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C. 1.1 OBJECTIVE AND SCOPE 

The five subunits comprising Operable Unit 2 (the Active Flyash Pile, the South Field. the Inactive Flyash Pile, the 

Solid Waste Landfill, and the Lime Sludge Ponds) were determined to be associated with potentdy unacceptable 

levels of risk to human health during the Baseline Risk Assessment completed as part of the Remedial Investigation 

(RI) (DOE 1993a). Consequently the development and evaluation of remedial alternatives is required. This appendix 

summarizes the baseline risk at each subunit on the site and includes Lists of radionuclides and other contaminants 

of concern (COCs) contributing to risk. The information in the Baseline Risk Assessment establishes the "baseline" 

risk associated with each subunit against which residual risk remaining after implementation of remedial-alternatives 

are evaluated. 0 : .  

The objective of the risk evaluation presented in this appendix is to support the feasibility study in screening and 

evaluating remedial alternatives by determining each alternatives' ability to reduce or mitigate risk to human health 

resulting from COCs identified in the RI by determining each alternatives ability to maintain long-term 

protectiveness: and, by determining the risk associated with implementation of the remedial alternatives themselves. 

due to exposure to COCs, constnrction, and transportation. This risk evaluation is intended to obtain and present 

this information so that decisionmakers can select the most appropriate remedial alternatives from a list of potential 

alternatives on the basis of long-term and short-term effectiveness in mitigating risk. 

The scope of this risk evaluation includes all five OU2 subunits. Since independent sets of alternatives were 

identified for each subunit. this risk evaluation independently evaluates alternatives for each subunit. 

C.1.2 THE ALTERNATIVE EVALUATION PROCESS 
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The selection of the most appropriate remedial alternative for a contaminated site involves evaluating alternatives 

against nine evaluation criteria. These nine evaluation criteria are listed in the National Oil and Hazardous 

Substances Pollution Contingency Plan (NCP) at 40 CFR 300.430. Remedial Investigations/Feasibility Study (FS) 

and Selection of Remedy. Of the nine evaluation criteria. two are considered threshold criteria. Overall protection 

of human health and the environment. and compliance with Applicable or Relevant and Appropriate Requirements 

(ARAR) are threshold criteria that each remedial alternative must meet in order to be eligible for selection. The five 

primary balancing criteria include long-term effectiveness and permanence: reduction of toxicity, mobility, or volume 

through treatment: short-term effectiveness: implementability: and cost. The last two criteria state acceptance 'and 

community acceptance. are modifying criteria'that must be considered in the remedy selection process. 

The evaluation of the threshold criteria for overall protection of human health and the environment relies on an 

evaluation of risk, as does the evaluation of the primary balancing criteria of long-term effectiveness and permanence 

and short-term effectiveness. The evaluation of long-term effectiveness ordinarily takes into consideration the 

magnitude of residual risk remaining' from untreated waste or treatment residuals remaining at the conclusion of 

remedial activities. Long-term effectiveness evaluation also includes an evaluation of the alternatives' ability to 

maintain protection over time and risks posed should the remedial alternative need to be replaced. An evaluation 

of short-term effectiveness ordinarily involves an evaluation of new risks that might be posed to the community 

(nearby populations) during implementation of an alternative and the potential impacts on workers during remedial 

action and the effectiveness and reliability of the protective measures. Thus, the detailed analyses of the alternatives 

under consideration in this FS include risk evaluations intended to 1) demonstrate the degree to which alternatives 

meet their intended function of mitigating long-term risk to human health (and the environment): and. 2) the degree 

to which implementation of alternatives is associated with short-term risk. 

Remedial alternatives for subunits within Operable Unit 2 are described in derad in Section 2.0 of the FS report. 

c.i.3 ORGANIZATION OF THIS APPENDIX 

O ( B O 8 8 ~  
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Operable Unit 2 consists of five subunits. The RI and Baseline Risk Assessment characterized and assessed risks 

independently for each subunit in order to facilitate subunit-specific remedial decisions. This previous process is 

the basis for the organization of the FS. An independent set of remedial alternatives is developed in the FS for each 

subunit. The risk evaluation of the remedial alternatives presented in this appendix provides a subunit-by-subunit 

evaluation of the specific alternatives developed for each subunit. 

The general methodology used in the risk evaluation of the remedial alternatives for all subunits is presented fmt. 

in Section C.2.0. Section C.2.1 contains a discussion of the remedial action objectives and the general types of 

alternatives under consideration. Section 2.2 describes the methodology used to determine short-term risks that may 

exist when alternatives are implemented. This includes a discussion of how workers are protected during remedial 

alternative implementation: a discussion of the methodology used to assess risks due to construction and 

transportation activities; and a description of the methodology used to assess short-term risks due to the presence 

of COCs in remediated media. Section 2.3 describes the methodology used to determine residual risks and overall 

protectiveness associated with alternatives. 

i 

1 

5 

6 

7 

8 

9 

IO 

I I  

12 

13 

Section 2.0 is followed by the specific results of the application of the risk evaluation methodology to the alternatives 14 

for each of the subunits in Sections C.3.0 through C.7.0. The risk evaluation for each subunit contains the following 15 

sections: 16 

0 A summary of results of the Baseline Risk Assessment for that subunit: 

0 A description of the remedial alternatives under consideration for that subunit; 

0 A discussion of the short-term risks associated with the alternatives under consideration: and, 
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An evaluation of long-term effectiveness of the alternatives under consideration. 

Finally, the ability of the on-site disposal cell to mitigate risk to identified receptors based on uranium isotope 

leachate activity is evaluated in Section 8.0. 

2 

3 
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C.2.0 METHODOLOGY * 2 

3 

The overall objective of the risk evaluation of remedial alternatives is to determine the short-term and long-term , 

human health risks associated with a remedial alternative. Evaluation of short-term human health risks involves 

J 

5 

evaluating any new risks that might occur while implementing the remedy. This includes risks to both neighboring 6 

populations and to on-site workers. Evaluation of the long-term human health risks involves evaluating residual risk 7 

(risk that remains at the completion of the remedial action), as well as long-term protectiveness (the alternatives’ 8 

ability to maintain protection over time). This section describes the general methodology used to estimate short-term 9 

and residual risks associated with the remedial alternatives developed for each subunit. as well as the preferred 10 

alternatives’ ability to maintain protectiveness over time. 11 

12 

Although the list of remedial alternatives and their characteristics is specific to each subunit, the general types of 13 

alternatives are similar across subunits. They all address the requirement to remediate soilhource material to which 14 

receptors may be directly exposed or which contain contaminants that can migrate to groundwater resulting in its I5 

unacceptable degradation. Important remedial action objectives are therefore 1) preventing direct contact with 16 

contaminated soil and 2) preventing the migration of contaminants to groundwater. These and other remedial action 17 

objectives and the potential remedial alternatives designed to achieve them are described in detail in Section 2.0 of I8 

the FS. 19 

20 

The remedial alternatives under consideration are very generally described in Section C.2.1. The description in 21 

Section C.2.1 focuses primarily on 1) a description of the activities associated with alternative implementation which 22 

contribute to short-term risk; and, 2) a description of the alternatives general overall protectiveness. Detailed 23 

descriptions of the specific alternatives associated with each subunit are described in greater detail in Sections C.3.0 

through C.7.0. 25 

24 
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ShoxpeTfn and residual risks associated with the alternatives at each of the subunits are evaluated using similar .. 
‘A,. !;? b Q  
L 

general methodology. There are some differences. however. between assessment of short-term and long-term risk 

which are described sepantely in Section C.2.2.2 and C2.2.3. 

2 

3 

4 

Risk evaluation methodologies are then applied to the evaluation of alternatives for each subunit in Sections C.3.0 5 

through C.7.0. For each subunit, the following is presented: 6 

1) A brief summary of the results of the subunit-specific baseline risk assessmenc 

2) A description of subunit-specific remedial alternatives; 

3) An assessment of short-term risks associated with implementation of alternatives determined as described 

in Section C.2.2: 
- 

II 

12 

4) An assessment of residual risks remaining after implementation of alternatives determined as described 

in Sections C.2.2 and C.2.3; and 

5 )  An assessment of long-term effectiveness of remedial alternatives, where warranted. as described in 

Section C.2.4. 

C.2.1 DESCRIPTION OF GENERAL REMEDIAL ALTERNATIVES 

C.2.1.1 Remedial Action Obiectives 

Remedial Action Objectives (RAOs) are site-specific. qualitative goals that define the objective of taking remedial 

14- 

’ 15 

16 

17 

18 

19 

20 

21 

22 

13 

2.1 

actions. Because RAOs for protecting environmental receptors typically seek to preserve or restore a resouice (e.g., 25 

groundwater and surface soil), they are expressed in terms of the medium of interest and target cleanup levels 

(p(joo93 
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whenever possible. RAOs specify: the contaminants of concern: exposure route(s) and receptods): and acceptable a i 

contaminant levels 'or range of levels for each exposure route (Le.. a preliminary remedial goal. or PRG). 2 

Poten'tial risks associated with exposures due to Operable Unit 2 contamination were assessed in considerable derail 

in the Baseline Risk Assessment in the RI report for Operable Unit 2 (DOE 1993a) in order to identify media 

contributing to unacceptable levels of risk that should be addressed to achieve RAOs. From this assessment. 

contaminated media and COCs for Operable Unit 2 were identified. A summary of the conclusions of the Baseline 

Risk Assessment is presented in Section 1.7.3 of the FS report. In all cases, soil and waste material are the media 

requiring remediation. This is because in general. direct contact with surface soil and future migration of soil 

contaminants to groundwater were found to present risks exceeding the 1.OE-06 level. Risks due to current 

contamination of groundwater are beyond the scope'of the Operable Unit 2 RI and are not addressed in either the 

Baseline Risk Assessment or this FS risk evaluation. Therefore, remedial action objectives for groundwater are not 

developed. Only remedial alternatives addressing solid and waste material are developed. The remedial alternatives 

considered for all subunits are similar in process and technologies in that they involve removal and/or treatment of a 
soivwaste material and placement in either an on-site or off-site disposal cell. 

In Section 2.0 of the FS the detailed development of RAOs is presented. Contaminants of concern. are identified 

for all media for each subunit. Allowable exposures in terms of the environmental media of interest are identified 

and preliminary remediation goals (PRGs) for COCs are derived. PRGs are derived COC concentrations in 
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environmental media that are associated with an acceptable level of risk. They can be viewed as preliminary cleanup 

criteria Achieving PRGs is one RAO. Meeting this and other R4Os is the basis for the detailed development and 

20 

21 

evaluation of remedial alternatives especially in terms of the alternatives' ability to mitigate risk. 22 

C.2.1.2 Development of Preliminary Remedial Goals (PRGs) 

23 

24 

IS 

Preliminary remedial goals (PRGs) are specific, risk-based RAOs. PRGs are contaminant concentrations in 26 

environmental media associated with an acceptable level of risk to identified receptors. PRGs are chemical-specific,. 27 
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medium-specific concentrations that address all contaminants and al l  pathways found to be of concern in the baseline 

risk assessment. In the early stages of the RUFS, as stated in the SWCR (DOE 1993~1, PRGs are used as action 

levels to determine if constiients in the environment need to be addressed in the FS. PRGs are not intended to be 

final action levels for remedial actions. Final action levels are developed from preliminary remedial levels (PRLs) 

which account for other. non-risk-based factors. 

PRGs must comply with ARARs as well as be protective of human health. However, ARARs do not exist for all 

COCs. Moreover, some ARAR-based PRGs are less stringent than PRGs based on a 1 .OE-06 to 1 .OE-04 risk range 

and. therefore, do not necessarily meet the "protectiveness of human health" objective. Therefore. both ARAR-based 

and risk-based PRGs are considered during this stage of evaluation. 

The development of PRGs is described in Section 2.0 of the FS report and briefly summarized below. A detailed 

description of the derivation process is discussed in Attachment III to this appendix. PRG Subunit specific PRGs 

are presented in Sections C.3.1, C.4.1, C.5.1, C.6.1 and C.7.1 for the Active Flyash Pile. South Field Inactive Flyash 

Pile, Solid Waste Landfill and Lime Sludge Ponds, respectively. 

To develop risk-based PRGs, target risk levels are established for carcinogens. and target hazard quotients and target 

HIS (the sum of the target hazard quotients) are established for noncarcinogens. Once established, these target risk 

levels are used in calculating the PRGs. For carcinogens, EPA has identified, in the NCP, a target range for 

incremental risks of 1.OE-06 to 1.OE-04 to limit the possibility that an individual will develop cancer due to 

exposures to residual contaminants at an NPL site [40 Code of Federal Regulations (CFR) 3001. As part of cleanup 

at IWL sites, EPA strives to manage possible incremental cancer risks within the target range with 1.OE-06 generally 

serving as the point of departure. For sites where the total estimated ILCR for each receptor is less than 1.OE-04. 

action may not be warranted. However. the total incremental risk should be less than 1.OE-04 after remediation. 

.Hence, at the FEMP site PRGs are calculated assuming 1.OE-06 is the acceptable carcinogenic risk level. 

Noncarcinogenic PRGs are based on an acceptable hazard index of 0.2. 
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The Baseline Risk Assessment in the RI Report presented risk information for a range of receptors under current and i 

future land use scenarios. PRGs are calculated for three of the future receptors: the future on-property farmer: the 2 

. future off-property farmer, and. the future expanded trespasser. 3 

4 

The most severely impacted potential receptor identified in the Baseline Risk Assessment for Operable Unit 2 was 5 

the future on-property farmer who was assumed to possibly reside on either the South Field or Solid Waste Landfill 6 

if the facility became privately held. For PRG development, the on-property resident farmer was assumed to be 7 

exposed to COCs in the soil via the inhalation of dusts, consumption of farm products contaminated by dust 8 

deposition. oral ingestion of soil. dermal contact, and external radiation pathways associated with the soils. 9 

Additionally, the on-property resident farmer was assumed to be exposed to COCs in groundwater through ingestion. 10 

These are the same pathways of exposure used in the baseline risk assessment for this receptor. 11 

In addition to the future on-property farm land use scenario, the federal government would retain ownership to 

preclude further development (including the establishment of residential or farming units). This future land use 

scenario, termed Future Land Use With Continued Federal Ownership, where the land use is a government reserve, 

does not assume any form of perpetual maintenance or active access restrictions to the site following the completion 

of remedial actions and attainment of site-wide remedid goals. It is assumed that the site will be fenced, and "No 

Trespassing" and "No Hunting" signs will be posted. 

An on-property receptor was employed assuming a trespassing type exposure which includes both adult and 

child/youth age groups for the future land use with continued federal ownership scenario. The frequency of exposure 

was expanded to account for the lack of access controls. The expanded trespassing type scenario was employed 

because it represents an upper bound estimate of the exposures a receptor could reasonably be expected to receive 

under the assumption that the federal government continues to exercise its rights of ownership to preclude site 

development for residential use, farming use, indusWcommercial use, and recreational use (i.e., ball fields, jogging 

trails. biking trails. etc.). The expanded trespasser receptor is &I individual who visits the property during childhood 

then visits during adulthood, perhaps for roaming, hiking, bud watching, or similar activities. Due to the size of the, 
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site. fencing, and signs indicating "No Trespassing" and "No Hunting", it is assumed that hunting is not a likely 

activity. The expanded trespasser is assumed to be exposed to soil contaminants via oral ingestion. dermal contact, 

inhalation of dusts. and external radiation pathways. Groundwater PRGs were not developed for the expanded 

2 

3 

trespasser since there were no viable pathways of exposure. 4 

5 

Finally, PRGs for an off-property farmer were developed. This receptor was selected as a receptor under either the 6 

Future Land Use With and Without Continued Federal Ownership scenarios. The off-property farmer is assumed 7 

to be exposed to soils within the Operable Unit 2 area through the inhalation of re-suspended dust containing COCs 

and the consumption of farm products (i.e.. milk. meat. and vegetables) contaminated by dust deposition. 

C.2.1.3 General Alternatives 

In order to evaluate the short term risks associated with alternatives, the activities involved in their implementation 

need to be described. 

c.2.1.2.1 Subunit Alternatives 

8 

9 

IO 

11 

12 

14 

15 

U-238 is the most important COC requiring remediation at subunits within Operable Unit 2 since it is the COC most 

often associated with unacceptable risks due to its presence in soil and its potential migration to groundwater. All 

of the alternatives evaluated involve some degree of removal andor treatment of contaminated m a t e d  to ensure 

the remaining material does not exceed the soil PRGs for U-238. Soil PRGs are derived in order to be protective 

of the on-property RME farmer, the expanded trespasser and the off-property farmer. 

The technical approach for analysis of subunit alternatives involves breaking implementation of each alternative into 

a sequence of general tasks. The general alternatives for each subunit are described in Section 4.0 of the FS Report. 

This highlights tasks anticipated to significantly contribute to COC short-term risks, and to transportation and 

construction risk. This information is organized in one table per alternative which is included in Attachment I of 
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define which tasks would result solely in a transportation or construction risk or in both COC risks and 2 

transportation/construction risk for remedial workers. 

Following division of each alternative into tasks. the following parameters were estimated for use in later risk 

calculations: the duration of each task in days, total crew. total crew labor hours, average labor hours per person. 

and the maximum anticipated exposures in terms of hours/day/person. Next. volumes of material to be excavated 

and transported by truck or by rail and the associated haul distances were estimated for each task to provide inputs 

for quantifying transportation risk. The volume of material to be transported was calculated by multiplying the 

average bulking factor (determined through laboratory tests) for the material being excavated by the in place volume 

estimated to be above the soil PRG. For off-site disposal of noncontaminated flyash alternatives. the distance from 

the site to the off-site disposal area was assumed to be 25 miles. For those alternatives involving stockpiling, an in- 

situ cap, or soil treatment, the distance from the excavation area to the on-site stockpile. in situ cap area. and 

treatment area was measured on a site-specific basis. If material required transportation/relocation, a minimum 

traveled distance of one mile was used in calculations. For alternatives involving off-site low level radioactive waste 

soil disposal of contaminated material at the Nevada Test Site (NTS) ,  a combination of trucking and rail transport 

was assumed. It was assumed that the rail distance would be 2212 miles and that the truck distance would be 111 

miles for each one-way trip. The trucking distance was assumed to allow for transport from the rail off-loading center 

to the NTS. For alternatives requiring off-site disposal at the NTS of less than one railcar, the material is assumed 

to be transported by truck. 
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For each task involving excavation and transportation of contaminated material, the number of trucks required for 22 

transpomng the material was then calculated. This step consisted of first multiplying the volume of material to be 

transported (in cubic feet) by the average density (pounds per cubic feet- based on laboratory data) and dividing this 

23 

24 

value (pounds) by the capacity of an average truck. assumed to be 20 cubic yards per truck. The number of trucks 25 

was then multiplied by the one-way transport distance to estimate the cumulative one-way transport distance 26 

corresponding to all truckloads of the excavated material. This is the standard unit used in evaluating transportation 27 
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physical hazards. The same methodology was used for estimating rail-related transportation risk. In this case. 10 

rail cars (gondolas), each with a capacity of 70 tons, were assumed to comprise one standard (nonexclusive) rail 

volume unit. 

c.2.1.2.2 On-site Disuosal Cell for all Subunits. 

The preferred alternative for all subunits involves placement of contaminat& materia in a common on-site dispos 

cell. This on-site disposal facility would be constructed in the southeast comer of the FEMP site, east of the site 

access road. The contaminated material exceeding the PRGs from Operable Unit 2 would be consolidated and 

disposed in this facility. This facility would include a liner system. leachate collection and treatment system, and 

a capping system. This facility would be constructed in accordance with applicable federal, state and local ARARs 

and DOE guidelines. The design Life and expected effective life would be 200 and 1,OOO years. respectively. 

Additional information on this facility is provided in Section 5.2.3. 

Aquifer modeling was performed for the purpose of assessing the long-term protectiveness of this alternative. 

concentrations of U-234, U-235/236 and U-238 in saturated groundwater immediately below the disposal cell and 

at the downgradient FEW fenceline were estimated. 

The model selected to evaluate groundwater flow is ODAST (Javendel et al. 1984), a one-dimensional analytical 

solution, used for determining fate and transport and transport of the selected radionuclides. The computer code 

calculates the normalized concentrations of a given constituent in a uniform flow field from a source having a 

varying or constant concentration. ODAST evaluates the basic one-dimensional analytical solute transport equation 

as a function of seepage velocity, dispersion coefficient, source decay, retardation factor, depletion time and s o m e  

rate. For this modeling run. contaminant loading was estimated based on the assumption that the clay liner and cap 

remains intact, but that the leachate collection system fails at time zero. 

Groundwater concentrations were estimated using the HELP model (U.S.  EPA, 1984). The HELP model is a quasi- 

two-dimensional hydrologic model of water movement across, into, through and out of a waste unit. The model 

accepts climatologic, soil and design data and simulates a number of hydraulic processes. 
" :(goo99 . 
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For the on-site disposal cells. the HELP model was used to simulate infiltration through the disposal facility cap. 

based on the soil characteristics. local precipitation and weather data. The model was run to "steady state". that is 

until successive simulations showed no appreciable change in soil moisture. 

In order to evaluate long-term risks the ability of the alternatives to meet specified PRGs was assumed. 

e 

C.2.2 Human Health Risk Evaluation 

In evaluating the effectiveness of the remedial alternatives. two types of human health risk are examined: short-term 

and long-term. Short-term human health risks associated with a remedial alternative are those occurring during 

implementation of the alternative. Long-term human health risks are those risks that will remain after the remedy 

is complete (EPA 1991). Long-term risks include risks associated with treatment residuals and untreated wastes: and. 

an assessment of the remedial alternatives' ability to provide protectiveness over time. Residual risk assessments 

are usually done in conjunction with treatment-based remedies. Long-term protectiveness is usually associated with 

containment-based remedies. This OU2 FS risk evaluation examines both assessments quantitatively. e . .  

