal absorption exists, either an appropriate statistic is 
used to represent the RME in water, or the maximum contaminant levels detected 
are used as exposure concentrations, depending on the numbers of samples 
available. The units are milligrams per liter. 

3.3.2.2.3 Inhalation from Household Use of Groundwater 

In general, this pathway is unlikely to be applicable for ER Program assessments. 
The most likely mechanism for contamination of alluvial groundwater in canyon 
bottoms is via run-off from Laboratory operations on mesa tops. This mechanism 
would lead to volatilization rather than to leaching c>f volatile contaminants to 
groundwater. However, because there may be some sources of volatile 
contaminants in canyon bottoms, this pathway cannot be completely ruled out. 

If volatile contaminants are detected in alluvial groundwater, inhalation exposure 
to volatiles will only be a potentially significant pathway for extra-Laboratory areas 
in which future residential use is possible (future campers in canyon bottoms 
would not use the groundwater for bathing or showering). For future residents, 
showering is likely to be the most significant exposun~ source during household 
use. Because of the limited application of this pc:1thway, equations for the 
derivation of air exposure concentrations and dose/intake while showering are 
not presented. The need for evaluating this pathway should be determined on a 
PAS-specific basis. If needed, methods for evaluating exposure while showering 
are available [e.g., Byard (1989, 0996)]. 

3.3.2.3 Exposure to Contaminated Building Surfaces 

3.3.2.3.1 Radiological Contaminants 

Building surfaces that have been contaminated as a result of past Laboratory 
operations may result in worker exposures to these contaminants. It is assumed 
that these buildings will remain in use for industriaVcommercial purposes in the 
future. Therefore, only the long term worl<er seenario.s need be considered. or 
be demolished during 0&0. Long-term-wor~;er scenarios need to 
be considered for buildings that remain in 01peration. Demolishing 
and renovating contaminated buildings may result in hi,gher short-term exposures 
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to construction personnel; however, these health impacts are likely to be lower 
than exposures from long-term building use. Worker exposure to radiologiical 
contaminants in buildings may occur from one or more of the following pathways 
(Kennedy and Strenge 1993, 1 002): 

• dermal exposure to and inhalation of gamma radiation 
emitted from building surfaces, 

• ingestion of dust from contaminated building surfaces, and 

• inhalation of air contaminated by the entrainment of 
radionuclides from building surfaces. 

For the external exposure route, actual measurement of exposure rates at 
locations where individuals are likely to work provide the most precise estimatE! of 
worker doses. Alternatively, surface or volumetric concentrations of total 
radioactivity (loose plus fixed) in disintegrations per minute per 1 00 cm2 or 
picocuries per gram may be used in conjunction with shielding models or external 
dose rate factors to estimate exposure rates at receptor locations. 

For ingestion of radionuclides, the exposure concentration is the measured 
concentration of loose surface contamination in disintegrations per minute per 
100cm2. 

The exposure concentration for the inhalation pathway resulting from the buildiing 
occupancy scenario may be obtained by direct measurement of airborne 
contaminants (picocuries per cubic meter for radionuclides). When no 
measurements are available, the exposure concentration may be obtained by 
modeling the resuspension of contaminants from building surfaces (Kenne!dy 
and Strange 1993, 1 002). 

3.3.2.3.2 Chemical Contaminants 

Exposure to chemical contaminants on indoor surfaces may occur via ingesti<)n, 
dermal contact, and inhalation. Ingestion and dermal contact are possible only 
when surfaces are accessible for direct contact. Potential for inhalation depends 
on the extent of dust resuspension. For ER Program risk assessments, vola1tile 
contaminants are presumed to have dissipated. 

A recent review of the literature found no correlation between chemical 
contaminant concentrations in surface wipe samples (for which methods are 
specified under the Occupational Safety and Health Act) and air concentrations of 
those chemicals (Caplan 1993, 0997). Caplan attributed the lack of correlation to 
the dependence of resuspension on several factors, including properties of 
dusts (e.g., adhesiveness, particle size distribution, and density); properties of 
surfaces (e.g., macro- and microstructure, adhesive properties, porosity); and 
variable activities in buildings (e.g., foot traffic, vehicle traffic, vibrations, air 
exchange). Because an accurate resuspension factor for chemicals from 
surfaces to air is not available, monitoring data will likely be needed for estimating 
air exposure concentrations caused by surface contamination. Wipe samples will 
be used to identify contaminants that might be present in air. 

Estimates of potential ingestion and/or dermal contact exposure via contaminated 
indoor surfaces can be made using wipe sample data and assumptions on extemt 
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of contact. The receptor of concern for this exposure pathway in ER Program risk 
assessments is a long-term worker. The need for as:sessing this pathway should 
be evaluated on a PAS-specific basis. Exampl<es of risk calculations for 
contaminated building surfaces in the literature are scarce, although such an 
analysis has been conducted for dermal contact with PCBs on contaminated 
surfaces (Rosenbaum et at. 1990, 1010). For the ingestion pathway, methods 
used for assessing radiological contamination in buildings (Kennedy and Strenge 
1993, 1 002} could be adapted to address chemical contamination. 

3. 4 Estimation of Radiological Dose and Chemical Intake 

3.4.1 Methods 

3. 4. 1 . 1 General Exposure Parameters 

Estimates of exposure are based on the contaminant concentrations at exposure 
locations (Section 3.3) and scenario-specific assumptions and exposure 
parameters·. Scenario-specific assumptions include factors such as frequency 
and duration of exposure to a contaminated medium by a potential receptor. 
Exposure parameters are associated with the route ,of exposure (e.g., ingestion 
and inhalation). The assumptions and intake factors for the exposure scenarios 
applicable for ER Program risk assessments are presented in Section 3.4.2. The 
approach and equations for determining contaminant doses and intakes at the 
potential exposure locations are given in Sections 3.4.3-3.4.5. 

The EPA's risk assessment guidance recommends the quantification of intakes 
for each route of exposure from an exposure me!dium (EPA 1989, 0305). 
Exposure estimates are based on the RME expected to occur under current and 
future land use conditions (Sections 3.2.2. and 3.2.:~). The RME is defined as 
the highest exposure that can reasonably be expected to occur at a site. 
Scenario assumptions and intake parameters used to estimate the RME are 
based, to the extent possible, on values provided in the Exposure Factors 
Handbook (EPA 1989, 0304), in Human Health Evaluation Manual (EPA 1989, 
0305), and in a supplement to that manual (EPA 1989, 1011 ). Section 3.3 
provides further discussion of appropriate methods for estimating the RME. 

3. 4. 1 . 2 Estimates of Radiological Dose 

Internal exposure to radioactive contaminants is expressed in terms of the 50-yr 
committed ·effective dose equivalent (CEDE). To calculate the CEDE, the 
contaminant concentration is multiplied by dose conve1rsion factors (DCFs) and by 
the environmental transport factors appropriate for 1each medium and receptor 
scenario. Dose conversion factors, which are specific to the radionuclide and 
exposure pathway, are used to determine the CEDE per unit intake of the 
radionuclide. Derivation of DCFs incorporates the following consideration for 
each radionuclide: 

• the radiosensitivity of each internal organ, 

• the type of radiation emitted by the radionuclide (alpha, 
beta, and gamma), and 

• the solubility class or gastrointestinal absorption fraction of 
the radionuclide following inhalation or ingestion, 
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The concept of committed dose applies only to internal dose pathways. For the 
external dose pathway, there is no long-term residence of radionuclides in the 
body. In this case, the appropriate measure of radiological exposure is the 
effective dose equivalent (EDE). Dose conversion factors for external exposure 
from contaminated soil are based on continuous occupancy and a contaminated 
area of infinite extent and depth. The calculation of EDE at the receptor point 
must therefore be corrected for appropriate occupancy factors and shielding and 
geometry for each exposure scenario (Sections 3.4.2-3.4.5). 

The sum of the CEDE (internal dose pathways) and the EDE (external dose 
pathway) is termed the total effective dose equivalent. For purposes of 
simplification, both CEDE and EDE are referred to as dose (expressed as millimm) 
in the following sections. 

Separate DCFs are available for the various exposure routes (i.e., external 
gamma, inhalation, ingestion) for the radionuclides potentially present at the 
Laboratory. When several inhalation or ingestion DCFs are available for each 
radionuclide, the DCF resulting in the highest dose estimate will be applied. 
DCFs are available from a DOE {1988, 0266) report for internal dose and from Yu 
et al. (1993, 1 014) for external dose. The dose contributions from short-lived 
decay products (having half-lives of less than 6 mo) are incorporated in the DCF 
for the parent radionuclide. For example, the dose contributions from soy and 
137Ba are included in the DCFs for oosr and 137Cs, respectively. 

Radiation doses can be calculated with RESRAD, a computer program used to 
estimate doses to onsite receptors at radioactively contaminated sites (Yu et al. 
1993, 1014). The code incorporates the DCFs discussed above and allows the 
user to enter values for site- and scenario-specific parameters (contaminant 
concentrations, area and thickness of the contamination at the PAS, exposure 
pathways, occupancy factors, intake rates, etc.). Use of the RESRAD code1 to 
calculate radiological doses is discussed in Attachment II. 

3. 4. 1 . 3 Estimates of Chemical Intake 

Exposure to chemical contaminants is expressed in terms of intake, which is the 
amount of contaminant taken into the body per unit body weight per unit time 
(generally expressed as milligrams per kilogram per day). 

3. 4. 2 Scenario-Specific Assumptions and Exposure Parameters 

The assumptions used to estimate radiological doses and chemical intakes for 1the 
receptors described in Section 3.2.3 are discussed in Sections 3.4.2.1 through 
3.4.2.8 and are summarized in Attachment I. 

Some exposure parameters depend on the age of the receptor (e.g., ingestiion 
and inhalation rates, body weight, skin surface areas). For long-term receptors for 
whom some portion of exposure occurs during childhood (e.g., residents and 
future campers), variable exposure parameters may be appropriate for the 
portions of exposure that occur during childhood and those portions that occur 
during adulthood. However, use of variable exposure parameters generally does 
not alter calculated intake significantly because, for example, decreased body 
weight corresponds with decreased ingestion and inhalation rates. The only 
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pathway for which incorporation of both child and adult intake parameters alters 
calculated intake substantially is the soil ingestion pathway because children have 
higher ingestion rates than adults (and lower bcdy weights). Under EPA 
guidance, variable exposure parameters should be assumed for the soil ingestion 
pathway but are not necessary for inhalation and dermal contact pathways (EPA 
1991, 0746; EPA 1992, 1012}. 

3.4.2.1 Exposure Time, Frequency, and D1uration 

Exposure time, frequency, and duration together defiine the total amount of time 
a receptor may be in contact with a given distributiion of contaminants in the 
exposure unit. The exposure time is the number of hours per day that a receptor 
is present at a specific exposure point, the exposure frequency is the number of 
days per year that exposure occurs, and the exposure duration is the total 
number of years over which exposure occurs. For each scenario, the exposure 
time is further divided into time spent indoors and timt~ spent outdoors. 

Long-term workers at the Laboratory are assumed to be onsite 8 h/day for 250 
days/yr over 25 yr. EPA risk assessment guidance re,commends these exposure 
time, frequency, and duration values for workers (EPA 1991, 0746}. In general 
for ER Program risk assessments, assumptions of increased worker time spent 
outdoors result in higher intake and dose estimates than assumptions of no or 
little time spent outdoors. These results occur because intake from particulate 
inhalation and dose from external gamma irradiation are greater for outdoor 
exposures, and the assumed soil ingestion rate is also higher for outdoor 
workers. Therefore, an assumption of a substantial fraction of the day spent 
outdoors (e.g., 4 h) generally represents the RME for a long-term worker. An 
exception to this assumption occurs when radon is the contaminant of concern; 
radon build-up inside buildings might lead to a higher calculated risk for workers 
who spend most of their time indoors. Specific expo:sure assumptions for long
term workers in ER Program risk assessments should be made on a PAS-specific 
basis, depending on the contaminants of concern and the likelihood of outdoor 
work. 

Youth recreational users of canyon sides and bottoms (e.g., hikers and bikers} are 
assumed to spend 2 h/day outdoors in canyon areas for 170 days/yr (e.g., about 
5 days/wk for 8 mo/yr, which are reasonable estimates, considering the climate in 
the Los Alamos area}. The exposure duration is estimated as 9 yr, which is the 
median time spent at one residence (EPA 1989, 0088) and is also consistent with 
the age range assumed for this receptor (10-18 years}. Although the youth 
recreational user is more likely to be a concern in the future, the current use 
scenario is included to address potential trespassers. 

The current and future residents of PRS areas in the' townsite are assumed to 
have an exposure frequency of 350 dayslyr and an exposure duration of 30 yr, as 
recommended in EPA guidance (EPA 1991, 0746}. The exposure time assumes 
20 h/day, allowing for 4 h/day spent away from the property. Two hours per day 
are assumed to be spent outdoors on the residential property. 

Construction workers are assumed to be onsite 8 h/day, 90 days/yr. An exposure 
duration of 1 yr is used, assuming the time spent at any single PRS is limited. 
Cumulative exposures from several PASs for construction 'lt'Orl<ers are discussed 
in Section 6. These Construction workers' activiti49S are assumed to occur 
outdoors only. In general, construction is currently not allowed in PAS areas. 
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However, because schedules for required construction work cannot be 
predicted, the construction worker scenario is considered possible for both the 
present and the future. Cumulative exposures from several PASs for 
construction workers will be evaluated when this scenario is 
possible. 

For PRS areas where future recreational use is assumed (i.e., canyon bottoms), 
camper receptors are assumed to be onsite 24 h/day, 28 days/yr over 20 yr. The 
future camper is assumed to spend the entire 24 h outdoors. 

For the dermal-absorption-from-soil-pathway, all the scenarios except the 
residential scenario assume the number of soil contact events is equal to the 
exposure frequency (days per year). For residents, it is assumed that dermal 
contact occurs seasonally (e.g., during gardening), approximately 5 days/wk f<>r 8 
mo/yr over 30 yr. For the youth recreational user, future camper, and future 
resident scenarios, dermal exposure to compounds in surface water (e.g., during 
wading) is assumed to occur during daily 1-h exposure events. The futiUre 
camper is assumed to wade in surface water daily while present at the PRS (i.e., 
28 days/yr), whereas the youth recreational user and the future resident are 
assumed to wade 40 days/yr (it is assumed that these receptors are unlikely to 
wade daily). For the future resident in canyon bottoms, dermal exposure to 
compounds in groundwater (e.g., during bathing) is assumed to occur for 15 
min/day, 350 days/yr over 30 yr. 

3.4.2.2 Body Weight 

The standard assumption for adult body weight is 70 kg (EPA 1989, 0305). 
Therefore, a body weight of 70 kg is used for long-term worker, construction 
worker, resident, and future camper scenarios and for that portion of the currE~nt 
or future resident and future camper scenarios for which an adult is assessed 
(applicable to soil ingestion pathway only). A body weight of 50 kg for youths of 
ages 10 to 18 (EPA 1989, 0305) is considered representative for the youth 
recreational user. A body weight of 15 kg for children of ages 1 to 6 (EPA 19~11, 
0746) is assumed for both the child portion of the future camper scenario and jfor 
the child portion of the current and future resident scenarios for evaluation of tlhe 
soil ingestion pathway. 

3. 4. 2. 3 Inhalation Rates 

EPA recommends the use of an inhalation rate of 0.83 m3/h (20 m3/day) for the 
assessment of resident adult scenarios (EPA 1989, 1011). This inhalation rate 
(which is based on the average inhalation rate over an entire day, including 
periods of rest, and light, moderate, and heavy activity) should be used for indoor 
exposures for the current and future resident scenarios. It is also appropriate for 
the long-term worker scenario for indoor activities, which are assumed to involve 
light office, laboratory, or maintenance work. [EPA (1989, 0304) defines activity 
levels as follows: resting includes watching television, reading, and sleeping; 
light activity includes most domestic work, hobbies, and conducting minor home 
repairs; moderate activity includes heavy indoor cleanup, conducting major horne 
repairs, and climbing stairs; and heavy activity includes vigorous physical exerci~;e 
and climbing stairs carrying a load.] 

The inhalation rate for other scenarios is adjusted to account for greater exertion 
while working outdoors or engaging in recreational activities. The outdo<>r 
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inhalation r~te assumed for worker and resident scenarios is 1.7 m3/h, assuming 
that half of the exposure time is spent at moderate activity and half at light activity. 
For the youth recreational user, an inhalation rate of 3.2 m3/h is used; this rate is 
based on a moderate activity level for a 10-yr-old child (EPA 1989, 0304). The 
inhalation rate of 1.3 m3/h for a future camper is based on adult exposures of 8 
hlday resting, 12 h/day light activity, 2 hlday moderat~9 activity, and 2 h/day heavy 
activity. 

3.4.2.4 Ingestion Rates for Soil and Dust 

Soil ingestion rates are based on EPA guidance (EPA 1991, 0746) to account for 
incidental ingestion of soil and dust. For most scenarios, the recommended soil 
ingestion rate of 1 00 mg/day for adults and youths more than 6 yr of age is 
appropriate. The assumed soil and dust ingestion rate for youth recreational 
users is 100 mg /day (EPA 1991, 07 46). 

The soil ingestion rate recommended for workers spending most of their work day 
indoors is 50 mg/day (EPA 1991, 07 46); this rate should be used for long-term 
workers who are assumed to perform little or none ~:>f their work outdoors. For 
workers assumed to spend their entire exposure duration (i.e., 8 hlday) indoors, a 
factor of 0.4 (Aizona et al. 1979, 0994) is applied to the ingestion rate to account 
for the fact that not all indoor dust is composed of contaminated soil (i.e., smoking 
and other indoor activities). Long-term workers who spend some portion of their 
workday outdoors (e.g., 1 h or more) are assumed to have a higher ingestion rate 
of 100 mg /day [which is also consistent with EPA guidance to assume 100 
mg/day soil ingestion for adults; (EPA 1991, 0746)]. 

Based on a study by Hawley (1985, 0999), EPA recommends 480 mg/day as a 
default soil ingestion rate for short-term, outdoor activities in a 
commerciaVindustrial setting. Therefore, for the construction worker scenario, an 
ingestion rate of 480 mg/day is assumed to account 1'or extended daily exposure 
to contaminated material and ingestion of inhaled material that is not retained in 
the lungs. 

EPA guidance recommends considering both early c:hildhood (i.e., ages 1 to 6, 
when intake is greater) and adult exposures when evaluating soil ingestion for a 
residential scenario. For ER Program risk assessments, this approach is used for 
evaluating both current and future resident and future camper scenarios. 
Therefore, for the soil ingestion pathway, exposure for these receptors is 
evaluated assuming 6 yr of exposure as a young chi!ld, with an ingestion rate of 
200 mg/day, and either 24 yr of exposure (resident s;cenario) or 14 yr exposure 
(future camper scenario) at the lower ingestion rate of 100 mg/day. 

3. 4. 2. 5 Ingestion Rate for Water 

Future residents in canyon bottoms and future campers are the only receptors for 
which the pathway of groundwater ingestion is evaluated. For this scenario, the 
standard default value of 2 Ud, recommended by E:PA (1991, 0746) for adult 
residents, is assumed to be the water ingestion rat~:!. It is also assumed that 
incidental ingestion of surface water might occur during wading for the youth 
recreational user, future camper, and future resident scenarios. The surface 
water ingestion rate of 0.05 Ud is based on EPA's ('1989, 0088) recommended 
incidental ingestion level of 50 mUh for a 1-h exposun~ time. 
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Current and future residents and future campers are the receptors for which the 
ingestion of contaminated produce and wild plants is evaluated. EPA (1!~89, 
0304; 1991, 07 46) presents figures for ''typical" consumption of fruit and 
vegetables as 140 g/d and 200 g/d, respectively. The reasonable worst-c:ase 
proportion of ingested produce that is considered to be homegrown (i.e., gr,own 
on the contaminated area) ranges ·from 30% to 40% for fruits and vegetables. 
Therefore, for the resident scenario, the produce ingestion rate is assumed to be 
340 g/d, of which the fraction of ingested produce grown on the contaminated 
area is estimated to be 40%. The future camper is assumed to ingest wild plants 
at a rate of 140 g/d, of which 100% is assumed to grow on the contaminated :site. 
Data specific to the Los Alamos area should be used to determine the fractions of 
produce assumed to be leafy and nonleafy (Section 3.3.2.1.4). 