C.2.2.1 Risk Assessment Methodology 

The analysis of both short-term and long-term human health risk follows the same basic methodology as the baseline 

risk assessment for OU2 which is described in detail in Section B.2.0 of the RI Report (DOE 1993a). It follows the 

genenl four-step process: 1) COPC identification, 2) exposure assessment, 3) toxicity assessment, and 4) risk 

characterization. Completion of these processes for the specific risk evaluations presented here are discussed in the 

sections that follow. 

c.2.2.1.1 Contaminants of Concern (COCsl. 

Constituents of potential concern (CPCs) are identified in the baseline risk assessment. They are the subset of 

chemicals that remain after a two-step statistical and toxicological screening process which identifies the chemicals e 
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and radionuclides that, based on their prevalence, concentration. and relative toxicity, are considered to be of potential 

concern to human health. These are the constituents that are quantitatively evaluated in the baseline risk assessment 

which is presented as Appendix B of the Operable Unit 2 RI report (DOE 1993a). 

CPCs are identified for every contaminated medium independently for each subunit: and are carried through a 

quantitative risk assessment on a subunit-specific basis. All constituents associated with a carcinogenic risk of 1.OE- 

06 or greater, or a hazard index of 0.2 or greater in the baseline risk assessment are then identified as contaminants 

of concern (COCs). These are the contaminants that must be addressed by remedial alternatives. 

COCs are identified independently for each subunit and are summarized below in Sections C.3.1, C.4.1. C.5.1. C.6.1. 

and C.7.1 for the Active Flyash Pile, South Field, Inactive Flyash Pile. Solid Waste Landfiil, and Lime Sludge Ponds. 

respectively . 

c.2.2.1.2 Exuosure Assessment. 

The exposure assessment of this risk evaluation identifies the pathways of COC exposure that may occur during 

remedial alternative implementation, as well as after remedial action has taken place: and, identifies possible 

receptors. 

Since all of the alternatives identified for Operable Unit 2 involve soil handling activities, the pathways of COC 

exposure conmbuting to short term risk involve direct contact with soil via inhalation, dermal contact, external 

radiation. and ingestion. Potential short-term receptors who may be exposed to soil via these pathways are 

nonremedial workers in the vicinity who may not be protected, and members of the public. A potential trespasser 

is assumed to be a member of the public for the purpose of assessing short-term risk to an individual coming onto 

the areas being remediated. An off-site farmer is a member of the public who may experience contact with 

contaminated soil even while remaining off-site. via inhalation of dust. These three receptors and the pathways via 

which they can be exposed to COCs during remedial alternative implementation are summarized in Table C.2-l(a). 
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TABLE C2-l(a) . 
EXPOSURE SCENARIOS FOR ESTIMATION OF SHORT-TERM RISK 

650  4 

Short-Term Receptor 

trespassing youth 

nonremedial workers* 

off-property farmer 

Direct Contact Medium 

air 
~~ 

soil 

air 

soil 

air 

remedial workers assumed to be protected 

inhalation 

ingestion 
dermal contact 
external radiation 

~~ 

inhalation 

ingestion 
dermal contact 
external radiation 

inhalation 1 
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Long-term receptors who may be exposed to soil via the aforementioned pathways are the future expanded trespasser. 

& 0fTpsoff-property farmer and the future on-property farmer. These are some of the receptors used to estimate 

baseline risks for Operable Unit 2 in the baseline risk assessment. In addition. with some of the alternatives, the on- 

property farmer may be exposed to contaminants in groundwater via ingestion. dermal contact and inhalation while 

bathing, as well as via consumption of beef. milk and homegrown produce contaminated by biouptake of 

contaminated groundwater. The on-property farmer may be further exposed to groundwater contaminants migrating 

from treatment or containment based options into the Great Miami Aquifer. These three receptors and the pathways 

via which they might be exposed to COCs after remedial alternative implementation are summarized in Table C.2- 

The intake equations utilized to estimate COC exposures to these short-term and long-term receptors are equivalent 

to the equations utilized in the baseline risk assessment for Operable Unit 2 and are not repeated here. The reader 

is referred to the detailed discussion of intake equations presented in the Baseline Risk Assessment in the RI Report. 

The exposure parameter values identified in the intake equations used to estimate exposure differ depending on 

whether exposures are assumed to be short-term or long-term. Parameter values used to estimate short term and long 

term risk are listed in Tables C.2-2(a) and C.2-2(b), respectively. 

To quantify potential short-term risks it was assumed that COC exposure point concentrations would be the most 

highly contaminated material being addressed. Air concentrations resulting from this material becoming airborne 

were estimated as described in Table C.2-3. 

To quantify potential long-term residual risks. exposure point concentrations used to estimate intake via inhalation 

of resuspended particulate matter at the Active Flyash Pile, Inactive Flyash Pile and South Field. modeled air 

concentrations, assuming the most highly contaminated material within the subunit for the alternative being evaluated, 

would become exposed over time. Based on the OU4 FS/CRARE (DOE, 1993) it was determined that no significant 
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Direct Contact Medium 

air 

soil 

air 

soil 

groundwater 

homegrown produce 

homegrown beef/milk 

air 

homegrown produce 

homegrown beef/milk 

groundwater 

TABLE C2-l(b) 

Route of Exposure 

inhalation 

ingestion 
dermal contact 
external radiation 

inhalation 

ingestion 
dermal contact 
external radiation 

ingestion 
inhalation 
dermal contact 

ingestion 

ingestion 

inhalation 

ingestion 

ingestion of milk and beef 

ingestion 
inhalation 
dermal contact 

EXPOSURE SCENARIOS FOR ESTIMATION OF LONG-TERM RISK 

~~~~ ~~ ~~ 

on-property RME farmer 

Receptor 

expanded trespasser 

off-property farmer 
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TABLE C2-2(a) 

PARAMETERS USED TO ESTIM-TE POTENTIAL 
SHORT-TERM EXPOSURE' 

Trespassing Non-remediation Off-property 
Pathway Parameters Youth Worker Farmer 

Inhalation of VOCs, Fugitive Dust, .Radon 

Inhalation Rate (IR) (m3/hr) 0.83a 0.83= 0.83 

Exposure Time (ET) (hr/d) 4d 8h 5 . 9  

Exposure Frequency (EF) (d/yr) 52' (or asv) 50d (or asv) 350 (or asv) 
may be < alt duration 

Exposure Duration (ED) (yr) aSV a S V  a S V  

Averaging Time (AT) - Noncancer (d) asv' aSve aSV' 

Body Weight (BW) (kg) 43b 70b 70b 

Averaging Time (AT) - Cancer (d)' 25550 25550 25550 

Ingestion Rate (IR) (mg/d) 100 0.18 NA 

Fraction Ingested from Contaminated Source (n) 0.25 0.25 NA 

Exposure Frequency (EF) (d/yr) 52' (or asv) SOd (or asv) NA 

Exposure Duration (ED) (yr) asv a S V  NA 

Body Weight (BW) (kg) 43b 70b NA 

Averaging Time (AT) - Noncancer (d) aSV' awe NA 

Averaging Time (AT) - Cancer (d)' 25550 25550 NA 

CF - rads (g/mg) 1.0E-3h 1.OE-3 NA 

Skin Surface Area Available for Contact (SA) (cm2) 42009 57509 NA 

Skin Adherence Factor (AF) (mg/cm2) 1.Og 1.09 NA 

Adsorption Factor (ABS) (unitless) 

Exposure Frequency (EF) (d/yr) 

CSV CSV NA 

52' (or asv) sod (asv) NA 

Exposure Duration (ED) (yr) a S V  a S V  NA 

Body Weight (BW) (kg) 43b 70b NA 

Averaging Time (AT) - Noncancer (d) aSV' aSV' NA 

Averaging Time (AT) - Cancer (d)' 25550 25550 NA 

CF (mg/kg) 1.OE-6 1.OE-6 NA 

,&4tI5 
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TABLE C2-2(a) (Continued) 

Trespassing Non-remediation Off-property 
Pathway Parameters Youth Worker Farmer 

External Radiation From Soil/Sediment 

ET,, &/day) 0 Oh NA 

ET,,t @/day) 4c gh NA 

EF (day/yr) 52' (or asv) 50d (or asv) NA 

a S V  

NA 

a s V  

NA 

NA 

NA 

Shout (unitless) 0 0 NA 

CF (yr/hr) l.lE-4' l.lE-4' NA 

a Derived by dividing the adult human inhalation rate of 20 m3/day by 24 hours/day, and rounding to two 
signrfcant figures (EPA 1989). 
Parameter values obtained from the Risk Assessment Work Plan Addendum (DOE 1992) unless otherwise 
noted. 
Specific guidance from EPA Region 5. Standard trespass scenario assumes 4 hr/d, 52 d/yr; maybe modified 
if asv ED is less than 52 days. 
Number of days nonremedial worker may be expected to visit remedial area. 

e Calculated as the product of ED (years) for the specific alternative x 365 days/year. 
Averaging time for carcinogenicity calculated as the product of 70 years x 365 days/year. 

g From Dermal Exposure Assessment Principals and Applications, EPA/600/8-91/011B. 
Assumes non-remediation worker spends 8 hr work day outdoors. 

asv = alternative-specific value 
csv = Chemical-specific value 
NA = Not applicable 

C 
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TABLE C2-2(b) 

PARAMETERS USED TO ESTIMATE POTENTIAL 
RESIDUAL RISK' 

Expanded 
Off-property On-property Trespasser 

Pathway Parameters Farmer Farmer oc/a 

Inhalation Rate (IR)' (m3/hr) 

Exposure Time (ET) (hr/d) 

Exposure Frequency (EF) (d/yr) 

Exposure Duration (ED) (yr) 

Body Weight (BW) (kg) 

Averaging Time (AT) - Noncancer (d)g 

0.83b 0.83b 0.83b/0.83b 

5.7 5.7 2c/1c 

350 350 11Oh/4oh 

70 70 12/32 

70 70 43/70 

25550 25550 4380/11680 

Averaging Time (AT) - Cancer (d)g 25550 25550 25550/25550 

Ingestion Rate (IR) (mg/d) NA 180d 100d/lOOd 

Fraction Ingested from Contaminated Source (FI) NA le 0.125h/0.0629 

Exposure Frequency (EF) (d/yr) NA 350 llOh/@ 

Exposure Duration (ED) (yr) 

Body Weight (BW) (kg) 

Averaging Time (AT) - Noncancer (d)g 

Averaging Time (AT) - Cancer (d)g 

CF - rads (g/mg) 

NA 70 12/32 

NA 70 43/70 

NA 25550 4380/11680 

NA 25550 25550/25550 

NA 1.OE-3 1.OE-3/1.OE-3 

Skin Surface Area Available for Contact (SA) (cm') NA 5750' 420075756 

Skin Adherence Factor (AF) (mg/cm2) NA 1.0' lf/lf 

Adsorption Factor (ABS) (unitless) NA CSV CSv/CSv 

Exposure Frequency (EF) (d/yr) NA 350 11Oh/4oh 

Exposure Duration (ED) (yr) NA 70 12/32 

Body Weight (BW) (kg) NA 70 43/70 

Averaging Time (AT) - Noncancer (d)g NA 25550 4380/ 11680 
Averaging Time (AT) - Cancer (d)g NA 25550 25550"/25550" 

CF (mg/kg) NA 1.OE-6 l.OE-6/1.OE-6 
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Exposure Point Concentrations 

Soil Air 

TABLE C2-3 

EXPOSURE POINT CONCENTRATIONS FOR ESTIMATION OF SHORT-TERM RISKS 

In-situ containment highest COC concentrations 
exposed during removal of 
soil/source material 

No Action current surface soil/material 

COC concentrations 

In-situ Treatment highest COC concentrations 
exposed during treatment 

Removal 

Ex-situ Treatment 

highest COC concentrations 
exposed during removal of 
soil/source material 

highest COC concentrations 
exposed during treatment 

I 
I 

Disposal highest COC concentrations 
exposed during removal 

current air COC concentrations from RI, 
Section 5.0 

current air COC concentrations from RI, 
Section 5.0 

estimated from the equation: 

Ca = (DI) (C,) (CF) 

where: 

Ca = COC air concentration 

D, = dust loadin factor 

C, = COC soil concentration 

CF = conversion factor 

(mg/m3) 

(6.0 x lo4 g/m F ) 

(Pg/g) 

(10" mg/kg) 

for radionuclides: 

Ca = ('1) (CJ 

Ca = COC air concentration 

D, = dust loading factor 

C, = contaminant concentration in soil 

(pCi/m3) 

(6 x lo4) g/m3 

(pCi/g) 
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emissions occur from the disposal facilities or capped areas. Therefore residual risk calculation for the Solid Waste 

Landfill and the Lime Sludge Ponds are unnecessary. 

Air concentrations and deposition rates used to calculated long-term risk are summarized in Tables C.24a). (b). and 

(c). Air modeling results used to estimate the inhalation intake and t h u s k k  reflect characteristics inherent to each 

land use scenario. Future land use with continued federal ownership 

-4.e.. the expanded trespasser and off-property farmer-assumes an 85% vegetative cover. Future land use without 

federal ownership assumes a 50% vegetative cover. These assumptions were made to determine realistic. yet 

conservative surface soil and air concentrations that identified receptors may encounter at Operable Unit 2 subunits. 

Where appropriate, groundwater concentrations (of uranium isotopes by the remedial alternatives) that would exist 

following implementation of specified alternatives for the Inactive Flyash Pile, the South Field and the Active Flyash 

Pile were determined. These concentrations are summarized in Table C.2-5 and were used as a groundwater 

exposure concentration to estimate residual groundwater risk for the future on-property farmer receptor. Potential 

groundwater exposures to the off-property receptor were also quantified. 

C.2.2.1.3 Toxicity Assessment. 

A toxicity assessment examines information concerning the potential effects of exposure to COCs and summarizes 

EPA-approved toxicity values. The goal is to provide, for each CPC, a quantitative estimate of the relationship 

between the magnitude and type of exposure and severity or probability of human health effects. The toxicity 

assessment contains a compilation of toxicity values for COCs. This section presents tabulated summary toxicity 

information for COCs with noncarcinogenic and carcinogenic effects for which a risk evaluation is performed. 

Noncarcinonens. For noncarcinogens, it is assumed that a dose exists below which no adverse health effects will 

be seen. Below this "threshold" dose, exposure to a chemical can be tolerated without adverse effects. The potential 
I .  
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TABLE C34(b) 
AIR CONCENTRATIONS AND DEPOSITION RATES USED TO CALCULATE LONG-TERM RISK 

INACTIVE FLYASH 
All Alternatives 

Surface Soil 
Concentration 
(mglkg: DCilkg) 

Arsenic 6.90E+00 
Beryllium 1.40E+00 
U-TOTAL 5.86E+00 
Benzo(a)pyrene 7.00E+00 
Aroclor-1254 4.00E-02 

CS-137 
NP-237 
PU-238 
PU-239 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
TH-232 
U-234 
U-235 
U-238 

0.00E+00 
1.80E-0 1 

0.00E+00 
0.00E+00 
1.01E+00 
7.30E-0 1 

0.00E+00 
8.33E-0 1 

2.03E+00 
7.32E-0 1 

1.09E+00 
8.00E-02 

1.44E+00 

Deposition Rate 
(mglm2h.r; pCilm2h.r) onc'n in Air (mdm3: oCilm3 

&-Subunit Off-Site On-Subunit Off-Site 
3.02E-05 2.70E-06 1.27E-07 1.24E-08 
4.45E-06 3.83E-07 1.71E-08 1.76E-09 
2.888-05 2.51E-06 l.llE-07 1.15E-08 
2.18E-05 1.15E-06 8.96E-08 5.4 1 E49 
1.24E-07 6.59E-09 5.11E-10 3.09E-11 

0.00E+00 
9.18E-07 

0.00E+00 
0.00E+00 

4.74E-06 
3.18E46 
0.00E+00 

3.12E-06 
1.01E-05 
2.74E-06 
5.28E-06 
3.83E-07 
6.79E-06 

0.00E+00 
8.14E-08 

0.00E+00 
0.00E+00 

4.32E-07 
2.82E-07 

0.00E+00 
2.63 E-07 
8.87E-07 
2.3 1E-07 
4.588-07 
3.30E-08 
5.80E-07 

0.00E+00 
3.61E-09 

0.00E+00 
0.00E+00 

1.99E-08 
1.34E-08 

0.00E+00 
1.3 1E-08 
3.89E-08 
1.15E-08 
2.03E-08 
1.47E-09 
2.60848 

0.00E+00 
3.74E- 10 

0.00E+00 
0.00€+00 

1.99E-09 
1.30E-09 

0.00E+00 
1.21E-09 
4.08E-09 
1.07E-09 
2.10E-09 

2.66E-09 
1.52E-10 

*Exposed till and exposed GMA were used to model air concentrations and deposition rates. Surface soil 
concentrations selected reflect the most conservative exposed soil concentrations from either soil type. 

, _ . .  
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TABLE C 2 4 d  
AIR CONCENTRATIONS AND DEPOSITION RATES USED TO CALCULATE LONG-TERM RISK 

s o m  FIELD 
Consolidation/Conkzinment 

Surface Soil Deposition Rate 
Concentration Conc'n in Air (mdm3: uCi/m3) (mg/mZ/hr; p C i / d / h r )  

Contaminant 
Arseaic 
Beryllium 
chromium 

U-TOTAL 

B=da)pymc 

Amlor 12% 

Aroclor 1260 
CS-137 
NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
U-234 

u-235 
u-238 

[rnglkrr: uCik 
7.64E+00 

8.80E-01 
1.99E+01 
2.978 +02 
7.00E+00 

3 50E-02 

1.90E +00 
5.00E+00 
9.21E+00 
1.94E +00 
1.70Et00 
1.38E+01 
1.29E+01 
7.83E +01 
4.OSE +00 
5.70E +01 

3.80E-02 

OnSubunit On-Site 
5 AE-05 3 20E-04 
3.378-06 1.93845 
1.21E-04 7.00E-04 
1.13E-04 6.64E-04 
3.948-05 2.25E-04 
2.25E-07 1.298-06 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

3.20E-05 1.83E-04 
7.19E-06 4.21845 
6.60E-06 3.84845 

9.608-06 5.17E-05 
5.068-06 2.94E-05 
2.08E-05 1.20E-04 
1.27E-06 7.28E-06 
2.68E-05 1.54844 

5.53846 3.21E-05 

Off-Site On-Subunit On-Site 
3.77E-06 2.07E-07 1.37E-06 
1.56E-07 1.228-08 8.06848 
6.60846 4.478-07 2.968-06 

1.828-06 1.438-07 9.418-07 
7.328-06 4.28E-07 2.83E-06 

1.04E-08 8.16E-10 5.38E-09 

Off-Site 
1.83848 

3.24E-08 
7.72E-10 

3 S5E-08 
9.01E-09 
5.15E-11 

0.00E+00 0.00E+00 
0.00E+00 0.00E+00 

1.48846 1.16E-04 
4.69847 2.72E-05 
3.988-07 2.47845 

6.78E-07 3.70E-05 
3.00E-07 1.88E-05 
1.08E-06 7.65845 
6.268-08 4.63E-06 

3.228-07 2.05E-05 

1.37E-06 9.83E-05 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

7.668-04 7.33E-06 

1.638-04 1.948-06 
1.80E-04 2.27E-06 

1.36E-04 1 S8E-06 
2.248-04 3.26E-06 
1.248-04 1.46E-06 
5.05E-04 5.31846 
3.06E-05 3.08E-07 
6.48 E-04 6.75 E-06 

*Exposed till, exposed f i l l  and exposed GMA were used to model air concentrations and deposition rates. Surface soil 

concentrations selected reflect the most conservative exposed soil concentrations from either soil type. 
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Contaminant 
Arsenic 

Bc~yllium 

chromium 

U-TOTAL 

&ato(a)pymc 

Aroclm 1254 

Aroclor 1260 
CS- 137 
NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
u-235 
u-238 

TABLE C34W 
(continued) 

On-Site Lkposd 

Surface Soil 
Concentration Conc'n in Air (malm3: ~Ci/m3) 
Jmdke: uCi/k 

7.64E+OO 
8.80E-01 

1.99E+01 
2.978 +02 
7.00E+00 

3 50E-02 
3 50E-02 
6.92E-0 1 

S.OOE+OO 
9.21E+00 
1.94E +00 
1.70E +00 
1.38E+01 
1.29E +01 
7.838+01 
4.05E +00 
5.70E+01 

OnSubunit 
8.14E-05 
5.788-06 
1.91E-04 
2.23843 
4.63 E-05 
3.85E-07 
2.81E-07 
5.1 1E-06 
3.35E-05 
7.068-05 
1.68845 
1.498-05 
1 .O5E44 
9.7 1 E-05 
5.868-04 
3.04E-05 
4.45844 

OnSite. 
5.128-04 
3.94845 
1.258-03 
1 S2E-02 
1.998-04 
2.63 E-06 
1.90E-06 
3.47845 
1.07E-04 
4.83E-04 
1.16E-04 
1.03E-04 
7.188-04 
6.61844 
3.98E-03 
2.07E-04 
3.038-03 

OffSite 
5.26E-06 
2.96E-07 
1.05E-05 
8.40845 
2.20E-06 
1.97E-08 
1.01E-08 
1.84847 
1.56E-06 
2.78E-06 
8.11E-07 
7.05E-07 
4.09E-06 
3.65E-06 
2.17E-05 
1.13E-06 
1.68E-05 

FEMP-OU024DRAFT 
April 29, 1994 

Deposition Rate 
(mglm2lhr; pCi/m2/hr) 

On-Subunit 
3.09E-07 
2.21E-08 
7.12E-07 
8.22846 
1.69E-07 
1.478-09 

O.OOE+OO 
1.878-05 
1.22E-04 
2.60E-04 
6.388-05 
5.66E-05 
3.878-04 
3 57E-04 
2.168-03 
1.12E-04 
1.64843 

OnSite 
2.218-06 
1.68847 
5.348-06 
6.42845 

1.12E-08 
8.03 E-09 
1.46844 
4.71E-04 
2.04843 

4.398-04 
3.04E-03 

1.688-02 

8.648-07 

4.948-04 

2 -79 E-03 

OffSite 
2.57848 
1.39E-09 

4.00E-07 
5.15E-08 

1.09E-08 
9.388-11 
4.81E-11 
8.748-07 
7.728-06 
1.32845 
3.98846 

1.94E-05 
1.748-05 

3.41E-06 

1.03E-04 
8.7 1 E-04 5.37E-06 
1.28842 7.988-05 

*Exposed till, exposed fill and exposed GMA were used to model air concentrations and deposition rates. Surface soil 
concentrations selected reflect the most conservative exposed soil concentrations from either soil type. 

: 
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A 0 .? L:;. 
for nonc cinoge ic health effects resulting from exposure to chemical contaminants is assessed by comparing an 

exposure estimate (intake) to a reference dose (RfD). It represents a daily intake of contaminants per kilogram of 

body weight that is not sufficient to cause the threshold effect of concern for the contaminants (mag-day) .  

An IUD is specific to the chemical. the route of exposure. and exposure duration. It is derived from an EPA review 

of relevant human and animal studies to ascertain the no-observed adverse effect level (NOAEL) or if data is 

inadequate for such a determination, the lowest-observed adverse effect level (LOAEL). The NOAEL (or LOAEL) 

is then divided by uncertainty factors to ensure that the RfD will be protective of human health. In addition to these 

uncertainty factors. modifying factors between 0 and 10 may be applied to reflect additional qualitative considerations 

in evaluating the data For most compounds, the modifying factor is 1. A brief discussion on the derivation of RfDs 

is presented in Section B.2.5 of the Baseline Risk Assessment for Operable Unit 2 (DOE 1993a). 

To evaluate short-term noncarcinogenic hazard, subchronic. rather than chronic. RfDs are used. Subchronic RfDs 

for the noncarcinogenic COCs evaluated in this risk evaluation are summarized in Table C.2-6(a). Chronic RfDs 

are used to evaluate long-term noncarcinogenic hazards. Chronic RfDs for these COCs are summarized in Table 

C.2-6(b). 

Chemical Carcinogens. Toxicity information considered in the assessment of potential carcinogenic risks includes 

( 1) a weight-of-evidence classification and (2) a slope factor. The weight-of-evidence classification qualitatively 

describes the likelihood that a chemical is a human carcinogen and is based on an evaluation of available data from 

human and animal studies. 

For carcinogens, it is assumed that there is no dose at which adverse health effects will be observed. Cancer slope 

factors are toxicity values used to quantitatively express the probability that exposure to a contaminant will cause 

cancer. Slope factors represent the upper-bound estimate of the probability of cancer incidence per unit dose 

averaged over a lifetime. Slope factors are derived from studies of carcinogenicity in humans and/or laboratory 

animals and are typically calculated for compounds that are human carcinogens (weight-of-evidence classification 
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A) or probable human carcinogens (weight-of-evidence classification Bl/B2). Slope factors are specifK 

and route of exposure and expressed in units of (mg/kg-dy’ for both oral and inhalation routes. Slope factors for 

COCs addressed in this risk evaluation are presented in Table C.2-7. The primary sources of these toxicity values 

are EPA’s Integrated Risk Information System (IRIS) (EPA 1993a) and the quarterly updated HEAST (EPA 1993b). 

Other EPA sources of cancer slope factors were also consulted when available. Surrogate chemicals were not used 

for cancer slope factor derivation unless the chemical similarity was very close and the derivation was highly 

defensible. However, exceptions were made for the carcinogenicity of PCB isomers. dioxins and furans, and PAHs. 

These exceptions are discussed at length in the Toxicity Assessment (Section 2.5) of the Baseline Risk Assessment 

for Operable Unit 2 (DOE 1993a). 

The following exceptions. where information from one chemical was used to model a compound class, are noted: 

0 The carcinogenicity of all polychlorinated biphenyl (PCB) isomers is assumed to be equal to the 

carcinogenicity of Aroclor- 1260 because dose-response data for other isomers are inconclusive. 

0 The carcinogenicity of PAHs is determined initially using the benzo(a)pyrene cancer slope factors, 

and refined using a relative potency approach (Clement 1988, 1990). 

Slope factors for chemical, carcinogenic COCs evaluated in this risk evaluation are summarized in Table C.2-5. 

Radiocarcinogens. Some elements have isotopes which undergo a spontaneous transformation into more stable 

atoms. The transformation process, or radioactive decay, is usually accompanied by the emission of charged particles 

and gamma rays. These emissions are called radiation and are typed as alpha, beta, and gamma. Alpha and beta 

radiation consist of charged particles capable of ionizing nearby matter. These radiations generally have little ability 

to penetrate deeply into adjacent matter, and can be interdicted by skin, air, and clothing. In most cases. the emission 

of an alpha or beta particle from an atom is followed by a release of x-rays or gamma radiation. Depending on their 
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April 29, 1994 a energies, these radiations may have considerably more penetration power than either alpha or beta radiation and are 

thus more difficult to shield. 

Radioactive contamination within Operable Unit 2 is characterized as low-level ionizing radiation. The principal 

adverse biological effects associated with ionizing radiation from radioactive substances in the environment .are 

mutagenicity, teratogenicity, and carcinogenicity. Mutagenicity is the ability to induce genetic mutations in the nuclei 

of either body cells or reproductive cells. Teratogenicity is the ability to induce or increase the incidence of 

congenital malformations. which are permanent structural or functional deviations produced during embryonic growth 

and development. Carcinogenicity is the ability to produce cancer. The carcinogenicity of a radioactive isotope of 

an element depends on several factors including: 10 

11 

The type of radiation emitted by the radioisotope 12 

0 The energy of the radiation emitted 13 

The radiological half-life of the isotope 14 

0 The retention and concentration characteristics of the radioisotope in the human body. IS 

16 

Carcinogenicity is believed to be the limiting deleterious effect at the levels of radiation dose encountered within 17 

Operable Unit 2 and has been used as the sole basis for assessing the radiation-related human health risks of a site 18 

contaminated with radionuclides (EPA 1989a). 19 

20 

Radiation exposures can be s e w e d  into external and internal exposures. External exposure occurs when the 21 

radionuclide is outside of the body. Because alpha and beta radiation generally have a low penetrating power, skin 22 

and air become effective radiation shields in most cases. Therefore, external exposures to gamma radiation are the 23 

primary concern at environmental levels. Internal exposure occurs after the radionuclide enters the body via 'A 

inhalation or ingestion. For internal exposures, alpha and beta particles become more important because their energy 15 

is directly absorbed by living cells. a 2 6 . '  . 
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Inhalation and ingestion are the primary routes for internal exposure to radionuclides. Biologically significant 

exposures to alpha and beta emitters are more probable for internal exposure because the emitter is in direct contact 

with tissue. Once in the body, exposure depends on the absorption and retention characteristics of the radionuclide. 

These absorption and retention characteristics are based on the chemical form of the radionuclide in a compound and 

not on the isotopic form of the radionuclide. 

The relationship between radiation dose and health effects is relatively well characterized for high doses (i.e., > 10 

rad). Hence, risk estimates are strictly applicable only to large populations exposed to high levels of radiation. 

Lower levels of exposure may constitute a health risk, but a direct cause and effect relationship is difficult to 

establish because a particular effect in a specific individual can be produced by many different processes. For low 

doses. health effects are presumed to occur but can only be estimated statistically. Therefore. the risk of cancer 

incidence from exposure to low levels of ionizing radiation must be extrapolated from incidence data at higher doses. 

Under CERCLA methodology, the EPA assumes a unit intake of. or external exposure to, a radionuclide over a 

lifetime. The annual radiation dose equivalent from the radionuclide to each organ in each year of life is calculated. 

The average excess number of all types of radiation-induced fatal cancers that occur in a year is then estimated for 

the corresponding dose equivalents received during that year and relevant preceding years. The excess number of 

radiation-induced fatal cancers is derived from epidemiological data, extrapolation from high radiation doses to low 

doses. and hypothetical models for projecting risk through a lifetime. The relationship between cancer incidence and 

exposure to radioactive materials is quantified by using mathematical extrapolation models, which estimate the largest 

possible linear slope (within the 95 percent confidence limit) at low extrapolated doses consistent with the data. 

Because EPA is concerned with assessing cancer incidence, each radionuclide slope factor has been calculated by 

dividing the excess fatal cancer risk for that radionuclide by the mortality-to-incidence risk ratio (EPA 1989a) for 

the types of cancer induced by that radionuclide. This "radiocarcinogenicity slope factor" thus is characterized as 

the "maximum likelihood estimate of the age-averaged lifetime total excess cancer risk per unit intake or exposure". 

That is, the true risk to humans, although not identifiable, is not likely to exceed this upperbound estimate. 
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Cancer slope factors. GI absorption factors, and lung retention classifications for the radionuclides of concern are i 

presented in Table C.2-8. The specific radionuclides of concern for each subunit in Operable Unit 2 are summarized 

on the list of COCs for each subunit in Sections C.3 through C.7. 

2 

3 

Dermal Reference Doses and Cancer Slope Factors 

Dermal RfD values and cancer slope factors for chemical carcinogens are derived from the corresponding oral values. 

In the derivation of a dermal RfD. the oral RfD is multiplied by the gasfrointestinal (GI) efficiency factor. expressed 

as a fnction. The resulting dermal RfD is an RfD based on absorbed dose, which is the appropriate value with 

which to compare a dermal dose. because dermal doses are expressed as absorbed rather than exposure doses. In 

a similar manner, and for the same reasons, a dermal cancer slope factor is divided. rather than multiplied. by the 

GI adsorption efficiency because cancer slope factors are expressed as reciprocal dose. Dermal RfD values and 

cancer slope factors for the chemicals of concern in Operable Unit 2 are presented in Table C.2-9. 

The most important consideration regarding the uncertainty associated with a dermal RfD or cancer slope factor is 

the accuracy of the GI absorption efficiency factor. For this reason, the toxicity profiles presented in Attachment 

I11 of the Baseline Risk Assessment contain pharmacokinetics sections in which the oral absorption data are 

evaluated. Where appropriate, the low (most conservative) end of the range of available GI absorption data for 

humans is used in the derivation of the dermal IUD or cancer slope factor. When the human data are insufficient. 

animal data are used. Data from high-dose experiments not used if more suitable data are available and it appears 

that saturation of the GI absorption process could have occurred. 

When sufficient quantitative data were not located, a default GI absorption factor was used. As noted by EPA 

(1989a), the GI absorption of many metals from the GI tract is limited, and 0.05 is a reasonable default for metals 

and inorganic substances. EPA (1989a) did not recommend a separate default value for organic chemicals. A 

compilation of data for 19 organic chemicals presented GI absorption efficiencies of at least 0.9, indicating that 

organic chemicals are generally readily absorbed. The arithmetic average of the GI efficiencies for the 19 organic 

chemicals. 0.91368, equivalent to 0.9 when rounded to one significant figure, appears to be a reasonable default, GI 
, - ,  . . ' -  - 
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TABLE C.2-8 

CANCER SLOPE FACTORS FOR OPERABLE UNIT 2 RADIONUCLIDES OF CONCERN 

ICRP GI Absorptionb Factor Penetrating 

Radlonudlds (Pel)-' (@I-’ (F+wm-l 
Lung Classa lnhalatlonb ($1 Ingestionb ExtamalEXpOaure 

Cs-137 + dtr 