3.4.2. 7 Skin Surface Area (Soil and Water Pathways) 

Assumptions for total body surface area and the surface area of component body 
parts are both scenario- and age-dependent (EPA 1992, 1012). For EA Program 
risk assessments, dermal exposure is evaluated only for adult receptors. This 
simplification is warranted because dermal exposure is proportional to surface 
area; thus, intakes calculated for adult and child receptors are similar. 

For the showering/bathing scenarios for future residents using canyon bottom 
groundwater, the mean total adult body surface area is approximately 20,000 cm2 , 
which is in EPA's recommended default range. For soil contact and wadin!g in 
surface water scenarios, dermal exposure is expected to occur on roughly 25% of 
the total surface area (i.e., hands, lower legs, forearms, neck, and head). Twenty
five percent of the mean total body surface area is 5,000 cm2 for adults. The soil 
contact surface area for the youth recreational user is increased to 5,000 cm2 (i.e., 
adult value) based on the potential dust-generating nature of the recreatic,nal 
activity. For long-term workers who perform some of their work outdoors and 
future construction workers, protective clothing probably limits the exposurE~ to 
hands, forearms, neck and head; therefore, the mean surface area for th,ese 
upper extremities of adults is 3,200 cm2. 

3.4.2.8 Fraction from Contaminated Source 

Sampling plans are generally designed so that samples collected for use in a risk 
assessment represent an exposure unit area. The statistic used to describe the 
contaminant distribution, the AME, within an exposure unit area is usedl to 
calculate receptor dose. An adjustment is recommended in cases for which the 
area of the PAS is smaller than the appropriate exposure unit area and for which 
data have not been obtained outside the PAS. This adjustment can be made' by 
prorating the values obtained in the PAS according to the fraction of the 
exposure unit area corresponding to the PAS. This fraction is termed the 
"fraction from contaminated source" (FI) and is set to 1 if the PAS is not smaller 
than the exposure unit. 

In effect, the Fl parameter adjusts the concentration parameters used in the 
equations presented in the following sections. This adjustment is equivalenlt to 
an assumption that the area outside the PAS but inside the exposure unit is free 
of contamination. However, considering that the potential impact of nonzero 
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contamination in this area is likely to be small, averagring with an assumption that 
this area is free of contamination is unlikely to cause gmss decision-making errors. 
Other assumptions can be made about the area outside the PAS; however, if 
other assumptions are made, the adjustment becomes more complex. 

3. 4. 3 Equations for Exposure to Soil 

This section describes the methodology for estimating chemical intakes and 
radiological doses for exposures based on concentrations in soil. Equations for 
estimating human intakes are presented for the following exposure routes: 
incidental soil ingestion, dermal contact with soil, inhalation of particulates, 
ingestion of contaminated produce, external gamma exposure, and inhalation of 
radon. With the exception of the external gamma exposure and radon inhalation 
pathways, the equations presented are based on equations given in EPA's 
Human He?lth Evaluation Manual (EPA 1989, 0305); analogous equations are 
used for the external gamma exposure and radon inhalation pathways. 

3. 4. 3. 1 Incidental Soil Ingestion 

For both radiological dose and chemical intake estimates, scenario-specific 
assumptions on exposure time, frequency, and duration, and the assumed 
ingestion rates for the various receptors are given in Attachment I. The intake for 
a long-term worker whose work is exclusively indoors is multiplied by a factor of 
0.4 to account for the fact that all exposure occurs indoors, where not all ingested 
dust originates from contaminated soil (Section 3.4.2.4). 

3.4.3.1.1 Radiological Dose 

The basic equation used to calculate radiation doses from ingesting 
contaminated soil is 

where 

Ojs = Ris x IRs x CF x EF x Fl x DCFi(lng) x ED , 

Dis = dose from ingestion of radionuclide, i, in soil 
(millirem), 

Ris = soil exposure concentration of radionuclide, 
i, in soil (picocuries pe~r gram) (Section 
3.3.2.1.1), 

IRs = soil ingestion rate (milligrams per day), 

CF = conversion factor (1 Q--3 g/rng), 

EF = exposure frequency (days per year), 

R = fraction from contaminated source, 
calculated using scenario-specific exposure 
units (unitless) (Section 3 .. 4.2.8), 

DCFi(lng) = dose conversion factor for ingestion of 
radionuclide, i (millirems pt~r picocurie), and 

(6) 
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ED = exposure duration (years). 

To account for increased soil intake rates during childhood years, the ingestion 
rate can be calculated as the time-weighted average over the exposure duration: 

IRs= 
(lAse X EDc) + (IRsa X EDa) 

(7) 
EDc + EDa 

where 

lAse = child soil ingestion rate (milligrams per day), 

IR58 = adult soil ingestion rate (milligrams per day), 

EDC = child exposure duration {6 yr), and 

ED8 = adult exposure duration [24 yr or 14 yr 
(scenario-specific)]. 

The soil ingestion dose may be calculated with the RESRAD code using the 
methodology in Attachment II. 

3.4.3.1.2 Chemical Intake · 

The basic equation used to calculate chemical intake via ingestion is 

where 

Intake (mg/kg-d) 
Ci X IRs X CF X Fl X EF X ED 

BW x AF x AD 

Ci = soil exposure concentration of chemical, i 
(milligrams per kilogram) (Section 3.3.2.1.1 ), 

IRs = soil ingestion rate (milligrams per day), 

CF = conversion factor {1 o-6 kg/mg), 

A = fraction from contaminated source, 
calculated using scenario-specific exposure 
units (unitless) (Section 3.4.2.8), 

EF = exposure frequency (days per year), 

E = exposure duration (years), 

BW = body weight (kilograms), 

AF = averaging frequency {365 dayslyr), and 

AD = averaging duration [years (equal to ED for 
carcinogens and 70 yr for carcinogens)]. 

{8) 

A modified equation is used to model 6 yr of childhood exposure and 24 yr of 
adult exposure for the resident scenario and 6 yr of childhood exposure and 14 yr 
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of adult exposure for the future camper scenario. ThE~ modified equation is 

Intake (mg/kg-d) 
Ci X IRsc X CF X Fl X EF X EDc 

BWc x AF x AD 

where 

Ci x IRsa x CF x Fl x EF X EDa (S) 
+ BW 8 xAFxAD 

Ci = soil exposure concentration of chemical, i 
(milligram per kilogram) (Section 3.3.2.1.1), 

lAse = child soil ingestion rate (milligrams per day), 

IRsa = adult soil ingestion rate (milligrams per day), 

CF = conversion factor (1 o-s k!;Vmg), 

R = fraction from contaminated source, 
calculated using scenari•o-specific exposure 
units (unitless) (Section :3.4.2.8), 

EF = exposure frequency (days per year), 

EDc = child exposure duration (15 yr), 

EDa = adult exposure duration [24 yr or 14 yr 
(scenario-specific)], 

BWc = child body weight (15 kg), 

BWa = adult body weight(70 kg), 

AF = averaging frequency (36S days/yr), and 

AD = averaging duration [years (equal to ED for 
noncarcinogens and 70 yr for carcinogens)]. 

Because chemical intakes for carcinogenic risk calcUilations are averaged over a 
lifetime of 70 yr, the intakes calculated for use in carcinogenic risk estimates differ 
somewhat from those calculated for noncarcinogenic endpoint estimations. 

3 o 4 o 3 o 2 Dermal Contact with Soil 

Dose estimates and chemical intakes for the dermal exposure pathway are 
calculated using the exposure concentrations in soil (Section 3.3.2.1.1 ). 
Scenario-specific assumptions on the dermal exposure factors (exposure time, 
frequency, duration, skin area, and soil adherence) arE~ given in Attachment I. 

3o4o3o2o1 Radiological Dose 

The dermal absorption of radionuclides depends on the chemical compound in 
which the radioactive element is incorporated. Most radionuclides found in the 
environment have relatively low dermal absorption fractions, and the contribution 
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to dose from dermal absorption is typically much smaller than the dose from soil 
ingestion. In addition, dose conversion factors have not been developed for the 
dermal absorption pathway for most radionuclides (tritium is an exception). If the 
dermal absorption pathway results in a significant radiation dose because of the 
high dermal absorption potential of the chemical compound, the dose mus1t be 
calculated on a case-by-case basis and requires the derivation of dose 
conversion factors for dermal absorption. 

3.4.3.2.2 Chemical Intake 

The following equation is used to estimate the dermal absorption of chemicals 
from soil: 

Intake (mg/kg-day) 

where 

Ci x CF x Fl x ADF x ABS x EFd x ED X SA 5 

= BW x AF x AD 

Ci = soil exposure concentration of chemical, i 
(milligrams per kilogram) (Section 3.3.2.1.1 ), 

CF = conversion factor (10-s kg/mg), 

R = fraction from contaminated source, 
calculated using scenario-specific exposure 
units (unitless) (Section 3.4.2.8), 

ADF = adherence factor of soil to skin (milligrams 
per square centimeter per event), 

ABS = absorption fraction (unitless, chemical
specific), 

EFd = exposure frequency for soil dermal contact 
(events· per year), · 

ED = exposure duration (years), 

SA5 = skin surface area available for soil contact 
(square centimeter), 

BW = body weight (kilograms), 

AF = averaging frequency (365 days/yr), and 

AD = averaging duration [years (equal to ED for 
noncarcinogens and 70 yr for carcinogens)]. 

(1 0) 

Estimation of the dermal absorbed dose for compounds in soil requin:!s 
identification of appropriate chemical-specific absorption fractions. Although the 
use of soil permeability coefficients may be preferable, EPA currently 
recommends the use of absorption fractions until this issue is investigatod 
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further. In estimating absorption fractions, preference is given to experimentally 
derived values; otherwise, predictive models must be used. Some theoretical 
approaches to determining an appropriate absorption fraction are discussed in 
EPA guidance for assessing dermal exposure (EPA 1992, 1012); that document 
also lists absorption fractions for several compounds. 

An EPA review {1992, 1 012) of experimental data on soil adherence indicates a 
conservative range of values from 0.2 mglcm2 to 1.5 rnglcrif per event. Although 
the uncertainties in the studies make it difficult to n~commend a default value, 
EPA suggests that 1 mglcm2 is a reasonable upper value. Therefore, 1 mg/cm2 

should be used as the soil-to-skin adherence factor for all applicable scenarios 
(Attachment 1). 

3.4.3.3 Inhalation of Particulates 

Scenario-specific assumptions on exposure time, fn:!quency, and duration and 
assumed inhalation rates for use in calculating dose and intake from the inhalation 
pathway are given in Table 3.2. 

3.4.3.3.1 Radiological Dose 

The following equation is used to calculate radiation closes from the inhalation of 
contaminated dust when all exposure is outdoors: 

where 

Dia = Ria X IRa X ET X EF X Fl X DCFi(lnh) X ED , 

Dia = dose from inhalation of radionuclide, i, in air 
(millirem), 

Ria = concentration of radionuclide, i, in air 
(picocuries per cubic meter), based on soil 
exposure concentration (Section 3.3.2.1.3), 

IRa = inhalation rate (cubic mete~rs per hour), 

ET = exposure time (hours per day), 

EF = exposure frequency (days per year), 

R = fraction from contaminated source, 
calculated using scenario-specific exposure 
units (unitless) (Section 3.4.2.8), 

DCFi(lnh) = dose conversion factor for inhalation of 
radionuclide, i (millirems pt:!r picocurie), and 

ED = exposure duration (years). 

(11) 

For receptors assumed to spend some portion (or all) of the exposure time 
indoors (i.e., long-term workers and current and future residents), the 
concentration of particulates indoors is assumed to be reduced by 60% (Alzona 
et al. 1979, 0994). To account for this assumption, th1~ product of inhalation rate 
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and exposure time in the above equation may be substituted by the following 
expression: 

IRa X ET = {lAo X ET0) + {0.4 X IRi X ETi) , {12) 

where 

lAo :;: outdoor inhalation rate (cubic meters per 
hour), 

IRi = indoor inhalation rate (cubic meters per 
hour), 

ET0 = exposure time outdoors (hours per day), and 

ETi = exposure time indoors (hours per day). 

The dust inhalation dose may be calculated with the RESRAD code using the 
methodology in Attachment II. 

3.4.3.3.2 Chemical Intake 

The following equation is used for calculating chemical intake via inhalation when 
all exposure is outdoors: 

Intake (mg/kg-day) 
Cj X IRa X Fl X ET X EF X ED 

('13) 
BW x AF x AD 

where 

Ci = concentration of chemical, i, in air (milligrams 
per cubic meter), based on soil exposure 
concentration (Section 3.3.2.1.3), 

IRa = inhalation rate (cubic meters per hour), 

R = fraction from contaminated source, 
calculated using scenario-specific exposure 
units (unitless) (Section 3.4.2.8), 

ET = exposure time (hours per day), 

EF = exposure frequency (days per year), 

ED = exposure duration (years), 

BW = body weight (kilograms), 

AF = averaging frequency (365 dayslyr), and 

AD = averaging duration [years (equal to ED for 
noncarcinogens and 70 yr for carcinogens)]. 

For receptors assumed to spend some portion (or all) of the exposure time 
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indoors (i.e., long-term workers and current and future residents), the 
concentration of particulates indoors is assumed to be reduced by 60%. The 
above equation is modified to account for this assumption, as follows: 

Intake (mg/kg-day) 
ci X lAo X Fl X ET 0 X EF X ED 

BW x AF x AD 

ci x 1 Ri x Fl x ETi x o. 4 x EF x ED (
14

) 
+ BW X AF X AD ' 

where 

Ci = concentration of chemical, i, in air (milligrams 
per cubic meter), based on soil exposure 
concentration (Section 3.3.2.1.3), 

lAo = outdoor inhalation rate (cubic meters per 
hour), 

IRi = indoor inhalation rate (cubic meters per 
hour), 

A = fraction from contaminated source, 
calculated using scenario-specific exposure 
units (unitless) (Section :3>.4.2.8), 

ET0 = exposure time outdoors (hours per day), 

ETi = exposure time indoors (hours per day), 

EF = exposure frequency (days/year), 

ED = exposure duration (years), 

BW = body weight (kilograms), 

AF = averaging frequency {365 days/yr), and 

AD = averaging duration [years (equal to ED for 
noncarcinogens and 70 yr for carcinogens)]. 

3.4.3.4 Ingestion of Contaminated Produce 

3.4.3.4.1 Radiological Dose 

The following equation is used to calculate the radiation doses from the ingestion 
of contaminated produce: 

where 

IWP, Revision 3 

Ojp = Rip x lAp x FHG x EF x DCFi(lng) x ED , 

Dip = dose from ingestion of 1radionuclide, i, in 
produce (millirems), 

(15) 
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Rip = concentration of radionuclide, i, in produce 
(picocuries per kilogram), based on soil 
exposure concentration (Section 3.3.2.1.4), 

IRp = produce ingestion rate (kilograms per day), 

FHG = fraction of ingested produce that is grown on 
or collected from the contaminated area 
(unitless) (Section 3.4.2.6), 

EF = exposure frequency (days per year), 

DCFi(lng) = dose conversion factor for ingestion of 
radionuclide, i (millirems per picocurie), and 

ED = exposure duration (years). 

The produce ingestion dose may be calculated with the RESRAD code using the 
methodology in Attachment II. 

3.4.3.4.2 Chemical Intake 

The following equation is used for calculating chemical intake via ingestion of 
contaminated produce: 

where 

Intake (mg/kg-day) = Ci x IRp x FHG x EF x ED (16) 
BW x AF x AD 

Ci = concentration of chemical, i, in produce 
(milligrams per kilogram), based soil 
exposure concentration (Section 3.3.2.1.4), 

IRp = produce ingestion rate (kilograms per day), 

FIHG = fraction ingested produce that is grown on or 
collected from the contaminated area 
(unitless)(Section 3.4.2.6), 

EF = exposure frequency (days per year), 

ED = exposure duration (years), 

BW = body weight (kilograms), 

AF = averaging frequency (365 days/yr), and 

AD = averaging duration [years (equal to ED for 
noncarcinogens and 70 yr for carcinogens}]. 

This equation is used for the current and future resident and future camper 
scenarios. 
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3.4.3.5 External Gamma Exposure 

If direct measurements of the external radiation exposure levels from 
contaminated soil are available, the dose to current receptors may be estimated 
asfollows: · 

where 

Ox= ELxCFx [(ETi xSF) + ET0 ] x EFx ED • 

Dx = dose from external !gamma radiation 
(millirems), 

EL = outdoor exposure level at 1 m above ground 
averaged over the exposure unit 
(milliroentgens per hour), 

CF = conversion factor (a function of the average 
gamma-ray energy) (millirems per hour per 
milliroentgens per hour), 

ETi = exposure time indoors (hours per day), 

ET 0 = exposure time outdoors (hours per day), 

SF = shielding factor for indoor occupancy (0.7), 

EF = exposure frequency (days/year), and 

ED = exposure duration (years). 

(17) 

The RESRAD computer code (Attachment II) may be used to calculate the 
external gamma dose if direct measurements are not available. 

3. 4. 3. 6 Inhalation of Radon 

The working-level month (WLM) is the unit of exposure used to calculate doses 
from direct measurement of radon (Section 3.3.2.1.6). It is defined as the 
exposure to 1 WL for 170 h (2,000 working hours per year). The WLM was used 
historically to report exposures to uranium miners. An exposure to 1 WLM of 222 

Rn and 220Rn decay products is equal to a committed effective dose equivalent of 
1 ,000 mrem and 350 mrem, respectively (ICRP 1981, 1 000). The ratio of 
inhalation rates for various scenarios (e.g., long-term worker or resident vs 
uranium miner) must be applied to correct for the implicit assumptions upon which 
the WLM is based. 

The equation used to calculate dose from directly measured radon is 

where 

IWP, Revision 3 

WLM = CAn x IR x ET x EF x ED 
CF 

WLM = working-level month, 

K-46 

(18) 
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CAn = 

IR = 

ET = 

EF = 

ED = 

CF = 

indoor or outdoor air concentration of 222Rn 
and 220Rn decay products (WL), 

inhalation rate (cubic meters per hour), 

exposure time (hours per day), 

exposure frequency (days per year), 

exposure duration (years), and 

conversion factor, 204 m3fmo [CF is the 
product of the inhalation rate assumed for 
uranium miners (1.2 m3/h) and the number of 
working hours in 1 mo (170 hlmo)] 

Hwrum Health Risk 
Assessment Methodology 

To estimate the dose from radon and radon decay products based on soil 
contaminant levels, the RESRAD code can be used {Attachment 1 ). 

3. 4. 4 Equations for Exposure to Groundwater and Surface Wat~~r 

This section describes the methodology for estimating chemical intakes and 
radiological doses for exposures based on concentrations in water. The following 
exposure routes are addressed: ingestion of groundwater or surface water, 
dermal absorption from groundwater or surface water, and inhalation from 
household use of groundwater. The equations presented are based on 
equations given in EPA's Human Health Evaluation Manual {EPA 1989, 0305) .. 

3.4.4.1 Groundwater and Surface Water Ingestion 

Radionuclide doses and chemical intakes from ingestion of alluvial groundwstter 
and surface water are calculated based on exposure concentrations in 
groundwater and surface water (Section 3.3.2.2.1). The youth recreational user, 
future camper, and the future resident in a canyon bottom are considered lthe 
relevant scenarios for this exposure pathway (however, the youth recreational 
user would not ingest groundwater). Scenario-specific assumptions on exposure 
time, frequency, and duration, and the assumed ingestion rate are given in 
Attachment I. 

3.4.4.1.1 Radiological Dose 

The dose associated with intake of radioactive contaminants resulting from 
ingestion of groundwater or surface water can be calculated as follows: 

~w = Riw X {IRgw or IR5w) X {EF or EF5w) X ED X DCFi{lng) , {119) 

where 

November 1993 

Diw = dose from ingestion of radionuclide, i, in 
water {millirem), 

Riw = exposure concentration of radionuclides in 
groundwater or surface water (picocuries per 
liter) (Section 3.3.2.2.1), 
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IAgw 

IRsw 

EF 

EFsw 

ED 

= 

= 

= 

= 

= 

Appendix K 

groundwater ingestion rate (liters per day}, 

surface water ingestion rate (liters per day}, 

exposure frequency (for groundwater 
ingestion} (days per year), 

exposure frequency (for surface water 
ingestion} (days per year}, 

exposure duration (years}, and 

DCFi(lng} = dose conversion factor for ingestion of 
radionuclide, i (millirems per picocurie}. 