~~~ 

D 1.9 x lo-” 1.0 x loo 2.8 x 10-l’ 2.0 x lo= 

Np-237 + dtr W 2.9 x 10” 1.0 2.2 x 4.3 

Y 3.9 x 10” 1.0 10” 2.2 x 10-’O 2.8 x 10’” Pu-238 

Ra-226 + 5 dtrs W 3.0 2.0 x 10-l ‘1.2 x ro-’O 6.0 x 10’ 

Ra-226 + 8 dtrs W 7.0 2.0 x 10-l 7.8 x 10-l’ 6.0 x lo6 

Ra-228 + dtr W 6.9 x lo-’’ 2.0 x 10-l 1.0 x 10”O 2.9 x lo6 
8 Rn-222 + 4 dtrs 7.7 x lo-’’ 1.0 x loo 1.7 x lo-’’ 5.9 x 10’ 

Th-230 Y 2.9 x 10” 2.0 x lod 1.3 x lo-’’ 5.4 x lo-” 

Th-228 + 7 dtrs Y 7.8 x 10” 2.0 x 5.5 x lo-” 5.6 x lo6 

Th-232 Y 2.8 x 10” 2.0 x lo-” 1.2 x lo-” 2.6 x lo-” 

Th-232 + 10 dtrs Y 1.1 2.0 x 1--l 1.7 x lo-’’ 8.5 x lo6 

U-234 Y 2.6 x 10” 5.0 x 10.’ 1.6 x 10.” 3.0 x 10’” 

U-235 + dtr Y 2.5 x 10” 5.0 x lo-’ 1.6 x lo-’’ 2.4 IO-’ 

2.8 x 10‘” 3.6 x 10” U-238 + 2 dtrs Y 5.2 x 10” 5.0 x 10’’ 

aClassification recommended by the ICRP for half-time for clearance from the lung. “Y” = years, W = weeks, 
“CY = days, = gas. 
bEPA, 1993b. 
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TABLE C2-9 

DERMAL REFERENCE DOSES AND CANCER SLOPE FACTORS FOR 
CHEMICAL CONTAMINANTS OF CONCERN 

Gastrointestinal Dermal Reference Dose Dermal Slope Factor 
Chemical Absorption Fraction (mg/kg-day) (mdkg-day)" 

Inorganics 

Arsenic 0.95a 2.85 x lo4 1.90 x 100 

Be ry 11 i u m O.Ola 5.00 x loJ 4.30 x 102 

Chromium (VI) 0.45b 2.25 10" ND 

Semivola tiles 

Benzo(a)anthracene 0.43b 

Benzo( a) pyrene 0.43b 

Benzo(b) fluoranthene 0.43b 

Benzo(b)perylene 0.43b 

Benzo(k)fluoranthene 0.43b 

Chrysene 0.43b 

Dibenzo( a,h)anthracene 0.43b 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
N D  

ND 

ND 

ND 

ND 

Indeno( 1,2,3-cd) pyrene 0.43b ND ND 

Polychlorinated biphenyls 0.75 

Dieldrin 

5.30 x l o 5  1.03 x 10' 

a See the Toxicity Profile for this chemical in Attachment 111, of the RI Report (January 1994). 
EPA 1 9 9 3 ~  Memorandum from ECAO to EPA Region V, 7/21/93, including Attachments 1-6. 
ND = Not Derived 

JAC\CRU2PS\JAH\D~D&4414 .W3 4/lS/W; 312pm 
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absorption efficiency factor for organic chemicals. The default of 0.9 for GI absorption is used for organic chemicals 

for which quantitative data were not sufficient. 2 

3 

Toxicity Profiles. Toxicity profiles are included as Attachment III of the Baseline Risk Assessment for Operable 4 

Unit 2 (DOE 199311). 5 

C.2.2.1.4 Risk Characterization. 

Risk estimates are derived by combining the results of the exposure assessment and the toxicity assessment to 

quantitatively estimate the carcinogenic risk and noncarcinogenic hazard associated with exposure to COCs. The 

potential of a COC to cause carcinogenic effects is presented as the incremental lifetime cancer risk (ILCR). 

Potential noncarcinogenic effects are presented as hazard quotients (HQ) or hazard indices (HI), as defined below. 

Risk Characterization for Chemical Carcinogens 

The risk amibuted to exposure to chemical carcinogens is estimated as the probability of an individual developing 

cancer over a lifetime as a result of exposure to a potential carcinogen. At low doses, the risk of developing cancer 

is estimated as follows (EPA 1989a): 

Risk = (CDI)(SF) 

where: 

IS 

16 

17 18 

19 

20 

Risk = risk of cancer incidence, expressed as a unitless probability, 21 

CDI = chronic daily intake averaged over 70 years (mg/kg-day), and 22 

SF = slope factor (mg/kg-dayx'. - 23 

Risk Characterization for Radionuclide Carcinogens 

24 

25 

e Risk characterization for internal exposures to radionuclides (intake via inhalation or ingestion) is calculated as 

follows: 21 808125 _. 

J A ~ U 2 F S 6 E C I 2 0 U 2  04/15/94 14:23 
C.2- 18 
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where: 

Risk 

I 

SF 

Risk = (I)(SF) 

risk of cancer incidence, expressed as a unitless probability, 

lifetime radionuclide intake (pCi), and 

- - 

- - 

- - slope factor (pCiV. 

The slope factor is either a HEAST @PA 1993b) value for a particular radionuclide or the sum of the HEAST (EPA 

1993b) slope factors for that radionuclide and its short-lived progeny to account for ingrowth during storage and/or 

environmental transport. 

Risk characterization for external exposure to gamma-emitting radionuclides in contaminated surface soil is calculated 

;Is follows: 

where: 

Risk 

cs 

SF 

ED 

MF 

= risk of cancer incidence, expressed as a unitless probability 

= radionuclide soil concentration (pCi/g) 

= radionuclide slope factor (risk& per pCi/g) 

= exposure duration (yr) 

= modifying factor, fraction of year exposed (unitless) 

Risk Characterization for Noncarcinogens 

The risk associated with exposure to noncarcinogenic hazardous COCs was evaluated by comparing an exposure level 

or intake to a subchronic reference dose (IUD). It is recognized that this methodology for assessing the human health 

effect for noncarcinogens does not give a measure of risk as is calculated for the carcinogens. Even so. for 

convenience the term "risk" will continue to be used when discussing these evaluations. The ratio of intake EUD 
i 

for a single contaminant is the HQ and is defined as (EPA 1989a): 

JACXRUZFSSECTZOU2 04/15/94 14:23 
C.2-19 
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2 
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5 
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7 

8 
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IO 

12 I I  

13 

14 15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 



where: 

HQ 

I 

RfD 

HQ = I/RfD 

- - hazard quotient (unitless). 

- - 

- - reference dose (mg/kg/day). 

intake of a chemical (mg/kg/day), and 
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When using this equation to estimate potential noncarcinogenic risk, the intake and RfD must be for exposures of 

equivalent duration (e.g., subchronic. chronic. or fewer than two weeks). For this Feasibility Study, COC exposures 

have been evaluated in all cases on a chronic basis. using chronic RfD values. Analogous to cancer risks. dermal 

noncancer risks were assessed using absorbed dose rather than intake. 

In the case of simultaneous exposure of a receptor to several chemicals, an HI was calculated as the sum of the HQs 

by: 

HI = lJRfD, + I,JRfD2 + ...LjRfD; 

where: . 

Ii - - intake for the i" toliicant, and 

RfDi = reference dose for the i" toxicant. 

An HI is an indicator of the potential for adverse effects associated with exposures to all noncarcinogenic COCs 

simultaneously. In effect, HIS assume dose additivity for all COCs (EPA 1989a). 

C.2.2.2 Short-Term Risk 

Short term risk. associated with implementation of the alternatives. is due either to transportation and/or construction 

activities or to contact with contaminated media. 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

a 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

a 
27 
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C.2.2.2.1 Transuortation Risks. a 1 

Pion-COC risks arise from physical injury via transportation of contaminated wastes during construction activities. 3 

Transportation receptors are personnel involved in transporting the waste by truck or rail to the Nevada Test Site 0 

(NTS) and to members of the public along the transportation route. Construction receptors are remedial workers 5 

directly involved with construction activities and movement of large volumes of waste. 6 

7 

Accidental injuries and fatalities may occur during the shipment of material to designated disposal facilities. These 8 

types of potential risk are termed transportation risks. Transportation risks associated with subunit - during the 

hauling of material in and out of areas within Operable Unit 2 - specific remedial alternatives are evaluated for the 

Active Flyash Pile, the South Field, the Inactive Flyash Pile, the Solid Waste Landfill. and the Lime Sludge Ponds 

in Sections C.3.3.1, C.4.3.1, C.5.3.1. C.6.3.1, and C.7.3.1, respectively. 

9 

10 

11 

12 

13 

a Transportation risk is calculated using the following equation: 

Risk = (N)(RC)(CF) 

where: 

Risk = 

N - - number of round trips made 

risk of injury or fatality expressed as a unitless probability 

CF = mileage per round trip 

RC = injury or fatality risk coefficient (riskjmile) 

14 

15 

16 

17 

18 

19 

20 

21 

22 

The risk coefficients presented below are used to evaluate nonradiological risks to truck drivers and ra~I crews and 23 

are from the RAWPA (DOE 1992a). It is important to note that the risk coefficients for truck and rail transport are 24 

not strictly comparable, since far more waste is transported per mile of rail transport than per mile of truck transport. . zs 

Rail 26 - Truck - 

lAC\CRUZFSSE<JIT.OU2 04/15/94: 14:23 
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- injury/mile 4. 

- deatwmile 2. 