3.4.4.1.2 Chemical Intake · 

The following equation is used for calculating chemical intake via ingestion of 
groundwater or surface water: 

Intake (mg/kg-day) = 
Ci x (IRgw or IR 5w) x (EF or EFsw} x ED 

BW x AF x AD 

where 

Ci = exposure concentration of chemical, i, in 
groundwater or surface water (milligram per 
liter} (Section 3.3.2.2.1 ), 

IAgw = groundwater ingestion ratH (liters per day}, 

IRsw = surface water ingestion rate (liters per day), 

EF = exposure frequency (for groundwater 
ingestion} (days per year), 

EFsw = exposure frequency (for surface water 
ingestion} (days per year), 

ED = exposure duration (years),, 

BW = body weight (kilograms}, 

AF = averaging frequency (365 d/yr), and 

AD = averaging duration [years (equal to ED for 
noncarcinogens and 70 yr for carcinogens)]. 

I (20) 

Because chemical intakes for carcinogenic risk calculations are averaged over a 
lifetime of 70 years, the intakes calculated for use in carcinogenic risk estimates 
differ somewhat from those calculated for noncarcinog•enic endpoint estimations. 
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3.4.4.2 Dermal Absorption from Groundwater and Surface Water 

Dose estimates and chemical intakes for the dermal exposure pathway are 
calculated using the exposure concentrations in groundwater or surface water 
(Section 3.3.2.1.2}. Scenario-specific assumptions on the dermal exposure 
factors (exposure time, frequency, duration, and skin surface area) are given in 
Attachment II. 

3.4.4.2.1 Radiological Dose 

Only dermal absorption of tritium is evaluated (Section 3.3.2.1.2}. Dermal 
absorption of tritium has been investigated for both air and water immersion. 
According to Pinson and Langham (957, 1 008), the absorption rate of water 
vapor by skin is approximately 0.014 Uh (24°C, 100% humidity). Dermal 
absorption when skin is immersed in water that is the same temperature as the 
skin is estimated to be 2.5 times faster (0.035 Uh). These estimates are based 
on a total skin surface area of 1.9 m2 and should be reduced in cases where only 
partial contact with the skin occurs (e.g., wading). The tritium uptake rate is simply 
the concentration of tritium per liter of water times the water absorption ratE~. as 
shown in the following equation: 

where 

DH-3 = CH-3 X U x (SAgw or SAsw) x (ET or ET sw) x (EF or EFsw) 

x ED x DCFH-3 , 

u = 

SA9w = 

ET = 

ETsw = 

EF = 

EFsw = 

dose from dermal absorption of tritium 
(millirems), 

exposure concentration of tritium in water 
(picocuries per kilogram), 

dermal absorption rate from submersion in 
water (1.8 x 10-s Uh-crn2>, 

skin surface area available for groundwater 
contact (square centimeters), 

skin surface area available for surface water 
contact (square centimeters), 

exposure time (for groundwater contact) 
(hours per day), 

exposure time (for surface water contact) 
(hours per day), 

exposure frequency (for groundwater 
contact) (days per year), 

exposure frequency (for surface water 
contact) (days per year), 

(21) 
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ED = 

DCFH-3 = 

exposure duration (years), and 

dose conversion factor for tritium uptake 
(6.3 x 1 o-s mrem/pCi). 

3.4.4.2.2 Chemical Intake 

The following equation is used to estimate the dermal absorption of inorganic 
chemicals from groundwater or surface water: 

Intake (mg/kg-day) 

_ q x a= x Kp x (ET 9'1 or Er 911) x EV x (EF x Er5,J ED x {SAg.v or SAw) 
- BWxAFxAD 

where 

Ci = exposure concentration of chemical, i, in 
water (milligrams per liter), 

CF = conversion factor (1 o-3 Ucm3), 

Kp = permeability coefficient, chemical-specific 
(centimeters per hour), 

ET gw = dermal contact time for exposure to 
groundwater (hours per event), 

ET sw = dermal contact time for exposure to surface 
water (hours per event), 

EV = event frequency [events per day (equal to 1 
event/day for youth recreational user, future 
resident, and future camp19r scenarios)], 

EF = exposure frequency (days per year), 

EF5w = exposure frequency (fe>r surface water 
contact) (days per year), 

ED = exposure duration (years), 

SA9w = skin surface area available for contact with 
groundwater (square centiimeters), 

SA5 w = skin surface area available for contact with 
surface water, (square centimeters), 

BW = body weight (kilograms), 

AF = averaging frequency (365 dlyr), and 

AD = averaging duration [years (equal to ED for 
noncarcinogens and 70 yr for carcinogens)]. 

(22) 
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The above equation applies to the youth recreational user, future camper, and 
future canyon bottom resident scenarios and assumes an absorbed dose that 
occurs during water contact events (i.e., wading and bathing). This equation is 
recommended for evaluating inorganic contaminants using the traditional steady
state approach for estimating the dermally absorbed dose from water. Chemical
specific permeability coefficients for selected inorganics are summarized by EPA 
(1992, 1012); for other inorganics, the default assumption of 10-3 cm/h is used. 

For organics, EPA is cautiously recommending a newer, non-steady-state 
approach EPA (1992, 1 012). The agency feels that the model more accurately 
reflects normal human exposure conditions and that it accounts for the dose that 
may occur after the actual exposure event resulting from absorption of 
contaminants in skin lipids. However, it appears that the model may be ovE~rly 
conservative, and it is difficult to validate because data are lacking. AlternativE~Iy, 
the steady-state equation 23 may be used for organics by using permeability 
coefficients obtained from EPA (1992, 1012) in which experimentally measured 
or calculated values (i.e., based on octanol/water partition coefficients) are 
summarized for over 150 common organic compounds. 

3. 4. 4. 3 Inhalation from Household Use of Groundwater 

Section 3.3.2.2 provides a discussion of this pathway. 

3. 4. 5 Assessment of Exposure to Contaminated Building 
Surfaces 

Radiation doses to current and future long-term workers resulting from 
contaminated building surfaces may be estimated using National Research 
Council methodology for dose assessments from residual radioactive 
contamination from decommissioning (Kennedy and Strenge 1993, 1002). That 
document provides detailed equations for estimating the dose to workers from 
external gamma radiation from contaminated surfaces, from inhalation of 
suspended surface contamination, and from inadvertent ingestion of surface 
contamination. 

Section 3.3.2.3 provides a discussion of the evaluation of building surfaces 
contaminated with chemical substances. 

4. 0 TOXICITY ASSESSMENT 

The toxicity assessment involves gathering information on potential health 
effects and/or toxicological properties of the chemicals of concern for 
subsequent comparison with estimated intake levels. Both noncarcinogenic and 
carcinogenic effects are considered in the toxicity assessment. 

4. 1 Types of Toxicological Information Considered in the Toxicity 
Assessment 

In collecting toxicity information (much of this information will have been collect43d 
in the screening assessment phase but may need to be updated), the hierarclhy 
established by Superfund guidance for the appropriate sources of toxicity valu1es 
will be followed. The first choice for information is the Integrated Risk Information 
System (IRIS) (EPA 1993, 1062), which is a data base maintained by the EPA 
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that contains the most up-to-date toxicity information and regulatory values for a 
number of chemicals. If the chemical of potential concern is not in IRIS, the Health 
Effects Assessment Summary Tables (HEAST) (EPA 1992, 0833) will be 
consulted. These tables are not as current as IRIS; however, unlike IRIS, they 
contain interim as well as verified health-based values. If values are not available 
in IRIS or HEAST, toxicity values will be derived from alternate sources such as 
regulatory levels (e.g., maximum concentration l~evels in drinking water or 
comparative potency factors for PAHs). The basis and confidence for all toxicity 
values will be provided. 

The outcome of this analysis will be a table of toxicity values for the chemicals of 
potential concern. Available toxicity information will b1e reviewed and summarized 
for each chemical of potential concern. This information will focus on health 
effects (both noncarcinogenic and carcinogenic) from chronic and/or subchronic 
exposure because these time spans are typically the exposure durations of 
concern when estimating human health risk. However, acute toxicity will also be 
considered. A chronic toxicity table will follow the table of toxicity values in the 
text to summarize critical effects and target organs associated with each chemical. 

4. 2 Toxicity Assessment for Noncarcinogenic Effects 

The goal of this step is to identify reference doses (RfDs) for the various 
compounds. The RfDs, established by the EPA, are estimates of the daily 
exposure to the human population below which exposure is not likely to incur 
appreciable risk of noncarcinogenic deleterious ·effects during a lifetime. 
Reference concentrations are analogous to RfDs and are typically used to 
evaluate toxicity resulting from exposure via inhalation. These values are 
converted to a daily inhalation dose, an inhalation RfD. The RfD and/or reference 
concentration are used to evaluate the potential for noncarcinogenic health 
effects from a particular chemical. 

4. 3 Toxicity Assessment for Carcinogenic Effects 

4. 3. 1 Nonradiological Contaminants 

The cancer slope factor is an upper-bound estimate of cancer risk associated with 
exposure to a particular chemical and is used to estimate the lifetime excess 
cancer risk associated with the estimated chemical intake for that chemical. The 
EPA's weight-of-evidence classification will be provided to indicate the 
confidence in the evidence used to classify a chemical as a carcinogen. The EPA 
classifies chemicals in Groups A, 81, 82, C, D, and E. Group A chemicals are 
those chemicals considered to be human carcinogens because sufficient 
evidence has been obtained to demonstrate carcinogenicity in humans. Group 8 
chemicals are probable human carcinogens. A classification of 81 indicates 
limited evidence of carcinogenicity in humans, and 82 indicates demonstrated 
evidence of carcinogenicity in animals with inadequate or lack of evidence in 
humans. Group C suggests only the possibility of human carcinogenicity 
because evidence of carcinogenicity in animals is limited and data on humans are 
inadequate or lacking. Group D compounds are not classifiable as to human 
carcinogenicity because of inadequate or no evidence,, and Group E chemicals 
show evidence of noncarcinogenicity. The cancer slope factors are used to 
estimate the excess cancer risk associated with exposure to potential 
carcinogens. 
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The toxic effects of radiological contaminants are distinctly different from those of 
nonradiological contaminants. Therefore, a separate section will be included in 
the analysis to discuss the chronic toxicity of radionuclides. It is recognized that 
exposure to radionuclides can have several health effects, such as teratogenesis 
and mutagenisis; however, carcinogenicity will be the focus of toxicity 
assessment and risk characterization because it is the principal adverse biolo~1ical 
effect following chronic exposure and is well documented. 