E-08 4.6E-06 

E-09 4.6E-08 

Transportation of radioactive wastes via uuck and train places the general public at risk. Such risks can be of three 

types: 1) physical risks associated with accidents: 2) risks associated with potential exposures to radioactive wastes 

when sharing transportation routes with trucks or trains: 3) risks arising from potential exposures that may occur with 

accidents. Physical risks are calculated using the equation identified for estimation of transportation risk to truck 

and nil personnel directly involved in transportation of contaminated waste. Risk coefficients for truck and rail 

transport are not smctly comparable. since far more waste is transported per mile of rail transport than per mile of 

truck transport. The risk coefficients presented below are from the RAWPA (DOE. 1992a). 

Truck - 

- injury/mile 1.2E-07 6.8E-06 

- deatwmile 1.3E-07 1.8E-06 

(2.2.2.2.2 Construction Risks. 

Accidental injuries and fatalities may occur during any remediai activity that involves construction. For the purpose 

of this risk evaluation, construction activities are assumed to include all tasks associated with construction of disposal 

cells as well as activities involving large-scale movement of soil or waste. These are highly conservative 

assumptions and are most useful as a measure of relative risk associated with an alternative: rather than as a measure 

of actual risk to a remedial worker. Although on-site disposal alternatives include construction of the on-property 

disposal cell. while off-property disposal alternatives utilize existing and future disposal capacity at the NTS or a 

permitted commercial facility each involve tasks defined as a construction activity and can be used to compare 

overall risk associated with each alternative. Construction activities associated with the subunit specific Operable 

JA(lCRU2FSECKLOU2: 04/15/94 14:23 
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Unit 2 remedial alternatives are described for the Active Flyash Pile in C.3.3.1. for the South Field in Section 1 

. C.4.3.1. for the Inactive Flyash Pile in Section C.5.3.1. for the Solid Waste Landfill in Section C.6.3.1. and for the 2 

Lime Sludge Ponds in Section C.7.3.1. 

Construction risks are calculated using the following equation: 

Risk = (PH)(RC) 

where: 

Risk = 

PH = person-hours of construction work 

RC = injury or fatality risk coefficient (risWperson hours) 

risk of injury or fatality expressed as a probability 

The following risk coefficients from the RAWPA (DOE 1992a) are used to estimate the injuries and fatalities that 

0 may be associated with construction activities: 

- injury/manhour 3.40E-05 

- farality/manhour 5 .WE47 

C.2.2.2.3 COC Risk 

The purpose of the assessment of COC short-term risk is to estimate the possible COC risk to nonremedial workers 

who are not protected by personal protective equipment or by protective measures required by the Health and Safety 

Plan, and to members of the public. The results of the short-term COC risk assessment provide a means of 

comparing the various remedial alternatives under consideration with regard to potential risk posed to nonremedial 

workers and to members of the public due to contact with COCs while remedial activities are ongoing. The process 

uses information developed during the site investigation. the RI baseline risk assessment, remedial technology 

screening, and alternative development process- to: 

3 

4 

5 

6 

7 

8 

9 

10 

I I  
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27 
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determine the COCs to which receptors may be exposed during alternative implementation; 

assess the potential for and the magnitude of contaminant transport from Operable Unit 2 sources 

to potential human exposure points during implementation; 

quantify potential short-term exposures to receptors under different engineering alternative scenarios: 

and. 

characterize the nature and magnitude of potential short-term risks associated with the different 

proposed remedial alternatives for the subunits of Operable Unit 2. 

COC short-term risk is assessed following the methodology described in Section C.2.2.1. For the evaluation of short-' 

term risk. receptors of concern are the trespassing youth and non-remedial worker and an off-property farmer. Table 

C.2-l(a) outlines the exposure scenarios for the estimation of short-term risk. Intake equations used to estimate risks 

during implementation of the remedial alternatives are described in the Baseline Risk Assessment and, exposure 

parameters and values are given in Table C.2-2(a). 

Table C.2-3 summarizes the general procedure for identifying exposure point concenmtions for this short-term risk 

evaluation. Exposure point concenrntions used to estimate intake are generally the 95% Upper Confidence Limit 

(UCL) of COC concentration for the most highly contaminated material within each subunit. Speclfic COC 

concentrations in soil or material addressed by alternatives for each subunit are summarked in the subunit-specific 

sections. 

C.2.2.3 Long-Tern Risk 

O O O P 3 1  
The purpose of the assessment of long-term human health risk is to ascertain possible risk due to COC concentrations 

remaining at each remediated subunit after remedial action has been completed In addition. health risks associated 

2 
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with COCs migrating from treatment or containment based alternatives to groundwater are also evaluated to assess 1 

long-term protectiveness of alternatives. The results of the long-term human health COC risk assessment provide 2 

a means of comparing the various remedial alternatives with regard to potential risk posed to identified receptors after 3 

remedial action has taken place. These results also convey the effectiveness of containment-based remedies at 4 

mitigating risk. 5 

The baseline risk assessment in the RI report presented risk information for a range of receptors under current and 

future land use scenarios. Land use assumptions and receptors were defined to provide managers with a range of 

necessary information to support informed decisions in establishing proposed remediation levels. For the evaluation 

of long-term risk. receptors of concern are the future expanded trespasser. future off-property farmer and a future 

on-propem farmer. These receptors and the pathways via which they would be exposed to COCs are summarized 

in Table C.2-l(b). Intake equations used to estimate risks after remedial action is completed are described fully in 

the baseline risk assessment and. parameter values are summarized in Table C.2-2(b). a 
Exposure point concentrations used to estimate intake are PRGs calculated based on the results of the baseline risk 

assessment of the RI as described in Section C.2.1.2. This is based on the assumption that all alternatives under 

consideration are designed to achieve the PRGs. Thus. COC concentrations remaining within each subunit will be 

no greater than, or less than PRGs. PRG concentrations are used to model the amount of particulate matter 

resuspended into air for the Active Flyash Pile, Inactive Flyash Pile and South Field. These results reflect 

characteristics inherent to each land use scenario. Future land use with continued federal ownership assumes 85 

percent vegetative cover: future land use without federal ownership assumes 50 percent vegetative cover. 

6 
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I 

C.3.0 ACTIVE FLYASH PILE 

& 

C.3.1 SLMMARY OF BASELINE RISK ASSESSMENT c 

Risk and hazard associated with the Active Flyash Pile for receptors assuming future land-use are summarized in 

Section 1.7.3 of the FS report The largest risks for all receptors are from direct contact with soil. or surface flyash 5 

material assuming future land use. 

.. .. Total estimared baseline risks to the future expanded trespasser slightly exceed the 1 X 10" level due mostly to the 

. -  . -  estimated presence of beryllium in flyash rnatenal which accounted for 87% of the total risk to this receptor. Total 

.. . .  .. estimated risk to the future off-property farmer slightly exceeded the 1.OE-06 level due mostly to direct exposure 

to the estimated future concentration of U-234 and U-238 in groundwater which accounted for approximately 65% . .  .- 

. i  of total risk to this receptor. The estimated presence of arsenic in flyash material deposited on homegrown produce 

accounted for another 12% of total risk to this receptor. Total estimated risk to the future RMX on-property farmer 

.. 

.. .. 

. _  exceeded 1.0E-03 due to RA-228 and TH-228 in surface material: and. to h e  presence of U-234 and U-238 in 

. .  groundwater. 

-> Concern is greatest for the potential exposures to groundwater, since many COCs in surface material are present at - 

-. -. levels equivalent to background. Because of this. RAOs for this subunit emphasize the protection of groundwater. 

.- - 
All CPCs associated with a risk of greater than 1.OE-06 or an HI of greater than 0.2 for any receptor are considered 2 

to be COCs from the baseline risk assessment Mitigation of risks attributable to these COCs is a general RAO for 24 

the remedial alternatives evaluated PRGs are derived for the future on-property farmer. future off-property farmer. 2 

and, an expanded trespasser. Table C.3-1 summarizes the COCs and PRGs determined for these three future 26 

- 0 receptors for the Active Flyash Pile. -I 

JAOCRUZFSJAHSECl3.OU2: 04/15W. 12:41 c.3- I 000x33 
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For assessing short term and long-term risk. potential exposures to all CPCs are evaluated. For assessing long-term I 

risks potential risks due only to identified COCs are addressed. For assessing long-term risk due to groundwater 2 

exposure. only U-234. U-235/236 and U-238 are addressed. 3 

C,3.2 REMEDIAL ALTERNATIVES 5 

6 

The remedial action alternatives considered for the Active Flyash Pile (AFP). along with the No Action Alternative. 7 

are summarized in Table C.3-2. Tasks associated with construction. uansportaaon and COC exposure have been 8 

evaluated for each of the alternatives. 9 

10 

Physical hazards and short-term COC exposures associated with excavation of flyash exist in al l  four alternatives. 11 

AFT2 through AFP5. Three of the alternatives include excavation of the flyash. This excavated flyash is disposed 12 

of off-site in one alternative, disposed of on-site without treatment in one alternative and stabilized before on-site 13 

disposal in one alternative. Only AFP5 calls for in-situ containment of the flyash. 14 

15 

The remaining contaminated material is also associated with physical hazards and short-term COC exposure. Three 16 

alternatives require excavation of the contaminated material which may be contacted by receptors. Only one 17 

alternative, AFp2, includes off-site disposal of the excavated contaminated material. Two alternatives require on-site 18 

disposal, while only AFP5 calls for in-situ containment of the contaminated material. 19 

20 

A detailed summary of alternatives AFP2 through A F P S  listing individual tasks, COC exposure potential and labor 

hours required to complete individual construction tasks can be found in Tables C.3-3 through C.3-5 (Attachment 

21 

22 

I). For ease of reference these tables are collected in Attachment I to this appendix. The detailed information 23 

contained in these tables is used to estimate the short-term risk associated with alternative implementation. 24 

JAC\CRUZFSUAH'SECI3.OU2: 04/15/94: 12:4 1 C.3-2 
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TABLE C 3 - 2  

ACTIVE FLYASH PILE ALTERNATIVES 

AFPl No'Action 

AFP2 Off-site Disposal 

AFP3 On-site Disposal 

AFP4 On-site Disposal with Flyash 
Stabilization 

AFP5 ConsolidatiodContainment 

(B()0%3G 
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None 

Excavate contaminated material 
Excavate flyash 
Transportation 
Off-site disposal of contaminated material 
Off-site disposal of flyash 

Excavate contaminated material 
Excavate flyash 
Off-site disposal of contaminated material 
Off-site disposal of flyash 

Excavate contaminated material 
Excavate flyash 
Treat contaminated material 
Treat flyash 
On-site disposal of Contaminated material 
On-site disposal of flyash 

In-situ containment of contaminated material 
In-situ containment of flyash 
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C.3.3 SHORT-TERM RISK 

C.3.3.1 COC Risks. 

Table C.3-7 summarizes the COCs and their concentrations in the material addressed by the alternatives developed 

for the Active Flyash Pile. For determining short-term risks it is assumed that receptors are exposed to the most 

highly contaminated material for the entire exposure duration identified for that alternative. This .is a very highly 

conservative assumption. This is because the durations of exposure to the most highly contaminated material will 

most likely not differ substantially among alternatives, since its volume is the same. Yet. the risk calculations 

assume that the concentration of COCs in all removed material is the same. 

Table C.3-8(a), (b) and (c) summarize the short-term risk potentially experienced by a trespassing youth, a 

nonremedial worker, and an off-property farmer during implementation of the alternatives. For comparison, the 

short-term risk that would result if the COCs identified were present in the Active Flyash Pile at background a . 

concentrations is provided. Total short term risk associated with remedial alternatives for the AFP are 7.8E-06,1.7E- 

06 and 8.7E-06 due primarily to the estimated beryllium concenUation is surface soil. Total hazard index to the 

trespassing youth and non-remedial worker is less than 1.0. It is evident that all alternatives are associated with 

roughly the same degree of short- term risk to the trespassing youth, the nonremedial worker, and the off-property 

farmer: and, that the risk is perhaps an order of magnitude greater than background for all receptors for most 

alternatives. 

C.3.3.2 TransDomion/Construction 

Table C.3-9 summarizes the total injuries and fatalities (for all workers) estimated per completed construction and 

construction related task for each of the remedial alternatives. In general total construction injuries were 3.OE+OO 
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and total construction fatalities were approximately 4.OE+00. There is very Little difference among the alternatives 26 

.. r 2  
27 

' *, c .. . 
a in the risk of injury or fatality. 
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CONCENTRATION OF COCs IN EXCAVATED MATERIAL 

ACTIVE FLYASH PILE (pcilg; mg/kg)* 
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Contaminants 
of Concern 

NP-237 
RA-226 
RA-228 
TH-228 
U-234 
U-2351236 
U-238 

Arsenic 
Beryllium 

AFP2/AFP3/AFP4/AFPS 
ontaminated Ash Material 

4.OE41 
4.6E+OO 

3.89E +00 
3.OE+OO 
1.2E+01 
3.4E+OO 
9.7E+OO 

* Concentrations are the 95 96 UCL estimated for the most highly 
contaminated material. They are used to estimate short-term 
risks to non-remedial workers, trespassers and off-property 
farmers during remedial action implementation. 

. .  . . I .., . 
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a Tables C.3-10(a) and C.3- 10(b) summarize the risk of fatalities during transportation activities by uain or truck to 1 

occupational or public sector receptors. respectively. Truck transportation injuries are 3.1E-04 for AFP3, AFP4 and 2 

AFPS and 2.9E-03 for AFP2. Fatalities associated with truck transportation were 1.6E-05 for AFP3. AFP4 and A F P S  - 3 

and 1.5E-04 for AFp2. Risk was greater for the off-site disposal option (AFP2) due to the magnitude of the waste 4 

volume transported to the Nevada Test Site and other off-site facilities. Train transportation injuries and fatalities 5 

associated with AFP2 were 6.8E-01 and 6.8E-03 respectively. Public sector Uain injuries and fatalities were l.OE+OO 6 

and 2.E-01 respectively. 1 

a 

C.3.4 Long-Term Risk 9 

10 

For the AFP, two types of soil were identified after implementation of AFP alternatives. Both exposed till and I 1  

exposed GMA soil concentrations were modelled separately. The results of this modelling effort were summed to 12 

determine a representative air concentration and deposition rate for thesubunit. Residual risk calculations were based 13 

on the assumption that future exposed soil concentrations would be reflective of the highest soil concentration of any 14 

soil type identified within the subunit. This results in a conservative estimate of risk that is likely to be an 15 

a 
overestimation of risk. 16 

17 

For ease of reference all risk assessment results are collected in Attachment I1 to this Appendix. Summary tables ia  

are included here in the text. Residual risk was estimated for all alternatives. Table C.3-11 (Attachment 11) 19 

summarizes the residual risk and hazard to the future expanded trespasser exposed to surface soil. Residual risks 

to the expanded trespasser from exposed surface soil COCs under the consolidationkontahment alternative ( A F P S )  

and on-site disposal is approximately 1.5E-05. Dermal contact to arsenic and external radiation exposure to TH-228 

20 

21 

22 

were the major contributors to this risk. The hazard index is less than 1.0. It is important to emphasize that these 23 

numbers are associated with uncertainties involved with calculating risk, e.g., the conservative methods used in 

developing slope factors that describe the relative potency of a chemical. 

24 

2s 

26 
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TABLE C.3-10(a) 

- Task 
ExcavateAodtransport waste 

ACTIVE FLYASH PILE 
TRANSPORTATION RISKS ASSOCIATED WITH REMEDIAL ALTERNATIVES 

(Occupational Exposure) 

AFp2 AFP3 AFP4 AFPS 
8.3E-03 3.5E-02 3.4E-02 3.SE-02 

Total Injuries 8.33-03 I 3.53421 3.43-021 3.5E-02 

ExcavateAoadtransport waste 1.8E-031 1.8E-031 1.8E-031 

- Task 
Excavatelloadtransport waste 

I I I I 

Total Fatalities I 4.33-041 1.8E-031 1.8E-031 1.8E-03 

- AFp2 AFP3 AFP4 AFPS 
6.8E-03 NA NA NA 

CONTAMINATED WASTE MATERIAL 
TRANSPORTATION RISWTRAIN 1 

I I ExcavateAodtransport waste 

ITotal Injuries I 6.8E-011 O.OE+OOI O.OE+OOI O.OE+OO 

I I I I 

Total Injuries I 6.8E-031 O.OE+OO( O.OE+OOI O.OE+OO 

NA = Not Applicable 

800f4.4 
, : .  

. > . ' - ,  . I . '  
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550 4 * 

Task AFp2 AFP3 m 4  
Excavate/load/transport waste l.OE+OO NA NA 

TABLE C.3-10(b) . 

ACTIVE FLYASH PILE 
TRANSPORTATION RISKS ASSOCIATED WlTH REMEDIAL ALTERNATIVES 

(Public Sector) 

A F P S  
NA 

CONTAMINATED WASTE 1’ 
T l 2  A N C D n R T A T l n N  RICK 

MATERIAL 

Excavate/load/transport waste I 2.48421 1.OE-011 l.OE-011 
I 1 

Total Injuries I 2.43-021 1.OE-011 1.OE-011 1.OE-01 

. FATALITIES 
- Task I A F p ; ! I  - A F P 3 I  AFP4 I AFPS 

* lEa2 I I bcavate/load/transport waste I . 2.6E-031 l.lE-021 1.1E-021 
I I I I 

Total Fatalities I 2.63-031 l.lE-021 1.1E-021 l.lE-02 

I I I I 
Total Injuries I l.OE+OO( O.OE+OOI O.OE+OO( O.OE+OO 

IExcavate/load/transport waste I 2.7E-011 NA I NA I NA I 
1 I I I 

Total Injuries 1 2.7E-011 O.OE+OO( O.OE+OO( O.OE+OO 

NA = Not Applicable 

FER\CRU2FSUAH\-.XU; 4/15/94; 9:04 AM 
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Tables C.3.1.2(a). (b) and (c) (Attachment 11) summarize risk to the off-property fanner after subunit remediation. 

Total residual risk to this receptor across all soil and groundwater pathways is 4.1E-06 under AFp2 and 4.2E-06 

under AFP5. For AFP2. arsenic exposures via air resulted in risks of 4.OE-06. Inhalation of arsenic under AFP% 

resulted in a risk of 2.9E-06. Total hazard index is less than 1.0. 

Table C.3-13(a) and (b) summarizes the long-term risks associated with a l l  receptors for all alternatives. 

a 
2 

3 

1 

S '  

6 
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TABLE C3-13(b) 
ACTIVE FLYASH PILE 

SUMMARY OF LONG-TERM RISKS ANTI HAZARDS 
&-Site Disposal 

Medium Parameter 
Soil NP-237 

RA-226 
RA-228 
TH-228 
TH-232 
u-234 
U-239236 
U-238 

Arsenic 
Homegrown NP-237 
Produce RA-226 
m s t  RA-228 
Affected) TH-228 

U-235I236. 
u-23 8 

Arsenic 
BeeflMilk NP-237 
ma RA-226 
Affected) RA-228 

TH-228 
u-23s 
U-238 

h n i C  

Alterna 

Expanded 
Trespasser 

Carcinogen Non-carcinogen 
9.9E-07 
3.1E-06 
1.2E-06 
4.48-06 
1.3E-09 
l.lE-09 
l . lE-08 
1.9E-08 

5.6E-06 5 . O E M  
NIA 
NlA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

VP 314 

Off-Property 
Farmer 

Corcinogcn Non-carcinogcn 
1.9E-10 
1.4E-10 
2.7251 1 
6.0E-09 
3.3E-09 
1.5E-09 
1.2E-09 
1.4E-08 

4.0E-06 
6.4E-12 
2.SE-11 
1 . z - 1 1  
1.9E-11 
3.8E-11 
5.8E-12 

2.0E-09 3.9E-0( 
3 . z - 1 4  
4.1 E-12 
2 . z - 1 2  
4.8E-09 
1.4E-08 
1.9E-09 

3.6E-10 6 .9E4 
4.1E-06 4.6E-06 

650 4 

1 m 5  4.23-02  TOTAL 
Numbers in italics represent risk calculations for contaminants not identified as COCs. 
NIA=Not Applicable 

JAC\CRUZFS\ABQ\FS_SLTM\AFP_SUM.XIS: 4/15/94: 2 3 3  Ph4 
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TABLE CJ-Wa) 
ACTIVE FLYASH PILE 

SUMMARY OF LONGTERM RISKS AND HAZARDS 
Consolidation/Containment 

Medium Parameter - -  
Soil NP-237 

RA-226 
RA-228 , 

TH-228 
TH-232 
u-234 
U-239236 
U-23 8 

Arsenic 
Homegrown NP-237 
Produce RA-226 
ma RA-228 
A f f d )  TH-228 

U-239236 
U-23 8 

Arsenic 
Beemilk NP-237 
ma RA-226 
Affected) RA-228 

TH-228 
u-235 
U-23 8 

Arsenic 
TOTAL 
Numbem in italics represer 
NIA=Not Applicable 

Alter 

Expanded 
Trespasser 

slrcinogm Non-carcinogen 
9.9847 
3.1E-06 
1.2E-06 
4.4E-06 
1.2E-09 
1 .OE-09 
l .lE-08 
1.9E-08 

4.6E-06 5.OE-O: 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 

1.4E-05 4.2Eo; 

tive 5 

Off-Property 
Farmer 

Carcinogen Non-carcinogen 
1.4E-10 
1.lE-IO 
2.lE-11 
4.8E-09 
2.5E-09 
1.2EO9 
l.OE-09 
1.4E-08 

2.9E-06 
4 . Z - 1 2  
2. OE-I I 
1.3E-11 
I.5E-11 
3.8E-11 
4.6E-12 

1 SE-09 2.9E-06 
2 . Z - 1 4  
3.2E-12 
2.lE-I 2 
4. 8E-09 
1.4E-08 
1.9E-09 

2.7E-10 5.1E-07 
4.13-06 3.43-06 
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C.4.0 SOUTH FIELD 

C.4.1 SUMMARY OF BASELINE RISK ASSESSMENT 

Risk and hazard associated with the South Field for receptors assuming future land-use are summarized in Section 

1.7.3 of the FS report. The largest risks for all receptors are the risks from direct contact with soil containing 

naturally occurring RA-228 and TH-228; naturally occurring and site-related U-234 and U-238 and some organic 

compounds (e.g., benzo(a)pyrene. Aroclor- 1254. and Aroclor- 1260). 