4. 4 Identifying Appropriate Toxicity Values for Risk Assessment 

RfDs and cancer slope factors are EPA's preferred toxicity values; theref~::>re, 
when available, they will be used for the quantitative portion of the toxicity 
assessment. Alternate sources will be used (also when available) for those 
compounds that do not have published toxicity values, and toxicity values will be 
derived from these data, if possible. Additional information may include 
controlled epidemiologic investigations, clinical studies, and experimental animal 
studies. A toxicologist will review this information and, if it is determined that the 
information is adequate to establish a valid toxicity value, the toxicologist will 
derive a toxicity value. 

4. 5 Uncertainties Related to Toxicity Information 

For those compounds that have established RfDs, the confidence in the RfD and 
the data base of toxicological information will be provided. The weight of 
evidence for the carcinogenic potential of compounds will also be discussed. 
Uncertainty is increased when alternate means are used to derive toxicity values. 
The uncertainty generated from the various methods used to estimate toxicity 
values will be examined. When no toxicity information is available, the limitations 
and impact inherent to excluding contaminants of concern can be great. The 
cumulative consequences of uncertainty from the different sources of toxicity 
information (or lack thereof) will be described and quantified to the extent 
possible. 

5. 0 RISK CHARACTERIZATION 

5. 1 Quantifying Risks 

Risk characterization involves integrating the exposure and toxicity assessments 
in quantitative and qualitative expressions of potential health risk. The data from 
the initial tasks are reviewed, and the carcinogenic and noncarcinogenic risks are 
quantified for individual and multiple chemicals. 

To characterize potential noncarcinogenic effects, chemical intakes and toxidty 
values are compared. The hazard quotient is the ratio of a chemical exposure 
level over a specified amount of time to an RfD for that chemical. The hazard 
quotient is not a statistical probability that a noncarcinogenic effect will occur but is 
rather a comparison of the exposure level and the appropriate toxicity value. The 
hazard quotients for several chemicals are summed for a particular pathway· to 
yield a hazard index for that pathway. All hazard indices in an exposure scenatrio 
will be totaled. Hazard indices are not mathematical probabilities of the incidence 
or severity of an adverse health effect but a numerical index of a recommended 
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safety threshold. A hazard index or hazard quotient greater than 1 indicates a 
potential health risk. If a hazard index exceeds 1 , thE~ hazard index is segregated 
by target organ on a chemical-by-chemical basis. A hazard index of less than 1 
suggests that site-related contaminants are not likely to present a health risk 
under the given exposure scenario. 

Carcinogenic risk is characterized by estimating the probability that an individual 
will develop cancer over a lifetime as a result of exposure to a potential 
carcinogen. The probability of developing cancer is estimated by multiplying the 
cancer slope factor by the calculated intake. The carcinogenic risk estimate is 
generally an upper-bound estimate of risk, which means that the '1rue risk'' 
probably does not exceed the risk estimates generatE!d for the assessment and is 
likely to be less than the predicted risk. Again, risk is summed by chemical and 
pathway to determine the scenario cancer risk. 

Exposure to radiological contaminants of concern are calculated by using the 
RESRAD computer code, which generates annual doses for potential receptors. 
The dose estimates are compared with the DOE's dose limit of 25 mrernlyr, which 
is based on exposure to an individual from a single site. This dose estimate is not 
combined with nonradiological risk. The contribution to adverse carcinogenic 
health effects from exposure to radionuclides willl be discussed in the risk 
assessment in conjunction with carcinogenic risk from nonradiological 
constituents. 

5. 2 Combining Risk Across Exposure Pathways 

The resulting carcinogenic and noncarcinogenic risks are added across exposure 
pathways in an exposure scenario. Additionally, combined impacts from multiple 
exposure scenarios are assessed if exposure to more than one scenario is 
possible (e.g., a child exposed in both recreational and residential scenarios). 

5. 3 Assessing and Presenting Uncertainty 

The risk assessment will also discuss the uncertaintie:s inherently associated with 
all components of the risk assessment process. The uncertainty analysis will 
highlight the areas in which assumptions were incorporated because sufficient 
data were not available to accurately characterize the risks associated with a 
particular exposure. The implication of these uncertainties on the overall risk 
results will· be discussed fully. Whenever possible1, uncertainty analysis will 
include a quantitative evaluation. The general approach, when it is necessary to 
make assumptions about the frequency or magnitude of exposures, will be to use 
conservative assumptions that are lil<ely to ovemstimate risiE. so that risk is 
never underestimated. 

5. 4 Summarizing and Presenting the Results of Baseline Risk 
Characterization 

Once the carcinogenic and noncarcinogenic risks hav1e been assessed for a site, 
a determination will be made of which contaminants, media, and pathways 
present the greatest risks for each scenario. The conclusions will be summarized 
in the text, and the risk values will be in tabular form. 
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ATTACHMENT 

RISK ASSESSMENT FOR LOS ALAMOS NATIONAL 
LABORATORY: SUGGESTED VALUES FOR SCENARIO 
PARAMETERS 

Long-Term Construction 
Parameter Unit Workera Worke,.b 

General Exposure Parameters 

Total Exoosure Time (ET) h/d 8 8 
Exposure Time Outdoors (ET 0 ) h/d 0-8 8 
Exposure Frequency (EF) d/vr 250 90 
Exposure Durationf (ED) yr 25 1 
Area of Exposure Unit9 (AEu) ~ 500 Area of 

Contamin-
at ion 

Body Weighth (BW) kg 70 70 

Indoor Shielding Factor for External % 70 NAi 
Gamma(SF) 

Pathway-Specific Exposure Parameters 
Inhalation Pathway 
Inhalation Ratei (IR

8
) m3/h 0.83 Indoors 1.7 

1. 7 Outdoors 
Particulate Concentration in Airk (PC) mQ/m3 0.09 15 
Amount of Outdoor Dust Present % 40 NA 
Indoors I 

Ingestion Pathways 
Soil Ingestion Ratem (IR5) mg/d 50 or 100 480 

Groundwater Ingestion Raten (IR0 w) Ud 1 1 
Surface water Ingestion Rate" (IRswl Ud 1 1 
Exposure Frequency for Surface d/yr NA NA 
Water lngestiono (EF5 w) 

Produce or Berry Ingestion RateP g/d NA NA 
(IR0 ) 

Fraction Ingested Produce Grown on 0/o NA NA 
Contaminated AreaP fFHG) 

Soil Dermal Contact Pathway 

Exposure Frequency for Soil Dermal events/ NA 90 
Contactq (EF rl) yr 
Skin Surface Area Available for Soil cm2/ NA 3200 (arms & 
Contactr (SA.,) event hands) 
Soil-to-Skin Adherence Factorr (ADF) mg/ NA 1 

cm2 
Groundwater Dermal Contact Pathway 
Dermal Contact Exposure Time for h/ NA NA 
Groundwater (ET nw) event 
Skin Surface Area Available for cm2/ NA NA 
Groundwater Contactr (S wl event 

Human Health Risk 
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Youtlh 
Recreational Future 

Us ere Residentd Campe,.S 

2 20 24 

2 2 24 

170 350 28 

9 30 20 

2000 500 2000 

50 70 Adult 70 Adult 
15 Child 15 Child 

NA 70 NA 

3.2 0.83 Indoors 1.3 
1. 7 Outdoors 

PAS-specific 0.09 0.09 
NA 40 NA 

100 100 Adult 1 oo Adult 
200 Child 200 Child 

NA 2 2 
0.05 0.05 0.05 

40 40 28 

NA 340 140 

NA 30 100 

170 170 28 

5000 5000 5000 

1 1 1 

NA 0.25 NA 

NA 20,000 NA 
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Youth 

Long-Term Construction Recreatiional Future 
Parameter Unit Work era Workerb Userc Residentd Carnper8 

Surface Water Dermal Contact Pathway 
Dermal Contact Exposure Time for h/ NA NA 1 1 1 
Surface Water (ET .. w) event 
Exposure Frequency for Surface dlyr NA NA 40 40 28 
Water Dermal Contacto (EF sw) 

Skin Surface Area Available for 
Surface Water Contactr (SA5w) 

cm2/ NA NA 5000 5000 5000 
event 

a. Current and future long-term workers; usually will assume 4 hid working outdoors 
(represents reasonable maximum exposure). Primarily for mesa top areas but may be 
used for canyon bottoms, as appropriate. 

b. Construction worker; for evaluation of exposure to ar,eas of surface and subsurface 
contamination as appropriate. Evaluation limited to contaminants in soils at depths of 
12 ft or less. 

c. Youth recreational user of canyon sides and bottoms. Receptor is a youth age 10 to 
18 using canyon sides and bottoms for hiking or biking. This is the only land use 
scenario applicable for areas of contamination on canyon sides. Although unlikely as 
a current use scenario because of institutional controls on Laboratory property, it is 
possible that limited trespassing occurs. 

d. Current or future resident is a resident of extra-Laboratory areas (may include some 
canyon bottom areas in the future). This scenario does not apply to Laboratory 
property, for which future land use will be controlled by DOE. 

e. Future camper on Laboratory mesa top or canyon bottom areas, assuming the site is 
released for recreational use (e.g., released to National Park Service). 

f. Exposure duration for occupational and residential l~cenarios (i.e., 25 and 30 yr) 
recommended by the EPA (1991, 0746). For youth recreational user, 9 yr is the age
range duration and is also the median time at one residence (EPA 1989, 0305). 
Construction worker exposure duration is chosen basetd on assumption that projects 
will be of limited scope. Future recreational users are assumed to use site as long
term vacation area. 

g. Area of residential exposure unit based on EPA guidance (EPA 1989, 0305). Other 
areas based on assumptions on likely scenario-specific activity patterns. 

h. Body weights: 70 kg for adult scenarios (EPA 1 B91, 0746); 50 kg for youth 
scenarios, 12 to <15 yr old (EPA 1989, 0304); 15 kg for child 1-6 yr old (EPA 1991, 
0746). 

i. Not applicable. 

j. Inhalation Rates: standard default value of 0.83 m3/h used for indoor residential and 
indoor long-term worker exposures (EPA 1991, 0746). Inhalation rates accounting for 
resting, light, moderate, and heavy activity (EPA 1989, 1011) are calculated for other 
scenarios as follows: 
• Long-term or Construction Worker. Resident-outdoor inhalation rate of 1. 7 m3/h 

equal to 0.5 exposure time at light activity + O.Ei exposure time at moderate 
activity, adult male inhalation rate. 