Risks exceeding 1.OE-06 were indicated for the future expanded trespasser exposed to one or more of the following 

radionuclides in soil: NP-237. RA-226. RA-228. and/or TH-228. Also. risks exceeding 1.OE-06 were indicated for 

all  future receptors exposed to groundwater: to homegrown produce (irrigated with contaminated groundwater and 
a 

receiving airborne particulates); and to beef and milk (from livestock watered with contaminated groundwater and 

which eat contaminated feed and forage). Nearly all radiological risk is due to the estimated presence of NP-237. 

U-234, U-2351236 and U-238 in groundwater, which is not only directly contacted by these receptors but which also 

contaminates homegrown produce and Livestock food products which is then ingested by receptors. 

Concern is greatest for the potential direct exposure of an on-property farmer to soil contaminated with U234 and 

U238, and for potential exposures to groundwater contaminated with U-234, U-235236 and U-238. Because of this. 

RAOs for this subunit emphasize both the removal of soil contaminated with uranium isotopes that may be directly 

contacted by receptors and the protection of groundwater. 

All CPCs associated with a risk of greater than 1.OE-06 or an HI of greater than 0.2 for any receptor are considered 

to beCOCs. Mitigation of risks attributable to these COCs is a general RAO for the remedial alternatives involved. 

G G O 2 6  9 
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derived for the future on-property farmer, future off-property farmer and an expanded trespasser. Table 

C.4-1.1 summarizes the COCs and PRGs for future South Field receptors. For assissing short term and long term 

risk potential expsoures to all CPCs are eveaiuated. For assissing long term risks, the potential risks due only to 

identified COCs are evaluated. Long term risks are addressed and shown in Table C.4-20. 

C.4.2 REMEDIAL ALTERNATIVES 

The action alternatives considered for the South Field, along with the No Action Alternative. are summarized in 

Table C.4-2. Tasks associated with, transportation of contaminated waste material for off-site disposal and, COC 

exposures have been evaluated for each of the alternatives. 

Physical hazards and short-term COC exposure associated with excavation of contaminated waste material exists for 

all six remedial alternatives, SF2 through SF7. All alternatives include excavation of the contaminated material. 

Off-site disposal of this excavated contaminated material is one alternative, on-site disposal without treatment is an 

additional alternative and three alternatives require treatment before on-site disposal. The three treatment options - 

- Vitrification, solidification. and soil washing -- all require some form of additional soil handling which may result 

in larger volumes of waste materials becoming resuspended and may increase the severity of short-term COC 

exposure. Vitrification and solidification have similar construction and soil handling procedures. Soil washing 

involves more soil handling and a greater opportunity for COC exposure through by-product handling. Only SF7 

calls for in-situ containment of the material. 

RCRA waste handling dso presents physical hazards and chemical exposure potentials. All six action alternatives 

include excavation and off-site disposed of this material. 

A detailed summary of alternatives SF2 through SF9 listing individual tasks, COC exposure potential and labor h o w  

required to complete individual consuuction tasks can be found in Tables C.4-3 through C.4-8 (Attachment I). For 
()CQLZB 
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& e k e  . t d  $)rgerence --B w these tables are presented as Attachment I to this appendix. The detailed information contained a 
in these tables is used to estimate the short-term risk associated with alternative implementation. 2 

3 

C.4.3 SHORT-TERM RISK 

C.4.3.1 COC Risks. 

4 

5 

6 

7 

Table C.4-12 summarizes the COCs and their concentrations in the material addressed by the alternatives developed 8 

for the South Field For determining short term risks it is assumed that receptors are exposed to the most highly 

contaminated material for the entire exposure duration identified for that alternative. This is a very highly 

conservative assumption. 11 

9 

IO 

12 

Tables C.4-13(a), (b) and (c) summarize the short term risks associated with the trespassing youth, the non-remedial 

worker and the off-property farmer during remedial alternative implementation. The short term risks that would exist 

if the identified COCs were present in the South Field at background concentrations is presented for comparison. 

Total short term risks associated with the remedial alternatives for South Field are 1.2E-05.3.2E-06 and 2.5E-06 for 

the trespassing youth, 1.5E-05.4.OE-06 and 3.1E-06 and for the noneremedial worker 2.2E-05.5.9E-06 and 4.6E-06. 

For the off-property farmer short term risks are 2.2E-05, 5.9E-06 and 4.6E-06. Total hazard index to all receptors 

is less than 1.0. It is evident that little difference exists among the alternatives regardless of the receptor. 

C.4.3.2 Transportation/Constction 

Table C.4-14 summarizes the total injuries and fatalities for all workers estimated per construction task for each of 

the remedial alternatives. Truck transportation injuries and fatalities associated with on-site disposa; activities range 

from 3.5E-06 to 3.5E-05 and 1.3E-06 to 1.2E-05 respectively. For off-site disposal activities risks range from 3.5E- 

05 to 1.E-01 and 1.8E-06 and 1.3E-03 respectively. Train lransportation injuries and fatalities associated with off- 

site disposal alternative ranged from 1.5E-01 to 8.6E-01 to 8.6E-04 to 1.5E-01 respectively. SF2 transportation risks 

JACUXU2FSJAHSEC.OU2; 04/15/94 13:46 
. I  

(-Jooaz&.. c.4-3 

15 16 

17 

18 19 

20 

21 

22 

23 

'A 

21 



FEW-OU02-4-DRAFT 
April 29, 1994 

TABLE C.4-2 

SOUTH FIELD ALTERNATIVES 

SFI No Action 

SF2 Off-site disposal 

SF3 On-site Disposal 

SF4 Vitrification and on-site 
disposal 

SF5 Solidification and on-site 
disposal of solid waste 

SF6 Soil washing of LLW and 
on-site disposal 

SF7 In-situ containment 

None 

Excavate contaminated material 
Excavate RCRA waste 
Transportation 
Off-site disposal of contaminated material 
Off-site disposal of RCRA waste 

Excavate contaminated material 
Excavate RCRA waste 
Transportation 
On-site disposal of contaminated material 
On-site disposal of RCRA waste 

~~ 

Excavate contaminated material 
Excavate RCRA waste 
Treat contaminated material 
On-site disposal of treated contaminated 
material 
Off-site disposal of RCRA waste 

Excavate contaminated material 
Excavate RCRA waste 
Treat contaminated material 
Transportation 
On-site disposal of contaminated material 
Off-site disposal of RCRA waste 

Excavate contaminated material 
Excavate RCRA waste 
Transportation 
Treat contaminated material 
Off-site disposal of RCRA waste 

Consolidation of contaminated material 
In-situ containment of contaminated material 

JAC\CRU2FS\TAOCS318.W5: 04/15/94: 210 
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TABLE C.4-12 
CONCENTRATION OF COCs IN EXCAVATED MATERIAL 

SOUTH FIELD (pCi/g; mg/kg)* 

Contaminants 
of Concern 

CS- 137 
NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
u-234 
U-23 51236 
U-238 

Arsenic 
Beryllium 
Chromium 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Dibenzo(a, h)anthracene 
Indene( 1,2,3-cd)pyrene 
Aroclor- 1254 
Aroclor-1260 - 
Dieldrin 

S F 2 l ~ l S F 4 l S F S l S F 6 l ~  
Contaminated Fill Material 

0.692 

. 0.369 
9.21 

3.74 

13.4 

13.8 

78.3 

4.05 

82.7 

6.975 

0.88 
18.008 

1.1 

1.8 

1.6 
1.6 

0.44 

0.62 

0.43 

0.038 
0.097 

* Concentrations are the 95 46 UCL estimated for the most highly contamina 
They are used to estimate short-term risks to non-remedial workers, tresp 

off-property farmers during remedial action implementation. 
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SF4 
3.3E-01 

9.8E-01 

2.0E-01 

1.6E-01 

2.7E-01 

NA 

- 

0 
TABLE C.4-14 
SOUTH FIELD 

CONSTRUCTION RISK ASSOCIATED WITH REMEDIAL ALTERNATIVES 

- SFS 
3.3E-01 

9.8E-01 

2.0E-01 

1.6E-01 

2.7E-01 

NA 

INJU 
- Task 

Mobilization and site preparation 3.3E-01 

3.7E+OO 

7.3E-01 

1.6E-01 

NA 

NA 

Excavatedlodtranqort waste 

3.3E-0 

9.8E-0 

2.0E-0 

1.6E-0 

2.7E-0 

NA 

Site restoration 

NA I 2.5E-0 

Demobilization 

8.9E-021 8.98-02 

Construct disposal cell 

- SF5 
4.8843 

1.4E-02 

3.OE-03 

2.4E-03 

4.0E-03 

construct slurry wall 

__ SF6 - SF7 
4.88-03 4.88-03 

1.4E-02 8.4E-03 

3.0E-03 8.8E-04 

2.48-03 2.4843 

NA NA 

Cap disposal cell 
Total Injuries 

- sF2 
4.88-03 

5.48-02 

l.lE-02 

'2.48-03 

NA 

NA 

FATAl 
Task 

Mobilization and site preparation 

LLW transferred to staging area 

Excavatenodtransport waste 

Site restoration 

Demobilization 

Construct disposal cell 

Cap disposal cell 
Total Fatalities 
NA=Not Applicable 

SF3 
4.8843 

1.4E-02 

3.0E-03 

2.48-03 

4.0E-03 

N A  

[ON TA! 
SF4 

4.8E-03 

1.4E-02 

3.0E-03 

2.48-03 

4.0E-03 

NA 

1.3E-03 
3.0E-02 

SFC 
3.3E-01 

9.8E-01 

2.0E-01 

1.6E-01 

NA 

NA 

NA 
1.7E+O( 

- SF; 
3.3E-01 

5.7E-01 

6.OE-0; 

I .6E-01 

- 

NA 

NA 

6.5E-01 
1.8E+O( 

NA I NA I NA I 
NA 1.3E-031 9.68631 

3.OE-02 25E-02 2.6E-02 

JAc\CRU2FSUAH\TRSF~O.)(Ls; 4IlSIW. 906 AM 
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SF4 - SF5 __ SF6 - SF2 - SF3 - 
Excavate/Load/Transport Waste 3.5E-05 3.5E-05 3.5E-05 3.5845 3.5E-05 

Total Injury 353-05 3SE-05 353-05 353-05 35E-05 

TABLE C.4-15 (a) 
SOUTH FIELD 

TRUCK TRANSPORTATION RISK ASSOCIATED WITH REMEDIAL ALTERNATIVES 
(Occupational Exposure) 

SF7 
3.5E-05 
- 

35E-05 

CONTAMINATED WASTE MATERIAL 

ExcavatelLoadJTransport Waste 

ExcavatelLoadlTransport Waste 

SF2 - SF3 - SF4 SF5 - Task - 
ExcavatelLoadlTransport Waste 1.8E-06 1.8E-06 1.8E-06 1.8E-06 

Total Fatalities -1.8E-06 1.8E-06 1.8E-06 1.8E-06 

SF7 
1.8E-06 1.8E-06 

- __ SF6 

1.8E-06 1.8E-06 

SF2 - SF3 - SF4 - SF5 &k - 
ExcavateILoadlTransport Was& 1.5E+01 NA NA NA 

Total Transportation Injury 15E+01 O.OE+OO O.OE+OO O.OE+OO 

SF6 - SF7 
NA N A  

O.OE+OO O.OE+OO 

- 
FATALITIESlCOMPLETED TASK FOR ALL WORKERS 

SF4 - SFS __ SF6 - SF7 Task - sF2 - SF3 - 
ExcavatelLoadlTransport Waste 1.5E-01 NA NA NA NA NA 

Total Transportation Fatalities 15E-01 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

JAC\CRUZFSUAH\TRSF_O.XLS; 4/15/94; 93% AM 
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Excavate/Load/Tramport Waste 

TABLE C.4-15(a) 
(continued) 

NA NA NA NA 3.6E-05 NA 

I 

Total Transportation Injury I O.OE+OOI O.OE+001 O.OE+OO( O.OE+OO( 7.OE-041 O.OE+O 

I 1 I I 1 I 

Total Transportation Fatalities 
NA=Not Applicable 

I O.OE+OO( O.OE+OOI O.OE+OOI O.OE+OOI 3.6EMI O.OE+OO 

RESIDUAL WASTE MATERIAL 

NA=Not Applicable 

-- 
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TABLE C.4-15(b) 
SOUTH FIELD 

TRUCK TRANSPORTATION RISK ASSOCIATED WITH REMEDIAL ALTERNATIVES ' 
(Public Sector) 

CONTAMINATED WASTE MATERIAL 

NA=Not Applicable 

JAC\CRU~FSUAH\TRSF-O.XLS; 4115194; 9:07 AM 
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I 
I 

SF3 - SF4 - SFS - Task _. SF2 - 
ExcavatelLoadfhmpadlTransport W NA NA NA NA 

Total Transportation Injur O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

a 

- SF7 _. SF6 
2.1E-03 NA 

2.lE-03 O.OE+OO 

Table C.4-15@) 
(continued) 

Excavate/Load/TranspoahspoIt W NA 
I 

NA NA NA 2.2E-04 NA 
I I I I I I 

Total Transportation Fatal O.OE+OOI O.OE+OOI O.OE+OO( O.OE+OOI 2.234341 O.OE+OO 
NA = Not Applicable 

I 
I 

Task - SF2 SF3 - SF4 SFS 
Excavate/Load/Trahsport W NA NA NA NA 

Total Transportation Injur O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

_. - SF7 SF6 
1.3E-01 NA 

13E-01 O.OE+OO 

I 
I 

Task - SF2 sF3 - SF4 
Excavate/Load/Transport W NA NA NA 

Total Transportation Fatal O.OE+OO O.OE+OO O.OE+OO 

- Sl=7 - SFS _. SF6 
NA 3.58-02 NA 

O.OE+OO 3 5 E 4 2  O.OE+OO 
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are signlficantly higher due to the magnitude of waste transported to the Nevada Test Site and other off-site disposal a 1 

facilities. 2 

3 

Total construction injuries associated with all alternatives was greater than 1.0. Injuries associated with waste .1 

material excavation and loading under SF2 is 3.7E=00. Injuries associated with all other alternatives are less than 5 

1.0. Construction fatalities associated with all alternatives are in the 2.5E-02 to 7.2E-02 range. Public sector risks 6 

are comparable to occupational risks. 7 

c.4.4 Long-Term Risk 

For ease of reference all risk assessment results are presented in Attachment I1 to this Appendix. Summary tables 

are included in this section. Residual risk was estimated for all alternatives and long-term protectiveness was 

assessed for South Field alternative SF7 (in situ containment). 

Table C.4- 16 (Anachment II) summarizes risk to the expanded trespasser for the consolidation/contment alternative 

(SF7) and on-site disposal alternatives (SF3, SF4, SF5, SF6). Total risk under all alternatives for this receptor was 

5.E-06 due primarily to the presence of RA-228 and TH-228 which are associated with risks of 2%-06 and 4.3E- 

06 respectively. In addition, chromium is associated with a risk of 1.3E-05. However, this may be on overestimation 

of risk since the chemical species is unknown. Tables C.4-17(a). C.4-17(b), and C.4-17(c) (Attachment 11) 

summarize risk to the off-property farmer potentially exposed to soil, homegrown produce and animal products 

containing COCs, respectively for both the consolidatiordcontrnent and on-site disposal alternatives. All risks were 

below 1.OE-06 except those due to arsenic which is not specifically addressed by alternatives. Tables C.4-18(a), C.4- 

18(b), C.4-18(c), and C.4-18(d) (Attachment II) summarize risk to the on-property farmer potentially exposed to 

soil, groundwater, homegrown produce and animal products, respectively, following implementation of South Field 

alternatives SF2, SF3, SF4, SF5, SF6 or SF7. All risks due to the potential migration of uranium to groundwater 

were below 1.OE-06 except for some risks associated with the migration of U238 to groundwater. Risk to the on-- 

property farmer due to estimated uranium radionuclides in groundwater, produce and livestock is slightly higher than 

9 

IO 
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14 

IS 
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the riskcalculated for background. Tables C.4-19(a), C.4-19(b), and C.4-19(c) (Attachment 11) summarize risk to 

an on-property farmer following implementation of alternative SF7. The risks due to Uranium radionuclides are 

slightly above 1.OE-06. Tables C.4-20(a), C.4-2qb) and C.4-20(c) summarize risk and hazard to an off-property 

farmer following implementation of SF3. SF4, SF5. SF6 and SF7. AU estimated residual risks due to uranium to 

an off-property farmer following implementation are below 1.OE-06. 

Table C.4-21 (a) and (b) summarize the long-term risks and hazards for all receptors under both the 

consolidation/containment altem (SF7) and on-site disposal alternatives (SF 3/4/5/6). 

JAC\CRU2FSJAHSE(T4.OU2: 04/15/94 13:46 
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C.5.0 INACTIVE FLYASH PILE 

C.5.1 SUMMARY OF BASELINE RISK ASSESSMENT 

Risk and hazard associated with the Inactive Flyash Pile (IFP) for receptors assuming future land-use are summarized 

in Section 1.7.3 of the FS report. The largest risks are from direct contact with surface soil containing the naturally 

occurring radioisotopes RA-228. TH-228 and U-238 and the inorganics arsenic and beryllium; and. from the 

estimated future on- and off-property concentrations of U234, U235/236 and U238 in groundwater. 

As with the South Field, concern is greatest for the direct contact risks resulting from U-238 in soil and from the 

isotopes of uranium in groundwater. Risks exceeding 1.OE-06 were indicated for the future expanded trespasser 

exposed to one or more of the following radionuclides in soil: NP-237, RA-226. RA-228. and/or TH-228. Nearly 

all radiological risk due to groundwater is due to the estimated presence of NP-237, U-234, U-235/236 and U-238 

which is not only assumed to be directly contacted by future receptors but which also contaminates homegrown 

produce and livestock food products which are then ingested by receptors. 

All CPCs associated with a risk of greater than 1.OE-06 or an HI of greater than 0.2 for any receptor are identified 

as COCs. Mitigation of risks attributable to these COCs is a general RAO for the remedial alternatives evaluated. 

Attainment of PRGs is the means by which mitigation of residual risk is assessed. Risk-based PRGs are derived for 

the future on-property farmer: the future off-property farmer: and. an expanded trespasser. It is assumed that all 

alternatives achieve PRGs. Table C.5-1 summarizes the COCs and PRGs determined for these three future receptors 

for the IFP. 
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C.5.2 REMEDIAL ALTERNATIVES 

Tasks associated with construction, transportation and short-term COC exposure have been evaluated for each of the 

seven alternatives for the IFP. These alternatives. along.with the No Action alternative. are summarized in Table 

C.5-2. 

The potential for construction and transportation hazards. as well as short-term exposure to CPCs exists for all  seven 

action alternatives. IFP2 through IFP8. All alternatives include excavation of contaminated waste material. This 

excavated material is disposed of off-site in one alternative. disposed of on-site without treatment in two alternatives 

and treated before on-site disposal in three alternatives. The three treatment options, vitrification. solidification, and 

soil washing, all require some form of additional soil handling which may result in increased resuspension of 

contaminated dust thus increasing the severity of short-term COC exposure. Vitrification and solidification have 

similar construction and soil handling procedures. Soil washing involves more soil handling and a greater 

opportunity to COC exposure through by-product handling. Only IFW requires consolidation/contment of the 

contaminated material. 

In addition to contaminated material handling, the IFP alternatives address flyash disposal. Removal of flyash results 

in physical hazards and short-term COC exposure. Six of the eight action alternatives require excavation of the 

flyash. This ash is disposed of off-site in one alternative. stabilized and disposed of on-site in four alternatives and 

disposed of on-site without stabilization in one alternative. Again. only IFP7 requires consolidation/contment of 

the noncontaminated flyash. 

10 

11 

12 

13 

14 

15 16 

17 

18 

19 

20 

21 

22 

A detailed summary of alternatives IFP2 through IFP8 listing individual tasks, COC exposure potential and labor 23 

hours required to complete individual construction tasks can be found in Tables C.5-3 through C.5-9. For ease of 

reference these tables are collected in Attachment I of this appendix. The information contained in these tables is 

24 

25 

used to estimate short-term risks associated with alternative implementation. a 26 

27 
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TABLE (25-2 

INACTIVE FLYASH ALTERNATIVES 

I IFPl No Action 

tFP3 On-site Disposal 

IFP4 Vimfication and on-site 
disposal with flyash 
stabilization 

IFPS Solidification and on-site 
disposal with flyash 
stabilization 

. .  

None 

Excavate contaminated material 
Excavate flyash 
Transportation 
Off-site disposal of contaminated . 

material 
Off-site dqosal of flyash 

Excavate contaminated material 
Transportation 
Excavate flyash 
On-site disposal of contaminated 
material 
On-site disposal of flyash 

Excavate contaminated material 
Excavate flyash 
Treat contaminated material 
Treat flyash 
On-site disposal of contaminated 
material 
On-site disposal of treated flyash 

~ 

Excavate contaminated material 
Excavate flyash 
Treat contaminated material 
Treat flyash 
On-site disposal of contaminated 
material 
On-site disposal of flyash 
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TABLE CS-2 (Continued) 

INACTIVE FLYASH ALTERNATIVES 

IFP6 Soil washing and on-site 
disposal with flyash 
stabilization 

IFP7 ConsolidatedContainment 

IFP8. On-site disposal with flyash 
stabilization 

Excavated contaminated material 
Excavate flyash 
Treat contaminated material 
Treat flyash 
On-site disposal of treated flyash 
On-site disposal of contaminated 
Off-site disposal of contaminated 
material off-site disposal of residuals 

FEW-OU02-4- DRAFT 

Consolidate contaminated material 
In-situ containment of containment of 
contaminated material 

Excavate contaminated material 
Excavate flyash 
Treatment of flyash 
On-site .disposal of contaminated 
material 
On-site disposal of treated flyash 

April 29. 1994 
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C.5.3 SHORT-TERM RISK 

C.5.3.1 COC Risk. 

April 29, 1994 rn 

Table C.5-11 summarizes the COCs and their concentrations in the material addressed by the alternatives developed 

for the Inactive Flyash Pile. For determining short-term risks, it is assumed that receptors are exposed to the most 

highly contaminated material for the ent&e exposure duration identified for that alternative. This is a very highly 

conservative assumption. This is because the durations of exposures to the most highly contaminated material will 

most likely not differ substantially among alternatives. since its volume remains the same. Yet. the risk calculations 

assume that the concentration of COCs in all removed material is the same. 

Tables C.5-12(a), (b) and (c) summarize the short-term risk potentially experienced by a trespassing youth. a 

nonremedial worker and an off-property f&er during implementation of the alternatives. For comparison the short- 

term risk that would result if the COCs identified were present in the Inactive Flyash Pile at background 

5 

6 

7 

8 

9 

IO 

I I  

12 

concentrations is provided. Total short-term COC risk associated with off-site disposal (IFP2) for the non-remedial . I5 

worker, off-property farmer and trespassing youth were estimated to be 1.OE-05. 7.OE-05 and 1.8E-05 respectively. 16 

Total short term risk associated with on-site disposal for the aforementioned receptors is 1.2E-05.7.9E-05 and 2.1E- 17 

05 respectively. These risks were mostly due to the presence of U-238. arenic anberyllium is surfacesoil. Total 18 

hazard indices were less than 1.0. It is evident that all alternatives are associated with roughly the same degree of 19 

short- term risk to the trespassing youth. the nonremedial worker, and the off-property farmer: and, that the risk is 20 

perhaps an order of magnitude greater than background for all receptors for most alternatives. 21 

22 

23 

C.5.3.2 Transwrtation Risk. 

24 

25 
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TABLE C.5-11 
CONCENTRATION OF COCs IN EXCAVATED MATERIAL, 

INACTIVE FLYASH PILE (pCi/g; mg/kg)* 

Contaminants 
of Coocern 

. NP-237 
RA-228 
TH-228 
U-234 
U-239236 
U-238 

Arsenic 
Beryllium 

m/IFP3/m4/IFPS/IFP6/IFW 
Contaminated Fill Material 

37.3 
2.048 
2.279 
77 1 
49.1 
1570 

49.7 
1.509 

* Concentrations are the 95 % UCL estimated for the most highly contaminated material. 

They are used to estimate short-term risks to non-remedial workers, trespassers and 
off-property fanners during remedial action implementation. 
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Table C.5-13 summarizes the total injuries and fatalities (for all workers) estimated per construction tasks for each 

of the remedial alternatives. In general construction injuries were 3.OE + 00 and total construction fatalities were 

approximately 4.OE+00. 

0 

Tables C.5-14(a) and (b) summarize the potential for injuries and fatalities involved in the transportation of waste 

removed from the Inactive Flyash Pile area. Occupational injuries and fatalites from truck transportation were 3.1E- 

04 for AFP3. AFP4 and AFP5 and 2.9E-03 for AFP2. Fatalities associated with truck transportaiton were 1.6E-05 

for AFP3. AFP4 and AFPS and 1.5E-04 for AFP2. Risk was greater fro the off-site disposal option (AFP2) due to 

waste volume transported to the Nevada Test Site and other off-site dsposal facilities. Train transportation injuries 

and fatalities associated with FP2 were 6.8E-01 and 6.8E-03 respectively. Public sector truck injuries and fatalities IO 

were 9.1E-04 for on-site disposal options and 8.5E-03 for off-site disposal options. Public sector train injuries and I1 

fatalities were l.OE+W and 2.7E-01 respectively. 12 

0 C.5.4 Long-Tern Risk 

13 

14 

I5 

For ease of reference all risk assessment results are collected in Attachment I1 to this Appendix. Summary tables 16 

are included here in the text. 17 

18 

Residual risk is the risk remaining at the remediated subunit after the alternative has  been implemented. For the IFP 19 

two soil types were identified with the remediated subunit: exposed till and exposed GMA. As indicated previously, 

exposure point concentrations used to calculate residual risk were selected based on the highest concentration in. 

identifed soil types. Hence, estimated risks may be an overestimation of the actual risk associated with the subunit. 

20 

21 

22 

23 

Table C.5-15 (Anachment 11) summarizes risk to the expanded trespasser potentially exposed to COCs following 

implementation of alternatives IFP3, IFP4, IFp5. IFP6. IFP7 or IFP8. Total residual risk for this receptor is 4.7E-06 

24 

25 

due mostly to estmated concentrations of arsenic and TH-228 in expsoed soil which has an associated risk of 1.6E-06 26 
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and 2.1E-06 respectively. Risks due to all other potentially exposed contaminant concentmitons was below 1.OE-06. 

Total hazard index for this receptor is less than 1.0. 

Table C.5-16 (a), (b) and (c) summarizes residual risk and hazard to the off-property farmer. Although there were 

no soil COCs associated with the off-property farmer for this subunit in the baseline risk assessment, residuals risks 

were calculated to determine if potentially exposed soil would result in an unacceptable risk to this receptor. Total 

residual risk associated with soil and groundwater exposure routes is 3.6E-06. due primarily to future estimated 

concentrations of arsenic in exposed soil. 

Tables C.5-17 (a), (b) and (c) (Attachment II) summarize risk to the on property farmer exposed to U-234, U- 

235/236 and U-238 in groundwater ‘and groundwater affected produce and animal products following implementation 

of on-site remedial alternatives (FP 3/4/5/6) and consolidation/containment (IFW). Risks to this receptor are 

estimated to only slightly exceed the 1.0E-06 level. 

3 

5 

6 

7 

8 

9 

10 

I I  

12 

13 

Tables C.5-18 (a), (b) and (c) (Attachment 11) summarize risk to the off-property farmer exposed to potentially 

contaminated groundwater and groundwater affected produce and animal products following implementation of on- 

site disposal alternatives (IFP 3/4/5/6) and consolidation/contment of flyash (IFW). All residual risks to this 

receptor are below 1.OE-06. Table C.5-19 summarizes the residual risk for all receptors as well as demonstrating 

the long-term protectiveness of alternative 7. 

IS 

16 

17 

18 

19 
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TABLE C.5-19 
INACTIVE FLYASE PILE 

SUMMARY OF LONG-TERM RISKS AND EAZARDS 
Alternative 3/4/5/6/7/8 

Medium Parameter 
Soil CS-137 

NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
U-235t236 
U-238 

Arsenic 
Groundwater u-234 
(Alternative 7 )  U-239236 

U-23 8 
Groundwater u-234 
(Alternative 2/3141516) U-239236 

U-23 8 

Homegrown CS-137 
Produce NP-237 
@ua RA-226 
Affected) RA-228 

TH-228 
TH-230 
TH-232 
u-234 
U-239236 
U-23 8 

Arsenic 
Homegrown u-234 
Produce U-235l236 
(Groundwater U-238 
Affected) 

Expanded 
Trespasser 

Curcinogen Non-Curcimgm 
O.OE+OO 

3.6E-08 
8.4E-09 
9.5E-07 
2.1E-06 
I .  6E-09 
4. E-IO 
8.9E-IO 
8.E-09 
2.5E-08 

I .6E-06 3.4MI 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 

Off-hperty 
Farmer 

Garcinogen Non-Curcinogen 
O.OE+OO 

2.E-IO 
1.5E-IO 
2.3E-I I 
2.4E-09 
3.0E-09 

1.4E-09 
7.5E-IO 

9.6E-11 
3.5E-09 

2.6E-06 
3.6E-07 
1.3E-07 
1.2E-08 
l.lE-07 
5.5E-09 
2.1E-07 

O.OE+OO 
9.6E-I 5 
2. E-I 4 
I .5E-I 4 
7.5E-I5 
6.OE-15 
1.4E-I5 
3.8E-I5 
2 . E - I 6  
8.4E-I5 

1.4E-09 2 . E &  
5.4E-08 
1.9E-08 
1 AE-09 



TABLE C5-19 
(COIltinned) 

Alternative 3141516 

*Background summay risk calculations are independent 
\TOTAL 

Medium Parameter 
Homegrown u-234 
Produce U-235R36 
(Groundwater U-238 
Affected) 
Alternative 3141516 
BeeflMilk CS-137 

NP-237 
Affected) RA-226 

RA-228 
TH-228 
TH-230 
TH-232 
u-234 
u-235 
U-238 

4.7E-06 3.4E-o: 
of the alternative used for remedial action. 

Arsenic 
BeeflMilk u-234 
(Groundwater U-235I236 
Affected) U-23 8 
Alternative 7 
BeeflMilk u-234 
(Groundwater U-235R36 
Affected) U-23 8 

FEMP-OUM4DRAFT 
April29, 1994 

Alternati 

Expanded 
Trespasaer 

Curcinogen Non-Carcinogen 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 

31415/6/1/8 

Off-Property 
Fanner 

Carcinogen Non-Curcinogen 
1.6E-08 
8.2E-10 
3.1E-08 

O.OE+OO 
5.6E-17 
4.4E-15 
2.3E-15 
1.4E-17 
l.2E-17 
3.OE-18 
7.9E-16 
5 . Z - 1 7  
I. 8E-15 

2.5E-IO 4.7E-01 
6.3E-09 
2.3E-09 
2.2E-10 

1.9E-09 

3.7E-09 
9.6E-11 

Numbers in italics represent risk calculations for contaminants that were not COCs for the identified receptor. 
NIA=Not Applicable 
NID=No Data 
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C.6.0 SOLID WASTE LANDFILL 

C.6.1 SUMMARY OF BASELINE RISK ASSESSMENT 

550 4I 
2 

3 

4 

Risk and hazards associated with the Solid Waste Landfdl for receptors assuming future land use are summarized 5 

in Section 1.7.3 of the FS report. Assuming current land use. exposures of the trespassing youth to RA-228 and TH- 6 

228 contributed to a risk which barely exceeded 1.OE-06 . Risks to future receptors were restricted to soil pathways 7 

for on-property receptors and were well within the 1.OE-06 to 1.OE-06 risk range. About 96% of the radiological 

risk was attributable to estimated external radiation tiom NP-237. RA-228, TH-228, U-234 and U-238 for all 

receptors. 10 

E 

9 

11 

Concern is greatest for the isotopes of uranium since they may be present at levels above naturally occurring 12 

background. Groundwater is predicted to be unimpacted by contamination at the Solid Waste Landfill. 13 

14 

Table C.6-1 summarizes the COCs and PRGs determined for the Solid Waste Landfill. For assessing short-term risk. IS 

potential exposures to all CPCs are evaluated. For estimating residual risk COCs are presumed to be present at the 16 

PRG for the identified receptor, or the unremediated soil concentration. In the event the calculated PRG is more 17 

stringent than current background concentrations, the background is selected as the PRG. Derivation of risk-based I8 

PRGs is discussed in detail in Attachment 111. 19 

C.6.2 REMEDIAL ALTERNATIVES 

20 

21 

22 

Tasks associated with construction. transportation are evaluated for each of the alternatives for the Solid Waste 

Landfill (SWL). These alternatives, along with the No Action alternative. are summarized in Table C.6-2. 

23 

24 

2s 

Both construction and transportation hazards. as well as short-term COC exposure associated with excavation of 26 

contaminated waste material exist for all of action alternatives. SWL2 through SWIA. Two alternatives call for 27 

6 O O Z E 9  
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TABLE C.6-2 

SOLID WASTE LANDFILL ALTERNATIVES 

SWLl No Action 
~ 

SWL2 Off-site dsposal 

SWL3 On-site disposal 

SWL4 Consolidatiotdcontainment 
and off-site disposal 

None 

Excavate contaminated material 
Transportation 
Off-site disposal of 
contaminated material . 

Excavate contaminated material 
On-site disposal of contaminated 
material 

Consolidated contaminant 
material 
Excavate some contaminated 
material 
Transportation 
Off-site disposal of some 
contaminant material 
In-situ containment of remaining 
contaminated material 
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excavation of contaminated material with options for either on-site or off-site disposal of the excavated material. 

ik .& 9 8 &emativi  SWLA assumes most of the materials present at the SWL will be consolidatedkontained with a small 

amount transported off-site for disposal. 

A detailed summary of alternatives SWL2 through SWLA listing individual construction tasks, uansportation 

panmeters and COC exposure potential and labor hours required to complete individual construction tasks can be 

found in Tables C.6-3 through C.6-5. For ease of reference. these tables are collected in Attachment I of this 

appendix. Information contained in these tables is used to estimate the short-term risk associated with alternative 

implementation. 

C.6.3 SHORT-TERM RISK 

C.6.3.1 COC Risk. 

Table C.6-6 summarizes the COCs and their concentrations in the material addressed by the alternatives developed 

for the Solid Waste Landfill. For determining short-term risks it is assumed that receptors are exposed to the most 

highly contaminated material for the entire exposure duration identified for that alternative. This is a very highly 

conservative assumption. This is because the durations of exposures to the most highly contaminated material will 

most likely not differ substantially among alternatives, since its volume remains the same. 

Table C.6-7(a), (b) and (c) summarize the short-term risk potentially experienced by a trespassing youth, a 

noruemedial worker, and an off-property farmer during implementation of the alternatives. For comparison, the 

short-term risk that would result if the COCs identified were present in the Solid Waste Landfill at background 

concentrations is provided. Short term risks potentially experienced by the non-remediaiton worker, off-property 

farmer and trespassing youth during implementation of of SWL2 m 1.9E-06.7.5E-06 and 2.OE-06 respectively. 

Short term risk associated with SWL 3 for the above receptors is 4.2E-07, 1.6E-06 and 4.3E-07; for SWL4 2.5E-07, 

. . h . : .  , 
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5 650 4 TABLE C.6-6 
CONCENTRATION OF COCs IN EXCAVATED MATERIAL 

SOLID WASTE LANDFILL (pCi/g; mg/kg)* 

Contaminants 
of Concern 

CS-137 
NP-237 
PU-238 
RA-226 ' 

RA-228 
TH-228 
TH-230 
U-234 
U-2351236 
U-23 8 

Arsenic 
Beryllium 
Chromium 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Dibenzo(a, h)anthracene 
Indene( 1,2,3-cd)pyrene 

swwlswwlswIA 
Contaminated Fill Material 

0.38 
1.67 

0.433 
2.26 
3.15 
1.983 
15.96 

54.179 
3.78 
98.45 

7.062 
1.065 

20.489 
0 
13 
15 
3 

6.5 

*Concentrations are the 95 96 UCL estimated for the most highly 
contaminated material. They are used to estimate short-term 
risks to non-remedial workers, trespassers and off-property 
farmers during remedial action implementation. 
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w e- TABLE C.6-9(a) ;& 0 G 3 SOLID WASTE LANDFILL 
TRANSPORTATION RISK ASSOCIATED WlTH REMEDIAL ALTERNATIVES* 

(OCCUPATIONAL EXPOSURE) 

- Task 
ExcavatelLoadlTransport Waste 

Tohl Injury 

- s w L 2  SWLQ 
4.0E-02 l.lE-04 4.5E-05 

O.OE+OO 
4.0E-02 l.lE-04 45E-05 

I 
FATALITIES 

- I - swL3 I S W L Q  swL2 - Task 
ExcavatelLoadlTransport Waste 

Total Fatality 

2.0E-03 5.88-06 2.3E-06 
O.OE+OO 

2.0E-03 5.8346 233-06 

I TRANSPORTATION RISWTRAIN I 
- Task SwL3 

ExcavatelLoadlTransport Waste 5.OE+00 NIA 
Total Injury 5.OE+ 00 O.OE+OO 

- swL4 
NA 
O.OE+OO 

- Task - s w L 2  SwL3 
ExcavatelLoadfI'ranspo rtWaste 5.OE-02 NIA 
Total Fatality 5.0EO2 O.OE+OO 

FER\CRU2FSUAH\TRSWL-O.XLS; 4/15/94; 9: 13 AM 

SWLQ 
NA 
O.OE+OO 



b 

swL2 - swL3 - Task - 
ExcavatelLoadiTranspo rt waste 5.OE+00 NIA 
Total Injury 5.OE+00 O.OE+OO 

TABLE C.&9(b) 
SOLID WASTE LANDFILL 

TRANSPORTATION RISK ASSOCIATED WITH REMEDIAL-ALTERNATIVES* 
(PUBLIC EXPOSURE) 

- 
NA 
O.OE+OO 

CONTAMINATED WASTE MATERIAL 
TRANSPORTATION RlSKlTRUCK 

INJURIES 
Task swL4 

- Task 

CONTAMINATED WASTE MATERIAL 
TRANSPORTATION RlSKlTRUCK 

INJI JR IES 

- 

ExcavatelLoadlTransport Waste I 

ExcavateILoadiTransport Waste 
Total Fatalities 

I I I 

Total Injury I 4.OE-021 1.1 E-04 I 4.5E-05 

5.OE-02 NIA NA 
' 5.OE-02 O.OE+OO O.OE+OO 

FATALITIES 

2.3E-06 

Total Fatali 2.0E-03 5.83-06 233-06 

Excavate/LoadlTransport Waste 2.0E-03 5.88-06 

I TRANSPORTATION RISK/TRAIN 1 
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April 29, 1994 e 9.8E-07 and 2.6E-07 respectively. It is evident that the risk is in most cases close to or within the background range 

for all receptors for most alternatives. 2 

C.6.3.2 Transuortation/Consnction Risk 

Table C.6-8 summarizes the total injuries and fatalities for all workers estimated per construction tasks for each of 

the remedial alternatjves. There is very little difference between the alternatives in either measure, since the 

6 

7 

alternatives involve either a degree of excavation or of waste packaging that contributes to a similar degree of hazard. 

Table C.6-9 summarizes the risk of injuries and fatalities among occupational or public sectors receptors associated 

with transportation. Truck transportation injuries and fatalities associated with al l  remedial alternatives ranged from 

5.E-04 to 2.2E-02 and 5.9E-06 to l.lE-03 respectively. The off-site remedial opiton was associated with the greater 

risk since it involved transpo~ of larger volumes of waste. Again, very little difference exists among alternau,ves. 

C.6.4 Long-Tern Risk 

Long-term risk due to COCs present at the remediated Solid Waste Landfill were not estimated since all alternatives 

eliminate any potential exposures to surface soil, and groundwater is not impacted. 

IS 

16 

17 

18 

19 

20 
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C.7.0 LIME SLUDGE PONDS * 

C.7.1 SUMMARY OF THE BASELINE RISK ASSESSMENT 

Risk and hazard associated with the Lime Sludge Pond (LSP) for receptors assuming future land-use are summarized 

in Section 1.7.4 of the FS report. Risks due to COCs in groundwater across all pathways did not exceed 1 x 

for the off-property resident farmer. Total risk associated with surface soil exposures for this receptor did not exceed 

the 1.OE-06. Risks associated with the future expanded trespasser exceeded 1 x loo6 due primarily to direct contact 

with surface soil containing the radionuclides RA-228. TU-228 and U-238 and to the presence of some PAHs. 

Table C.7-l(a)’ and 7-l(b) summarize the COCs and PRGs determined for the Lime Sludge Ponds. e 
C.7.2 REMEDIAL ALTERNATIVES 

Tasks associated with construction and transportation and short-term exposure are evaluated for each of four remedial 

alternatives. These alternatives, along with the No Action Alternative, are summarized in Table C.7-2. 

Both physical hazards and chemical exposure associated with excavation of contaminated waste material exists for 

a l l  remedial alternatives, LSP2 through LSPS. All alternatives include some excavation of contaminated material. 

This excavated material is disposed of off-site in one alternative, and two alternatives require on-site disposal without 

prior treatment. LSP4 involves in-situ containment of the majority of the contaminated material. 

Physical hazards are associated with excavation of lime sludge. Three alternatives require excavation of the lime 

sludge. LSP2 includes off-site disposal of the excavated lime sludge. LSP3 requires on-site dsposal and the LSP8 e 
JAC\CRU2FS\IAH\SECT7.OU2: 04/15/94: 14:24 
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~~~ ~~ 

Consolidate Contaminated Material 
Excavate some contaminated material 
Off-site disposal of some 
contaminated m a t e d  
In-situ containment of contaminated 

, material 

TABLE C.7-2 

LIME SLUDGE PONDS ALTERNATIVES 

LSPl No Action . 