• Youth Recreational User-inhalation rate of 3.2 nn3/h equal to entire exposure 
time at moderate activity, inhalation rate for 10-yr olds. 

• Future Camper-inhalation rate of 1.3 m3/h equal to 8 h/d resting, 12 hid light 
activity, 2 h/d moderate activity, and 2 h/d heavy activity, adult male inhalation 
rate. 
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• Definitions-resting: reading, sleeping, watching television; light activity: 
domestic work, personal care, minor indoor repairs and home improvements; 
moderate activity: heavy indoor cleanup, major indoor repairs, climbing sltairs; 
heavy activity: vigorous physical exercise, climbing stairs carrying a load (EPA 
1989, 1011). 

k. Reference for 0.09 mglm3 particulate concentration in air is Environmental Protection 
Group (1990, 0497). Value of 15 mglm3 considered maximum for construction worker 
scenarios (OSHA 1991, 061 0). 

I. Based on value given in Alzona et al. {1979, 0994). Only applies for inhalation 
pathways and for soil ingestion pathway where entire exposure occurs indoors. 

m. Standard default soil ingestion rates recommended by EPA {1991, 0746). For the 
resident and future camper scenarios, the soil ingestion pathway assumes an 
ingestion rate of 200 mg/d and a body weight of 15 kg for 6 yr exposure as a child and 
an ingestion rate of 100 mg/d and a body weight of 70 kg for 24 yr and 14 yr, 
respectively, for exposure as an adult. Long-term worker rates of 50 or 1 00 mg/cl are 
rates recommended for commercial/industrial scenarios by EPA {1991, 0746). Hate 
of 480 mg/d for the future construction worker based on EPA guidance {1991, 0~746) 
to account for substantial soil contact and potential ingestion of inhaled material that 
is not retained in the lungs. 

n. For groundwater, standard default water ingestion rate recommended in EPA (1 !~91, 
0746). For surface water ingestion, 0.05 Ud based on EPA recommended ingestion 
level of 50 mUh for the 1-h exposure time (EPA 1989, 0305). 

o. Exposure frequency for surface water ingestion and dermal exposure equal to total 
exposure frequency (28 d/yr) for the future camper; equal to 40 d/yr for the youth 
recreational user and future residents (based on best professional judgment of lilkely 
wading frequency. 

p. Produce ingestion rate and fraction produce grown on or collected from the 
contaminated area: 340 g/d, 30% for residential scenario includes ingestion of 
vegetables and fruits; 140 g/d, 100% for future recreational user for fruits only (EPA 
1991, 0746). 

q. Number of soil dermal contact events equal to exposure frequency, except for 
residential scenario. For residents, it is assumed that dermal contact occurs 
seasonally (e.g., during gardening), about 5 d/wk for 8 mo/yr. 

r. Skin surface area available for contact and soil-to-skin adherence factor 
assumptions, as recommended in EPA (1992, 0833). 
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ATTACHMENT II 

METHODS FOR USING RESRAD IN ER PROGRAM RISK 
ASSESSMENTS 

1. 0 BACKGROUND 

DOE Order 5400.5 (DOE 1990, 0080) requinas that the methodology 
incorporated in the RESRAD computer code (Gilbert 1987, 0312; Yu et al. 1993, 
1 014) be used to establish soil cleanup guidelines for radionuclide contamination 
at DOE sites. With some minor modifications of input data and output results, 
which are outlined in this attachment, the RESRAD code can also be used in 
implementing the proposed risk assessment methodology for soil contaminated 
with radionuclides. The use of a computer code, such as RESRAD, carries the 
additional advantage of minimizing data input and calculational errors. 

RESRAD is a pathway analysis code that calculates !radiation doses to an onsite 
individual from chronic exposure to soil contaminatE:K1 with radionuclides. The 
RESRAD code allows the user to define up to nine patthways and three exposure 
routes: external gamma dose from radionuclides in soil; inhalation dose from 
contaminated dust and radon gas; and ingestion dose from intake of 
contaminated plants, meat, milk, aquatic foods, water, and soil. A variety of 
scenarios, including residential, industrial, and recreational, can be modeled by 
adding or suppressing pathways and entering appropriate values for occupancy 
and consumption rates. 

The following exposure pathways will be considered: 

• external exposure from gamma-emitting radionuclides in 
soil, 

• inhalation of airborne particulates originating from 
contaminated soil, 

• inhalation of radon progeny caused by radon emanations 
from soil contaminated with radon precursors, 

• ingestion of contaminated soil, and 

• ingestion of produce grown on contaminated soil. 

In the discussion that follows, it is assumed that the reader is familiar with the 
operation of the RESRAD code (i.e., is experienced in entering data, running the 
code, and obtaining results) or has access to the user's guide. 

To provide conservative results that are compatible with the calculations 
performed for chemicals, leaching of radionuclides from the contaminated zone is 
neglected for all pathways, which also has the effect <of suppressing the water
dependent pathways. To set the leach rate to 0, the distribution coefficients for 
the radionuclides in the contaminated zone should all be set to a very large 
number (e.g., 1 06). This way, only the radioactiive decay is taken into 
consideration. Also, the erosion rate of the contaminated zone should be set to 
0. 
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The RESRAD code calculates doses on an annual basis. The maximum dose 
from most radionuclides occurs at time 0. However, for some radionuclides,. the 
ingrowth of decay products may result in higher dose rates at a later time. To 
obtain a conservative total dose estimate, the maximum annual dose calculated 
for each radionuclide should be multiplied by the exposure duration (in years). 
However, for radionuclides such as 60Co whose half-lives are short relative to the 
exposure duration, the user may qhoose to have the code calculate doses at 
regular intervals throughout the period of exposure. For example, if the 
exposure duration is 30 yr, the user could have the code calculate doses at 3-yr 
intervals (t=O, 3, 6, ... , 27 yr). The resulting annual doses are then summed and 
multiplied by 3 to obtain the total dose received during the exposure period. 

With the exception of the external exposure pathway and the plant ingestion 
pathway, the concentrations entered in the code should cover the entire 
exposure unit area. The appropriate depth of the contamination should be 
entered as input to the code (e.g., 0.15 m for surface soil contamination). When 
exposure to future receptors from subsurface contamination is evaluated, a zone 
of surface contamination is created by assuming that the contaminated 
subsurface soil is excavated and distributed over the exposure unit area. The 
average depth of the contaminated layer to be entered in the code is calculated 
by dividing the volume of the excavated soil by the exposure unit area. If this 
thickness exceeds 0.15 m, then the latter 0.15 m should be entered. 

For external exposure and plant ingestion pathways, the contaminant 
concentrations entered in the code should be derived from measurements taken 
over the area of contamination rather than the exposure unit area. 

The RESRAD code calculates area factors that are used to take into account 
uncontaminated areas when the contaminated zone is small relative to the size of 
the exposure unit. However, RESRAD does not allow the user to change the 
size of the exposure unit parameter. For all pathways except external exposure', it 
is recommended that the area of the contaminated zone be set to the RESRAD 
default of 10,000 m2, which results in an area factor of 1 calculated by the code. 
Because the concentrations entered in the code are averaged over tihe 
exposure unit area, no further adjustment may be needed for certain pathways. 

2. 0 EXPOSURE TO EXTERNAL RADIATION 

The RESRAD computer code allows the user to estimate the exposure from 
gamma-emitting radionuclides in soil. A conservative assumption made in the 
RESRAD code is that the receptor is located roughly at the center of a 
homogeneously contaminated area. Because the dose contributions from 
external gamma exposure are not a linear function of area size, the exposure unit 
area concept is not valid for this pathway. The RESRAD code adjusts the do~;e 
automatically as a function of area size. Therefore, the user should enter the 
concentrations of contaminants that are present in the area of contamination 
rather than dilute the concentrations over the receptor-specific exposure unit. 

The following parameters are important in calculating the external dose: 

• area, thickness, and bulk density of soil in the contaminated 
zone; 
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• thickness and soil density of the cover (for subsurface 
contamination); 

• fraction of time during the year that the receptor spends 
outdoors, indoors, and away from the contaminated area; 
and 

• shielding from external gamma radiation afforded by 
buildings during indoor occupancy. 

Adjusting the dose to reflect the shape of the contaminated zone is 
recommended only when the contaminated area is le1ss than 1 ,200 rn2 and when 
the shape deviates considerably from that of a circullar area. Appendix A of the 
RESRAD IT!anual provides instructions on how to calculate the shape factor for a 
noncircular contaminated area. 

In the case of subsurface contamination, two cases may be run. To assess 
current exposures, the exposure scenario is modeled by entering the thickness 
and density of the material covering the subsurface contamination. For future 
exposures, the contaminated soil is assumed to be redistributed over an area 
encompassing the exposure unit. In this case, no cover is assumed to be 
present, and the average thickness of the contaminated zone covering the 
exposure unit area will be equal to the excavated volume divided by the exposure 
unit area or 15 em, whichever is smaller. 

The fraction of time spent indoors or outdoors entened in the RESRAD code is 
calculated based on annual averages. These fractions can be calculated as 
follows: 

where 

fj = 

fo = 

ETi = 

ETo = 

EF = 

8,766 = 

f·, = ETi x EF and 
8,766 ' 

ET0 x EF 
fo = 8,766 

fraction of year 
(dimensionless), 

fraction of year 
(dimensionless) 

spent indoors 

spent outdoors 

exposure time indoors (hours per day), 

exposure time outdoors (hours per day), 

exposure frequency (days per year), and 

number of hours in a year (hours per year). 