LSP2 Off-site disposal 

LSP3 On-site disposal 

LSP4 In-situ containment 

LSP5 On-site disposal of LLW and 
stabilization and on-site disposal 
of lime sludge 

None 

Excavate contaminated material 
Transportation 
Off-site disposal of contaminated 
material 
Off-site disuosal of sludge 

Excavate contaminated material 
Transportation 
On-site disposal of contaminated 
material 

~~~ 

Excavate contaminated material 
Excavate sludge 
Treatment of sludge 
On-site disposal of LLW 
On-site disposal of treated sludge 

JAC\CRUES\TAOCS3 18.WP5; 04/15/94: 2: 10 
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alternative requires on-site disposal of the lime sludge following stabilization. Only one alternative calls for in-situ 

containment (LSP4). 

A detailed summary of alternatives LSP2 through LSPS listing individual construction tasks, COC exposure potential 

and labor hours required to complete individual construction tasks can be found in Tables C.7-3 through C.7-6. For 

ease of reference, these tables are collected in Attachment I of this appendix. The information contained in these 

tables is used to estimate the short-term risk associated with alternative implementation. 

C.7.3 SHORT-TERM RISK 

C.7.3.1 COC Risk. 

Table C.7-10 summarizes the COCs and their concentrations in the material addressed by the alternatives developed 

for the Lime Sludge Pond. For determining short-term risks, it is assumed that receptors are exposed to the most 

highly contaminated material for the entire exposure duration identified for that alternative. This is a very highly 

conservative assumption. This is because the durations of exposures to the most highly contaminated material will 

most likely not differ substantially among alternatives. since its volume is the same. 

Table C.7-ll(a), (b) and (c) summarize the short-term risk potentially experienced by a trespassing youth, a 

nonremedial worker and an off-property farmer during implementation of the alternatives. For comparison the short 

term-risk that would result if the COCs identified were present at background concentrations is provided. Short term 

risks associated with implementation of LSP2 are 1.3E-06, 1.E-06 and 2.4E-06 respectively: for LSP3 2.E-06, 

7.E-07, and 1.5E-06; and LSP5 3.9B-05, 3.3E-07 and 6.507. Short term risks associated with LSPS were less 

than 1.OE-06. Hence, short term risk for all alternatives is equal to or less than background for all receptors for most 

alternatives. 
0002Q4 

C.7.3.2 Transportation/Constction Risk. 
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TABLE C.7-10 6 5 0 4  
CONCENTRATION OF COCs IN EXCAVATED MATERIAL b 

LIME SLUDGE PONDS (pCi/g; mg/kg)* 

Contaminants LSP2/LSP3/LSP4/LSPS 

RA-228 1.75 

TH-230 44.8 

of Concern Contaminated Surface Soil 

TH-228 2.91 

U-238 71.388 

Arsenic 
Beryllium 
Aroclor- 1254 
Benzo(a)pyrene 

7.379 

1.588 
0.59 

0.1 

* Concentrations are the 95 46 UCL estimated for the most highly contaminated material. 
They are used to estimate short-term risks to non-remedial workers, trespassers and 
off-properly farmers during remedial action implementation. 

JAC\CRUZFS\ABQ\LSP-CNCN.XU: 4115194: 3:26 F'M 
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- Ls4 
3.3E-01 

6.5E-02 

6.5E-02 

6.5E-02 

NA 

NA 

5.2E-01 

TABLE C.7-12 
LIME SLUDGE PONDS 

CONSTRUCTION RISK ASSOCIATED WITH REMEDIAL ALTERNATIVES 

- Ls5 
3.3E-01 

1.5E+00 

1.6E-01 

1.6E-01 

8.2E-02 

1.2E-01 

.2.4E+00 

TOTAL IN.WS/COMPLETED TA 

4.8E-03 

2.8E-03 

2.4E-03 

2.4E-03 

1.2E-03 

8.7E-04 

1.4EO2 

~~ 

- Task 
Mobilization and site preparation 

Excavate/load/transport waste 

Site restoration 

Demobilization 

Construct cell 

Cap cell 

4.8843 4.8E-03 

9.6E-04 2.2E-02 

9.6E-04 2.4E-03 

9.6E-04 2.4E-03 

NA 1.2E-03 

NA 1.8E-03 

7.7E-03 3.9342 

Total Injury 

- Ls2 
3.3E-01 

6.0E-01 

1.6E-01 

NA 

NA 

NA 

l.lE+OO 

TOTAL 
- Task 

Mobilization and site preparation 

Excavate/load/transport waste 

Site restoration 

Demobilization 

Construct cell 

Cap cell 

Total Fatality 
NA= Not Applicable 

AT ALlTES/C 
- L s Z  

4.8E-03 

. 8.8E-03 

2.4E-03 

NA 

NA 

NA 

1.6E-02 

- Ls3 
3.3E-01 

1.9E-01 

1.6E-01 

1.6E-01 

8.2E-02 

5.9E-02 

9.8E-01 

FER\CRUZFSWAH\=.m; 4/15/94; 9:08 AM 



TABLE C.7-13(a) 
LIME SLUDGE PONDS 

TRANSPORTATION RISK ASSOCIATED WITH REMEDIAL ALTERNATIVES* 
Occupational 

Task - Ls2 - Ls3 - 
Excavate/Load/Transport Waste 1.8E-02 9.4E-05 

Total Injury 1.8E-02 9.4345 

- Ls4 - Ls5 
1.1E-03 7.4E-05 

1.1E-03 7.4345 

- Ls2 
Excavate/Load/Transport Waste 9. E44 

Total Fatality ' 9.lE-04 

EXEMPTED WASTE 

Excavate/Load/Transport Waste 

Excavate/Load/Transport Waste 

NA=Not Applicable 

- Ls3 - Ls4 - Ls5 
4.8E-06 5.5E-05 3.8E-06 

4.8E-06 5.sE-05 3.8E-06 

FER\CRU2FSUAH\TRRKLS.XLS; 4/15/94; 9:07 Ah4 



.. . 

Task 
ExcavateILoadA'ransport Waste 

Total Injury 

i 

- Ls2 - Ls3 - Ls4 - Lss 
5.2E-02 2.8E-04 1.1E-03 2.2E-04 

5.2E-02 2.8E-04 1.1E-03 2.2E-04 

5 5 0 4  

ExcavateILoadfTransprt Waste 

Total Fatality 

TABLE C.7-13(b) 
LiME SLUDGE PONDS 

TRANSPORTATION RISK ASSOCIATED WITH REMEDIAL ALTERNATIVES 
Public Sector 

- Ls2 - Ls3 - Ls4 - Ls5 
5.7E-03 3.0E-05 5.5E45 2.4E-05 

5.7E-03 3.0E-05 5.5E-05 2.4E-05 

Excavate/Load/Transport Waste 
- Ls2 - Ls3 - Ls4 - Ls5 

2.6€+00 NA NA NA 
I I I 

To& Injury I 2.6E+001 0.OE+00~O.OE+00 O.OE+OO 
1 I 

FATALITIES 
Task - Ls2 - Ls3 - Ls5 - Ls5 

Excavate/Load/Transport Waste 6.8E-01 NA NA NA 
Total Fatality 6.8E-01 O.OE+OO O.OE+OO O.OE+OO , 

NA= Not Applicable 

FSR\CRU2FSUAH\TRRKLS.XLS: UIRIOd. 1.79 DM 
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Table C.7- 12 summarizes the total injuries and fatalities (for all workers) estimated per construction task for each 

of the remedial alternatives. In genenl. total construction injuries ranged from 5.2E-01 to 2.4E + 00 and total 

construction fatalities ranged from 7.7E-03 to 3.5E-02. Alternatives associated with the greatest amount of material 

excavation. packaging and movement were associated with the greatest potential for injury. Fatalities are about 

equally likely for all alternatives. 

Tables C.7-13 (a) and (b) summarize the potential for injuries and fatalities involved in the transportation of waste 

removed from the Lime Sludge Pond area. In gened. total transportation injUries for occupational exposures and 

public sector exposures ranged from 1.3E-04 to 1.8E-02 and 3.9E-04 to 5.2E-02 respectively. Total transportation 

fatalities under the aforementioned exposure scenarios were 4.OE-05 to 5.7E-03 and 6.4E-06 to 9.1E-04 respectively. 

Train transportation was an option for alternative LSPS. Injuriesa.nd fatalities to r d  workers associated with this 

option is 1.3E-04 and 6.9E-06 respectively. Injuries and fatalities to the public are 3.9E-04 and 4.3E-05 respectively. 

\ 

C.7.4 Long-Term Risk 

Long-term risk due to COCs present at the remediated Lime Sludge Ponds were not estimated since all alternatives 

eliminate any potential exposures to surface soil. and gmundwater is not impacted. 
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C.8.0 LONG-TERM PROTECTIVENESS OF ON-SITE DISPOSAL CELL 

3 

The preferred alternative for all subunits involves placement of contaminated wastes in a common on-site disposal 4 

cell. This cell is described in detail in Section 5.2.3 of the FS report and very generally in Section C.2.1 of this 5 

appendix. For the purpose of assessing the long-term protectiveness.of this alternative, groundwater modeling was 6 

utilized to determine U-234, U-235/236 and U-238 concentrations immediately below the disposal cell and at the site 7 

downgradient fence line. Based on ODAST modeling results, which demonstrate contaminant loading concentrations 8 

into the Great Miami Aquifer, maximum U-234. U-235/236'and U-238 concentrations on-site and at the FEW 

fenceline is zero. Hence. the on-site disposal cell is adequately protective. 

9 

10 

JAC\CRU2FNAH\SEm.OU2: 04/15/94 1424 
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TABLE C3-12(a) 
ACTIVE FLYASB PILE 

OFF-PROPERTY FARMER: SURFACE SOWAIR 

Consolidation/Cominment 
CARCINOGENIC RISK 

Compound 
NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
u-235 
U-23 8 

Radiation Risk 
InhalatiodSoil 

Conc'nin A i r  (pCi/m3) & 
4.08E-08 4.7E-03 2.9848 1.4E-IO 
3.22E-07 3.7E-02 3.0E-09 l.lE-IO 
2.63E-07 3.0E-02 6.9E-10 2.1E-11 

:.i 5.28E-07 6.1E-02 7.88-08 4.8E-09 
7.58847 8.8E-02 2.9848 2.5E-09 
3.83E-07 4.4E-02 2.8E-08 1.2E-09 
3.34847 3.9E-02 2.6E-08 l.0E-09 
4.66846 5.4E-01 2.5848 1.4E-08 
3.23E-07 3.7E-02 5.2E-08 1.9E-09 

I I 
Total Pathway: 2.5E-08 2.5E-08 

Chemical Risk 
InhalatiodSoil 

6 5 0  4 

- Total 

1.4E-10 
I.1E-10 
2.1E-11 
4.8E-09 
2.5E-09 
1.2E-09 
1 .OE-09 
1.4E-08 
1.9E-09 

Intake Compound Conc'n ( m g / d )  - 
Arsenic 3.01E-06 2.0E-07 1.5E+01 2.9E-06 
Beryllium 2.01E-06 1.3E-07 8.4E+00 l.lE-06 
U-Total 1.29847 8.4849 

Total Pathway: 4.4E-06 

2.98-06 
l.lE-06 

Total Chem 4.4E-06 Tocal: 4.4E-06 



FEMP-OU02-DRAFT 
A p d 2 9 ,  1994 

TABLE C3-12(a)(codoued) 

ConsolidationlContainment 
NONCARCINOGENIC HAZARD 

Radiation Hazard 
InhalatiodSoil 

Compound Conc'n in Air (vCilm31 a Hazard 
NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
U-239236 
U-238 

4.08848 
3.22E-07 
2.63E-07 

:, 5.28E-07 
7.58E-07 
3.83E-07 
3.34E-07 
4.66E-06 
3 23E-07 

I 
Total Pathway: O.OE+OO 

I ChemiealHazard I 
I InhalatiodSoil I 

Compound Conc'n (mdrn3) - Intake Hazard 
Arsenic 3.01E-06 2.0E-07 
Beryllium 2.01E-06 1.3E-07 

Total Pathway: O.OE+OO 

Total Chem O.OE+OO Total: O.OE+OO 

v.:+.. .I. .., . . 
. . /  ....... , ,  . .. . 



F E M P - O U 0 2 - D W  
April 29, 1994 

TABLE C3-12(a) 
ACTIVE FLYASH PILE 

OFF-PROPERTY FARMER: SURFACE SOIUAlR 
On-Site Disposal 

CARCINOGENIC RISK 
Radiation Risk 
Inhaletioddoil 

Risk Compound onc'n in Air (oCilm3 Intake - 
NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
U-235 
U-238 

5.57E-08 
4.llE-07 
3.338-07 
4.64847 
9.67E-07 
4.77E-07 
4.12E-07 
4.668-06 
4.05E-06 

6.5843 
4.8E-02 
3.9E-02 
7.78-02 
l.lE-01 
5.5E-02 
4.8E-02 
5.4E-01 
4.7E-01 

2.9E-08 
3 .OE-09 

7.88-08 
2.9E-08 
2.8E-08 
2.6E-08 
2.5E-08 
5.2E-08 

6.9E-IO 

'I .9E-10 
1.4E-10 
2.7E-11 
6.0E-09 
3.3E-09 
1 SE-09 
1.2E-09 
1.4E-08 
2.4E-08 

I I 
Total Pathway: 5.OE-08 

r ~~ Chemical Risk I 

6504 

1.9E-10 
1.4E-10 
2.7E-11 
6.0E-09 
3.3E-09 
1 SE-09 
I .2E-09 
1.4E-08 
2.4E-08 

5.OE-08 

Inhalatioddoil 
Intake 

4.11E-06 2.7E-07 1.5E+01 4.0E-06 4.0E-06 
Beryllium 1.76E-07 1.1E-08 8.4E+00 9.6E-08 9.6E-08 
U-Total 2.34846 1 SE-07 

Total Pathway: 4.1E-06 

Total Chem 4.2E-06 Total: 4.2E-06 

JAC\CRU2FS\ABQ\AFSI~.XIS\4/13/94: 8:41 AM 
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- 

TABLE C 3-12 (a) (continued) 

On-Site Disposal 

NONCARCINOGENIC HAZARD 
I 

Comoound onc'nin AirbCilm RfDo Hazard 
NP-237 5.57E-08 
RA-226 4.1 1 E47  
RA-228 3.33847 
TH-228 . ,6.648-07 
TH-230 9.678-07 
TH-232 4.778-07 
u-234 4.12E-07 
U-235rU6 4.66E-06 
U-23 8 4.058-06 

RadiatioaEazard 
Inhalation/Soil 

Total Pathway: O.OE+OO 

ChemicalHazard 
InhalatiodSoil 

4.11E-06 2.78-07 
Beryllium I .76E-07 I .  1E-08 

- Total 

Total Pathway: O.OE+OO 

Total Chem O.OE+OO Total: O.OE+OO 



FEMP-OUOZ-DRAFT 
April29. 1994 

TABLE C3-12(b) 
ACTIVE FLYASE PILE 

OFF-PROPERTY FARMER: EOME GROWN PRODUCE 
ConsolWon/Contuinment 

CARCINOGENIC RISK 
I- Radiation Risk I 
I-- ~ IneestiodHomeerown Produce I 
. Comuound 
NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
U-235t236 
U-238 

Conc’n in Plants (uCi/k& 
1.42845 2.1E-02 
l.10E-04 1.6E-01 
9.00E-05 1.3E-01 

;i 1.8OE-04 2.7501 
2.58E-04 3.9E-01 
1.30E-04 1.9E-01 
1.14E-04 1.7E-01 
1.63843 2.4E+00 
l.llE-04 1.7E-01 

2.2E-10 
1.2E-10 
1 .OE-10 
5.5511 
1.3E-11 
1.2E-11 
1.6E-11 
1.6E-11 
2.8E-11 

Risk - 
4.E-12 
2.OE-11 
1.3E-11 
1%-11 
5 .OE- 12 
2.3 E- 12 
2.7E- 12 
3.8E-11 
4.6E- 12 

Total Pathway: I .  1E-10 

b 55.0 4 

4.7E-12 
2.OE-11 
1.3E-11 
1.5E-11 
5 .OE- 12 
2.38-12 
2.7E- 1 2 
3.8E-11 
4.68-12 

Chemical Risk 
IngestiodHomegrown Produce 

Arsenic 1.03E-06 8.6E-10 1.8E+00 1.5E-09 1 SE-09 
Beryllium 4.36E-08 3.6E-11 4.3E+00 1.6E-10 1.6E-10 
U-Total 6.91E-07 5.8E-10 

Total Pathway: 1.7E-09 

Total Rad + Chem 1.8E-09 Total: 1.8E-09 



FEMP-OU02-DRAFT 
April29, 1994 

TABLE C3-12b) (continued) 
6 

Consolidution/Containment 
NONCARCINOGENIC HAZARD 

Radiation Hazard 

~~~ ~ 

Compound Conc'n in Plants (pCilkg) m RfDo Hazard 
NP-237 
RA-226 
RA-228 
TH-228 
rH-230 
rH-232 
u-23 4 
U-235I236 
u-23 8 

1.4E-05 
l.lE-04 
9.0E-05 
I AE-04 
2.6E-04 
1.3E-04 
l.lE-04 
I .6E-03 
l.lE-04 

Total Pathway: O.OE+OC 

I Chemical Hazard I 
IngestiodHomegrown Produce 

Compound Conc'n in Plants (melkg) m RfDo 
Arsenic 1.03E-06 8.6E-10 3.0E-04 2.9E-06 
Beryllium 4.4E-08 3.6E-11 5.0E-03 7 . 3 8 4 9  
U-Total 6.98-07 5.8E-10 3.0E-03 1.9E-07 

2.9E-06 
7.3E-09 
I .9E-07 

Total Pathway: 3.6E-06 

Total Rad + Chem 3.68-06 Total: 3 . 6 8 4 6  

a 

a 

JAC\CRU2FS\ABQW00FFS.XIS\4/13/94; 9:49 AM 
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~ 

Radiation Risk 
IngestiodHomegrown Produce 

Compound Conc’n in Plants (pCi/kg) intake w Risk 

TABLE C3-12b). 
ACTIVE FLYASB PILE 

OFF-PROPERTY FARMER HOME GROWN PRODUCE 
On-Site Disposal 

CARCINOGENIC RISK 

ACSeniC 1.40E-06 1.2E-09 1.8E+00 2.0E-09 
Beryllium 5.93848 5.OE-11 4.3E+00 2.IE-10 
U-Total 8.04847 6.7E-10 

NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
U-235R36 
U-238 

2.0E-09 
2.1E-10 

A 

1.93645 
1 .ME44 
1.13E-04 

i 2.268-04 
3.28E3-04 
1.62E3-04 
1.41E3-04 
I .63 E-03 
I .38E-04 

2.9E-02 
2.1E-01 
1.7E-01 
3.4E-01 
4.9E-01 
2.4E-01 
2.1E-01 
2.4E+00 
2.1E-01 

2.2E-10 
I .2E-10 
1 .OE-10 
5.5E-11 
I .3E-11 
1.2E-1 I 
1.6E-11 
I .6E-11 
2.8E-11 

6.4812 
2.5E-11 
1.7E-11 
I .9E-11 
6.48-12 
2.9E-12 
3.4E-12 
3.8E-11 
5.8E- 12 

Total Pathway: 1.2E-10 

I Chemical Risk 
IngestiodHomegrown Produce 

Comoound Conc’n in Plants (mnlka & w Risk 

6 5 0 4  

c 



FEM P - O U 0 2 - D W  ' 

A p d 2 9 .  1994 

TABLE C3-12b) (conthued) 

on-site Disposal 
NONCARCINOGENIC HAZARD 

Radiation Eazard 
' IngestiodHomegrown Produce 

Comoound Conc'n in Plants bCi/k& RfDo 
NP-237 1.9E-05 
RA-226 1.4E-04 
RA-228 l.lE-04 
TH-228 . 2.3E-04 
TH-230 3.3E-04 
TH-232 1.6E-04 
u-234 1.4E-04 
U-235/236 1.6E-03 
U-238 1.4E-04 

- Total 

Total Pathway: O.OE+OO 

ChemicalHazard 
IngestiodHomegrown Produce 

Arsenic 1 .ME46 1 2E-09 3.0E-04 3.9E-06 3.9E-06 
Beryllium 5.9E-08 5.OE-11 5.0E-03 9.9E-09 9 . 9 8 4 9  
U-Total 8.0E-07 6.7E-10 3.0E-03 2.2E-07 2.2E-07 

Total Pathway: 4.1E-06 

Total Rad + Chem 4.1E-06 Total: 4.1E-06 

JAc\CRUZFS\ABQW GO FFS .XIS41 13/94: 9:49 AU 
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FEMP-OUO2-4-DW 

TABLE C.4-17(a) 
som FIELD 

OFF-PROPERTY FARMER: SURFACE SOIL 
Consolidation/Cont&ment 

clrrcinoptic Risk 
RadlamRRisk 

Inhalation of PaniculatedSoil 
Comound Conc'nin Air bCilm3) e = u 

. .  

TABLE C.4-17(a) 
som FIELD 

OFF-PROPERTY FARMER: SURFACE SOIL 
Consolidation/Cont&ment 

clrrcinoptic Risk 
RadlamRRisk 

Inhalation of PaniculatedSoil 
Comound Conc'nin Air bCilm3) e = u 

. .  