The RESRAD default value for the shielding factor during indoor occupancy is 
0.7 (i.e., indoor exposure levels are 30% lower than outdoor levels). 
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The RESRAD code uses a mass-loading model to estimate the concentration of 
contaminants in air resulting from resuspension of contaminated soil. The mass
loading model assumes that the contaminant concentration in airborne dust is the 
same as the concentration in soil adjusted for the presence of a ground cover 
(e.g., grass, pavement), depth of the contaminated soil, and area size. 

The following parameters are important in calculating the dust inhalation dose: 

• inhalation rate; 

• mass loading of respirable particulates; 

• fraction of time during the year that the receptor spends 
outdoors, indoors, and away from the contaminated area; 

• reduction in outdoor dust levels afforded by buildings 
during indoor occupancy; 

• thickness of soil in the contaminated zone; and 

• thickness of the cover (for subsurface contamination). 

Inhalation rates entered in RESRAD must be converted to units of cubic meters 
per year. If separate inhalation rates are given for outdoor and indoor activities, a 
time-weighted average inhalation rate should be entered. (Time spent away from 
the contaminated area should not be included in the time-weighted average.} In 
obtaining this average, any reductions in the dust levels during indoor occupancy 
must also be considered. The following equation should be used to derive the 
time-weighted indoor/outdoor inhalation rate: 

where 

November 1993 

IR = EF x (0.4 x ETi x IR) + (ET0 x IR0 ) 

(0.4 x ETi) + ET 0 

IR = weighted average annual inhalation rate 
(cubic meters per year), 

EF = exposure frequency (days per year), 

0.4 = reduction factor for indoor dust that is of 
outdoor origin (dimensionless), 

ETi = exposure time indoors (hours per day), 

IRi = indoor inhalation rate (cubic meters per 
hour), 

ET 0 = exposure time outdoors (hours per day), and 

IRa = outdoor inhalation rate (cubic meters per 
hour). 
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Time fractions spent indoors and outdoors are calculated in the same way as that 
for the external exposure pathway. 

A cover and depth factor calculated by RESRAD accounts for mixing of 
contaminated soil that may occur with underlying or overlying uncontaminated 
soil. If no cover is present and the contaminated layer is thicker than the mixing 
depth (set to 1 em for the inhalation pathway, assuming no gardening), the cover 
and depth factor calculated by the code is 1 (i.e., no dilution). This will be the 
case for most surface contamination scenarios. If subsurface contamination is 
present and is assumed to be redistributed over the exposure unit area, 
RESRAD calculates a cover and depth factor less; than 1 if the thickness of 
contaminated soil, averaged over the entire exposure unit area, is less than 1 em. 

In RESRAD, the area of the contaminated site and a dilution length are used to 
calculate an area factor that accounts for dilution from uncontaminated sources. 
This area factor is calculated as 

where 

~A FA =----'__:_:.-

..fA+ DL I 

FA = area factor for inhalation pathway, 

A = area of contaminated zone (square meters), 
and 

DL = dilution length (meters). 

Conservative results that neglect dilution with uncontaminated dust from outside 
the exposure unit can be obtained by forcing the area factor to equal 1, which is 
accomplished by setting the value of DL to 0. 

4.0 INHALATION OF RADON 

The RESRAD code allows the user to estimate the dose to an onsite receptor 
resulting from inhalation of 222Rn and 220Rn (and their short-lived progeny) 
emanating from soil contaminated with radionuclides in the natural uranium and 
thorium decay series. Except for the mass-loading factor and the dust reduction 
factor for indoor occupancy, the same parameters that are important in the dust 
inhalation pathway are also important in the radon inhalation pathway. In addition, 
the following parameters are also important: 

• density and porosity of cover and contaminated soil; 

• density, thickness, and porosity of building foundation; 

• diffusion coefficient or volumetric water content in cover, 
contaminated soil, and foundation; 

• building height and air exchange rate; 

• average annual wind speed; and 
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• radon emanation fraction. 
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In the absence of site-specific data for the above parameters, the RESHAD 
defaults may be used because they are representative of national average 
values. 

For combinations of indoor and outdoor occupancy, the time-weighted average 
inhalation rate is calculated in the same way as for the dust inhalation pathway, 
except that the dust reduction factor for indoor occupancy is set to 1 rather than 
to 0.4 (i.e., no reduction). ' 

The maximum radon dose may not occur at time 0 unless only the immediate 
precursors are present in the soil. .Instead, the radon dose may increase over 
time as the result of ingrowth of radionuclides in the uranium or thorium decay 
series. 

5.0 INGESTION OF CONTAMINATED SOIL 

Doses from soil ingestion can be calculated using the RESRAD code. In the 
RESRAD model, the cover and depth factor derived for the inhalation models 
also applies to the soil ingestion model. However, RESRAD uses an area fac:tor 
that is set to 1 if the contaminated area is greater than or equal to 1 ,000 rn2 ; 

otherwise it is the area divided by 1,000 m2. Because the concentrations used in 
the RESRAD input will have already been adjusted for the appropriate exposure 
unit, an area of 1 ,000 m2 or greater should be entered. Other important 
parameters include the soil ingestion rate and the fraction of time during the y13ar 
that the receptor spends outdoors, indoors, and away from the contaminated 
area. 

Because RESRAD allows the input of a single soil ingestion rate, an a~Je
weighted average value is required to account for increased intakes during 
childhood years: 

where 

November 1993 

IR = 10_3 x EF x (IRe x EDe) =(IRa x EDa) 
EDe + EDa 

IR = age-weighted average soil ingestion rate 
(grams per year), 

1Q-3 = conversion factor (grams per year), 

EF = exposure frequency (days per year), 

IRe = child soil intake rate (milligrams per year), 

IRa = adult soil intake rate (milligrams per year), 

EDe = child exposure duration (years), and 

ED a = adult exposure duration (years). 
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Because the intake rate calculated above already factors in the exposure 
frequency, no correction is required for time spent inside, outdoors, or offsite. To 
prevent RESRAD from further correcting the soil intake rate, the parameter for 
time fraction outdoors onsite should be set to 1 (the time fraction indoors should 
be set to 0). 

For workers that spend all their time indoors, the intake rate in milligrams per day 
should be multiplied by the exposure frequency in days per year and converted 
to grams per year. The RESRAD code automatically reduces the result by a factor 
of 0.4 (using the shielding factor for inhalation) to account for the fraction of soil 
ingested that originates outdoors. In this case, the fraction of time spent indoors 
should be set to 1 (the time fraction spent outdoors slhould be set to 0). 

For a combination of outdoor and indoor activities, the time fractions are 
calculated as 

where the above parameters have been previously dt3fined. 

6.0 INGESTION OF CONTAMINATED PRODUCE 

The RESRAD code can be used to estimate the radiation dose from ingestion of 
produce grown on contaminated soil. The model usE~ in RESRAD accounts for 
the transfer of radionuclides in plants resulting from root uptake and foliar 
deposition. The contribution from contaminated irrigation water is set to 0, 
explicitly by setting the irrigation rate to 0 or implicitly by setting the radionuclide 
distribution coefficients in soil to a very large number (thus suppressing 
groundwater transport). 

Because a relatively small area is required to g1row produce for personal 
consumption, the exposure unit concept does not apply to the plant ingestion 
pathway. Concentrations entered in the code should be derived from the actual 
area of contamination. To prevent the RESRAD code from applying an area 
correction factor for small areas, the area of contamination should be entered as 
1 ,000 m2 or larger. 

Other parameters in RESRAD important in calculating doses from ingestion of 
produce are 

• produce consumption rates (leafy vegetables and other 
vegetables, fruit, and grain); 

• soil-to-plant contaminant transfer factors (for root uptake); 

• depth of plant roots; 

• soil mixing layer; and 

• mass loading of dust in air (for foliar deposition). 
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The ingestion rates entered in the code should be the annual average 
consumption of produce assumed to be grown or picked onsite and should not 
include any imported produce. Although it does not make a difference in the 
calculations which category of produce is selected (leafy vegetables or other 
vegetables, fruits, and grains), it is· recommended that the consumption rate of 
leafy vegetables be set to 0. 

The RESRAD code uses a mass-loading parameter for foliar deposition of 
resuspended contaminants that is not consistent with the approach presented in 
Section 3.3.2.1.4. This parameter should be set to 0 in the code input. To 
account for the differential transfer of contaminants through root uptake or foliar 
deposition, the transfer factor libraries should be modified using the following 
procedure. 

In Section 3.3.2.1.4, a methodology is developed to account for the presence of 
surface and/or subsurface zones of contamination, each with potentially different 
concentrations of contaminants. Contaminants transferred to plants through 
foliar deposition originate from the surface layer of soil, whereas the contaminants 
transferred to plants through root uptake may originate from surface as well as 
from subsurface layers, depending on root depth. 

Two separate runs are required to calculate the transfer of contaminants from soil 
to roots and from soil to leaves. In each run, the concentrations entered in the 
code are as follows: 

• for root uptake, the concentrations may be entered either as 
the weighted average concentrations over the length of the 
roots (setting the thickness of the contaminated zone equal 
to the root depth) or as the surface concentrations if no 
subsurface contamination is present (setting the thickness 
of the contaminated zone to 15 em), and 

• for foliar deposition, the concentrations in the topmost 15 
em of soil should be entered. 

For root uptake, the RESRAD default parameters for root uptake transfer factors 
may be used, or they may be changed to site-specific values if such data are 
available. For foliar deposition, values for a mass-loading transfer factor may be 
obtained for different types of vegetation from NUREG/CR-5512; these are not 
contaminant-specific but differ according to plant type. Before using them in 
RESRAD, these mass-loading transfer factors must be converted from a dry
plant- weight basis to a wet-weight basis using conversion factors provided in 
NUREG/CR-5512. 

The dose contributions from the root uptake and foliar deposition runs are 
summed to obtain the total dose from ingestion of produce. However, RESR.AD 
automatically assumes that only half of the produce ingested is grown onsite. 
Therefore, this total dose must be multiplied by a factor of 2. 
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