NP-237 1.48E-06 1.7E-01 2.9E-08 S.OE-09 
RA-226 4.69E-07 5.4E-02 3.0E-09 1.6E-10 
RA-228 3.98E-07 4.6E-02 6.6E-10 3.OE-11 
TH-228 3.22E-07 3.7E-02 7.8E-08 2.9E-09 
TH-230 6.78E-07 7.9E-02 2.9E-08 2.3E-09 
TH-232 3.00E-07 3.5E-02 2.8E-08 9.TE10 
u-234 1.08E-06 1.3E-01 2.6E-08 3.3E-09 

U-23 8 1.37E-06 1.6E-01 5.2E-08 8.3E-09 
Total Pathway: 2.3E-08 

CbemiEntRisL 
Inhalation of Particulates/Soil 

Comound Conc'n ( m e l d )  - Intake = & 

u-235 6.268-08 7.3E-03 2.5E-08 1.8E-10 

Arsenic 3.77E-06 2.4E-07 1.5E+00 3.7E-07 
Beryllium 1.56E-07 1.0E-08 8.4E+00 8.5E-08 
Chromium 6.60E-06 4.3E-07 4.1E+01 1.8E-05 
U-TOTAL 7.32846 4.7E-07 
Benzo(a)pyrene 1.82E-06 1.2E-07 6.1E+00 7.2E-07 

Aroclor- 1260 1.04M8 6.7510 
Aroclor-1254 1.04E-08 6.7E-10 

8 *g3r4 

- Total 

5.0E-09 
1.6E-10 
3.OE-11 
2.9E-09 
2.3E-09 

3.3E-09 

8.3E-09 

9.7E-10 

1.8E-10 

3.7E-07 
8.5E-08 
1 AE-05 

7.2E-07 

L 
Total Pathway: 1.9E-0: 

Total Rad + Chem 1.9E-05- 



TABLEC.4-17(a) (continued) 

Non-carcinogmic Harrud 

1 ME-06 
4.69E-07 
3.98E47 
3.22E-07 
6.78E07 
3 .WE47 
1 .OS= 
6.26E-08 

Total Pathway: O.OE+OC 

1 S6E-07 1 .OE-08 
6.60E36 4.3E-07 5.5E-07 7.8E-01 
7.32E-06 4.7E07 
1.82E-06 1.2E-07 
1.04E-08 6.7E10 
1.04E-08 6.7E-10 

FEMP-OU024DRAFT 
-29, 1994 

Total - 

7.8E-01 

I 
Total Pathway: 7.8E-01 7.8E-01 

Total Rad + Chem 7.8E-01 T o d :  7.8E-01 

l A c \ c R U 2 p S ~ Q \ S p S I ~ . x L s W l Y ~ ,  4 3 6  PM 
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TABLE C.4-l7(a) 
SOUTHFIELD 

OFF'-PROPERTY FARMER SURFACE SOIL 
on-site Disposal 

Gwcinogm'c Risk 

8.1 1E-07 9.4EM 6.6E-10 6.2E-11 
7.05E-07 8.2EM 7.8E-08 6.4E49 
4.09E-06 4.7-1 2.9E-08 1.4E-08 
3.65846 4.2E-01 2.8E-08 1.2E-08 
2.17E-05 2.5E+00 2.6E-08 6.5E-08 

Total Pathway: 2.1E-07 

5.26E-06 3.4E-07 1.5E+00 5.1E-07 
2.968-07 1.9E-08 8.4E+00 1.6E-07 
1.05E-05 6.8E-07 4.1E+01 2.8E-05 
8.40E-05 5.48-06 
2.20E-06 1.4E-07 6.1E+00 8.7E-07 
1.97E-08 1.3E-09 
1.01E-08 6.5E-10 

0 5 m 4  

- Total 

5.2E-09 
9.7E- 10 
6.2E-1 I 
6 . 4 E h  
1.4E-08 
1.2E-08 
6.5E-08 
3.3E-09 
1 .OE-07 

5.1E-07 
1.6E-07 
2.8E-05 

8.7E-07 

Total Pathway: 2.9E-05 

Total Rad + Chem 3.0E-05 To&: 3.0E-05 



TbLJX.Qll(a) (continned) 

Non-carcinogenic Hazard 
RadiationHazard 

Inhalation of ParticulateelSoil 
Comound onc'ninAir~oCim3 

NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
u-235 
U-238 

1 S6E-06 
2.78- 
8.11E-W 
7.05E-07 
4.09E-06 
3.65E-06 
2.17E-05 
1.13E-06 
1.68E-05 

Total Pathway: O.OE+OO 

1.56E-07 1.OE-08 
6.60E-06 4.3K-07 5.5E-W 7.8E-01 
7.32E-06 4.7E-W 
1.82E-06 1.2E-07 
1.04E-08 6.7E-10 

0.00E+OO O.OE+OO 

Total Pathway: 7.8E-01 

FEMP-OU024DRAFT 
April 29. 1994 

7.8E-01 

7.8E-01 
TotalRad + Chem . 7.8E-01 To&: 7 . 8 M 1  

a -  



F E M P - O U 0 2 4 D W  
April29, 1994 

350 4 
TABLE C.4-17b) 
SOIJTFIFIELD 

ConsolidatiodContaiment 
OFF-PROPERTY FARMER: HOME GROWN PRODUCE (DUST AFFECTED) 

IngestiodHomegrown Produce 
Comoound Conc'n in Plants (oCi/kg) - Intake Risk 

Curcinogenic Risk 
I Radiatinn Risk 1 

- Total 

CS-137 0.00E+00 O.OE+OO 2.8E-1 I 
NP-237 5.72E-04 8.5E-01 2.2E-10 
RA-226 1 .RE44 2.6E-01 1.2E-10 
RA-228 1.47844 2.2E-01 1 .OE-10 
TH-228 1.19E-04 1.8E-01 5.5E-11 
TH-230 2.47E-04 3.7E-01 1.3E-11 
TH-232 l.10E-04 1.6E-01 1.2E-11 
u-234 4.02E-04 6.0E-01 1.6E-11 

I I 
Total Pathway: 2.9E-10 

O.OE+OO 
1.9E-10 
3.1 E- 1 1 
2.2E- 1 1 
9.8E-12 
4.8E- 12 
2 .OE- 12 
9.68-12 

Chemical Risk 
IngestiodHomegrown Produce 

Comvound Conc'n in Plants (mg/k& - Intake !Z& 
Arsenic 1.40E-06 1.2E-09 1.8E+00 2.0E-09 
Beryllium 5.85E-08 4.9E-11 4.3E+00 2.1E-10 
Chromium 2.45E-06 2.1E-09 

Aroclor 1260 0.00E+00 O.OE+OO 7.7E+00 O.OE+OO 
Aroclor 1254 3.90E-09 3.3E-12 7.7E+00 2.5E-11 

Total Pathway: 2.38-09 
Total Rad + G e m  2.6E-09 

2.33E-05 3.5E42 1.6E-11 5.6E-13 
5.11E-04 7.6E-01 2.8E-11 2.1E-11 

O.OE+W 
1 . 9 ~ 4 0  
3.1E-11 
2.2E-11 
9.8E-12 
4.88-12 
2.OE-12 
9.6E-12 

5.6E-13 
2.1E-11 

I 

2.OE-09 
2.1E-10 

2.5E-11 
O.OE+OO 

To&: 2.6E-09 



F E M P - O U 0 2 4 D W  
April29, 1994 

O.OE+OO O.OE+OO 
5.7E-04 8.5E-01 
1.- 2.6E-01 
1.5E-04 2.2E-01 
1.2E-04 1.8E-01 
2.5E-04 3.7E-01 
l.lE-04 1.6-1 
4.0E-04 6.0E-01 
2.3-5 3.5E-02 
5.1- 7.6E-01 

I 
Total Pathway: O.OE+O( 

1.4E-06 1.2E-09 3.0E-04 3.9E-06 

2.5- 2.1E-09 5.0E-03 4.1E-07 
3.9- 3.3E-12 

5.8E-08 4.9E-11 5.0E-03 9.8E-09 
3.9E-06 
9.8E-09 
4.1-7 

Total Pathway: 4.3E-06 
TotalRad + Chem 4.3E-06 Total: 4.3E-06 

888293 

JAC\CRU2FSMBQ\SVGOPD.XLS\4/13/W: 956  Ah4 
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Chemical Risk 
IngestiodHomegrown Produce 

Compound Conc'ninPlants (ma/kg) m Risk 
Arsenic 1.97E46 1.6E49 1.8E+00 2.9M9 

Chromium 3.90E-06 3.3E-09 
Beryllium 1.06E-07 8.8E-11 4.3E+00 3.8E-10 

Aroclor 1254 7.11E-09 5.9E-I2 7.7E+00 4.6E-11 
Aroclor 1260 3.64E-09 3.OE-12 7.7E+00 2.3E-11 

TABLE C.417(b) 
SOUTHFIELD 

OFF-PROPERTY FARMER: HOME GROWN PRODUCE OUST AFFECTED) 
OnSite Disposal 

oucinogenic Risk 
RadiationRisk 

IngestiodHomegrown Produce 
Compound Conc'n in Plants (oCi/kg) m 

CS-137 6.77E-05 1 .OE-01 2.8E-11 2.8E-12 
NP-237 6.02E-04 9.0E-01 2.2E-10 2.OE-10 
RA-226 1.00M3 1.5E+00 1.2E-10 1.8E-10 
RA-228 3.02E-04 4.5E-01 1.OE-10 4.5E-11 
TH-228 2.58E-04 3.8M1 5.5E-11 2.1E-11 
TH-230 , 1.47E-03 2.2E+00 1.3E-11 2.8E-11 
TH-232 1.31E-03 2.OE+00 1.2E-11 2.4E-11 
u-234 7.81E-03 1.2E+01 1.6E-11 1.9E-10 
u-235 4.06E-04 6.1E-01 1.6E-11 9.7E-12 
U-23 8 6.04E-03 9.OE+00 2.8E-11 2.SE-10 

Total Pathway: 9.5E-10 

2.9E-09 
3.8E-10 

4.6E-11 
2.3E-11 

550 4 

- Total 

2.8E- 12 
2.OE-10 
1.8E-10 
4.92-11 
2.1E-11 
2.8E-11 
2.4E-11 
1.9E-10 
9.7E-12 
2.5E-10 

JAC\CRUZVS\ABQ\SVGOPPSD.XISW113/W: 1O:Ol AM 
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TABLE C.4-17b) (continued) 

OnsaeDispOsal 

Comuound Conc'n in Plants b C i g )  
-137 6.8E-05 
NP-237 6.0E-04 
RA-226 1 .OE-03 
RA-228 3 . O M  
TH-228 2.6E-04 
TH-230 , 1.5M3 
TH-232 1.3E-03 
u-234 7.8E-03 
u-235 4.1E-04 
U-238 6.0E-03 

Noncarcinogenic Harard 

I RflctiatianBazard 
IngestiodHomegmwn Produce 

- Intake RtDlo) && 
1 .OE-01 
9.0E-01 
1 .5E+OO 
4.5E-01 
3.8-1 

2.2E+00 
2.OE+00 
1.2E+01 
6.1E-01 
9.OE+00 

I 
Total Pathway: O.OE+OO 

Ch&Eazard 

2.0E-06 1.6E-09 3.0E-04 5.5M6 

Chromium 3.9E-06 3.3E-09 5.0-3 6.5E-07 
Beryllium l . l M 7  8 . 8 ~ 1 1  5.0-3 i . s ~ a  

5.5E-06 
1.8E-08 
6.5E-07 

Aroclor 12 7.1- 5.9E-12 
Aroclor 12 3.6E-09 3.OE-12 

Total Pathway: 6.1E46 
Total Rad + Chem 6.1E-06 To&: 6.1E-06 

JAC\CRU2PS\ABQ\SVWPPSD.XISW113/W: 1O:Ol AM 
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TABLE C.418(c) 

SOUTH FIELD: EOME GROWN PRODUCE @UsT AFFECTED) 
Consolidation/Con&bnent 

FUTURE ON-PROPERTY FARMER (RME VALUES 

Carcinogenic f i k  
RadiationRkk 

IngestiodHomegrown Pmduce 
Comound Conc'n in Plants (&ilk& Intake a Risk 

CS-137 
NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
u-235 
U-23 8 

1 I 
Total Pathway: 4.3E-09 

0.00E+00 O.OE+OO 
9.08E-03 1.4E+01 
2.06E-03 3.1E+00 
1.87E-03 2.SE+00 
1.55E-03 2.3E+00 
2.79E-03 4.2E+00 
1.42E-03 2.1E+00 
5.79M3 8.7E+00 
3.51E-04 5.2E-01 
7.44E-03 l.lE+Ol 

2.sE-11 
2.2E-10 
1.2E-10 
1.OE-10 
5.5E-11 
1.3E-11 
1.2E-11 
1.6E-11 
1.6E-11 
2.8E-11 

O.OE+OO 
3 .OE-09 
3.7E-10 
2.8E-10 
1.3E-10 
5.4E-11 
2.6E-11 
1.4E-10 
8.4812 
3.1E- 10 

1.58E-05 1.3E-08 1.8E+00 2.3E-08 

3.24E-05 2.7E-08 
1.04E-05 8.7E49 7.3E+00 6.4E-08 

9.25E-07 7.7E-10 4.3E+00 3.38-09 

6.19E-08 5.2E-11 7.7E+00 4.OE-10 

O.OE+OO 
3 .OE49 
3.7E-10 
2.SE-10 
1.3E-10 
5.4E-11 
2.6E-11 
1.4E-10 
8.4812 
3.1 E-10 

2.3E-08 
3.3E-09 

6.4E-08 
4.OE-10 

I 
- TotalPathway: 9.1E-08 
Total Rad + Chem 9.5E-08 TotnI: 9.SE-08 

5 5 0  4 
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TABLE C.Qlll(c) (contimed) 
FUTURE ON-PROPERTY FARMER CRME VALUES) 

SOUTH FIELD: HOME GROWN PRODUCE @Urn AFFECTED) 
C O ~ ~ n / C O ~ n t  

Nonurrcrirogenicazard 
RadiationElazard 

IngestiodHomegrown Roduce 
Comound Conc'n in Planta (vCi/kg) - Intake RfDo 

CS-137 O.OE+OO 
NP-237 9 . l W  
RA-226 2.1E-03 
RA-228 1.9E-03 
TH-228 1 .6M3 
TH-230 2 . 8 W  
TH-232 1.4E-03 
u-234 5.8E-03 
u-235 3 3E-04 
U-23 8 7.4E-03 

Total Pathway: O.OE+OC 

- Total 

1 .6M5 1.3M8 3.0E44 4 . 4 M 5  4.4E-05 
9.3E47 7.7E-10 S.0E-03 1.5E-07 I SE-07 
3.2E-05 2.7E-08 3.0E43 O.OE+OO 
1.OMS 8.7E49 
6 .2M8 5.2E-11 

Total Pathway: 5.0E-05 
Total Rad + Chem 5.0E-05 

. .  

J A C \ C R U Z F S ~ Q \ S W G . ~ ~ I l 3 / ~ :  11:33 AM 
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Aroclor 1254 1.12E-07 9.3E-11 7.7E+00 7.2E-10 

TABLE C.4-18(c) 

SOUTH FIELD: HOME GROWN PRODUCE (DUST AFFECTED) 

carcinogenic Risk 

FUTURE ON-PROPERTY FARMER (RME VALUES) 

on-site Disposclr 

RadmmnRiSL 
IngestiodHomegrown Produce 

Comuound Conc'n in Plants (DCi/kg) Intake && 

. .  

7.2E-10 

CS-137 
NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
u-235 
U-238 

1.45E-03 
9.53E-03 
1.98E-02 
4.84E-03 
4.27E-03 
2.92E-02 
2.70EM 
1.63E-01 
8.458-03 
1.24E-01 

2.8E-11 
2.2E-10 
1.2E-10 
1 .OE-10 
5.5E-11 
1.3E-11 
1.2E-11 
1.6E-11 
1.6E-11 
2.8E-11 

I 
Total Pathway: 

6.1E-11 
3.1E49 
3.5E-09 
7.2E-10 
3.5E-10 
5.z-10 
4.8E-10 
3.9E49 
2.OE-10 
5.2E-09 

1.8E-08 

ChcsnicaIRisk 
InmmiodHomemwn Produce 

6.1E-11 
3.1E-09 
3.5E-09 
7.2E-10 
3.5E-10 
5.7E-10 
4.8E-10 
3.9E-09 
2.OE-10 
5.2E-09 

Compound Conc'nin Plants (mg/kg) 
Arsenic 2.37E-05 2.0E-08 1.8E+00 3.5E-08 
Beryllium 1.68E-06 1.4E-09 4.3E+00. 6.0E49 
U-TOTAL 6.22E44 5.2E-07 
Berw(a)pynne 1.24E-05 1.0E-08 7.3E+00 7.5E-08 

3 SE-08 
6.0E-09 



,;. . - 1. TABLE CA18(c) (anhoed) 
FUTURE ON-PROPERTY FARMER (RME VALUES) 

on-site Lxsposal 

CS-137 
NP-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
U-235 
U-23 8 

Noncarcinogenic Hazard 
Radiafion Eazard 

IngentionlHomepwn Produce 
Conmound Conc'n in Manta bCi/k& [ntaLe RfDo Hazard 

1 S E 4 3  
9.5E-03 
2.0E-02 
4.8-3 
4.3-3 
2.9E-02 
2.7E-02 
1.6E-01 
8.5E-03 
1.2-1 

I 
Total Pathway: O.OE+O( 

FEMP-OU024DRAFT 
Aprii 29, 1994 

- Total' . 

6.2E44 5.2-7 3.0-3 

Total Pathway: 7.5E-05 
Total Rad + Chem 7.5E-05 Total: 7.5E-05 

6.6E-05 
2.8E-07 

O.OE+OO 
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TABLE C5-16(a) 
INACTIVE FXYASH PILE: SOIL 

Alternative 3/4/5/6/7/8 
OFF-PROPERTY FARMER 

cO&gcnic Rirk 

I RadiationRisk I 
~~ 

Inhalation of ParticulatdSoil 
Comound Conc'nin Air (pCilm3) 

NP-237 8.14E-08 9.4E-03 2.9E-08 2.E-10 
RA-226 4.32847 5.0E-02 3 .OE49 1 SE-10 
RA-228 2.82E-07 3.3E-02 6.9E-10 2.3E-11 
TH-228 2.638-07 3.0E-02 7.8E-08 2.48-09 
TH-230 8.87E-07 1.OE-01 2.9E-08 3.OM9 
TH-232 2.31E-07 2.7E-02 2.8E-08 7.5E-10 
u-234 4.58E-07 5.3E-02 2.6E-08 1.4E49 

u-238 5.80847 6.7E-02 5.2E-08 3.5E-09 
Total Pathway: 1.2E-08 

u-235 3.30E-08 3.8E-03 2.5E-08 9.6E-11 

ChemiEalRhk 
Inhalation of Particulates/Soil 

Cornvound Conc'n (rndm3 
Arsenic 2.70E-06 1.7E-07 1.5E+01 2.6E-06 
Beryllium 3.83E-07 2.5E-08 8.4E+00 2.1E-07 
U-TOTAL 2.51E-06 1.6E-07 

550 

- Total 

2.7E-10 
1 SE-10 
2.3E-11 
2.4E-09 
3 .OE-09 

1.4E-09 
7.5E-10 

9.6E-11 
3 SE-09 

2.6E-06 
2.1E-07 

Total Pathway: 2.9E-06 

Total Rad + Chem 2.9E-06 

4 
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TABLE C5-16ta) (continued) 

Non-catcinogcnic H a r d  

RamnbnaEIaLsrd 
Inhalation of ParticulatedSoil 

. .  

Compound Conc'ninAir(oCilm3) Hazard 
NP-237 8.14E-08 
RA-226 4.32E-07 
RA-228 2.82E37 
TH-228 2.63E-07 
TH-230 8.87E-07 
TH-232 2.31E-07 
u-234 4.58E-07 
u-23s 3.30M8 
U-238 5.80E-07 

Totat Pathway: O.OE+O( 

ChemiePlHazard 
Inhalation of ParticulatedSoil 

Intake Rfi)ci) Hazard Compound Conc'n (mdm3) - 
Arsenic 
Beryllium 
U-TOTAL 

2.70E46 1.7E47 
3.83E-07 2 . 5 M 8  
2.51M6 1.6-7 

L I 
Total Pathway: O.OE+OO 

O.OE+OO 
Total Rad + Chem O.OE+OO To&: O.OE+W 
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TABLE C5-16(b) 

: 6 5 0 4  
INACTIVE FLYASE PILE 

OFF-PROPERTY FARMER: HOMEGROWN PRODUCE @Urn AFFECTED) 
Alternative 3/4/5/6/7/8 

Gadnogenic Rirk 

RadmmnRiSk 
IngestiodHomegrown Produce 

Comoound Conc'nin PlantabCilk@ 

. .  

CS-137 
Iw-237 
RA-226 
RA-228 
TH-228 
TH-230 
TH-232 
u-234 
u-235 
u-23 8 

O.OE+OO 

1.51E-07 2.3E-04. 
2 . 9 2 ~ 4 ~  4 . 4 ~ 4 5  

9 . 8 7 ~ 4 ~  1 . m ~  
9.13~-0a 1 . 4 ~ 4 4  
3.0a~-07 4 . 6 ~ 0 4  
8.05E-08 1.2E-04 
1.59E-07 2.4E-04 
1.15E-08 1.7E-05 
2.01E-07 3.0E-04 

2 . 8 ~ 1 1  
2.2E-10 
1.2E-10 
1 .OE-lO 
5%-11 
1.3E-11 
1.2E-11 
1.6E-11 
1.6E-11 
2.8E-11 

O.OE+OO 
9.6E- 1 5 
2.7E-14 
132-14 
7.5815 
6.0E- 15 
1.4E-15 
3.8515 
2.7E-16 
8.4E- 1 5 

- Total 

O.OE+OO 
9.6E- 1 5 
2.7E-14 
1 SE-14 
7.5E-15 
6.OE-15 
1.4E-15 
3 . 8 ~ 1 5  

a . 4 ~ -  1 5 
2.E-16 

1 I 
Totel Pathway: 4.4E-14 

9.52E-07 8.OE-10 1.8E+00 1.4E49 1.4E-09 

I I 
Totel Pathway: 1.9E-09 

Total Rad + Chem 1.9E-09 



TABLE C5-16(b) (continued) 

Noncarcinogenic Hazard 

1 SE-07 
9.9E-08 
9.1E-08 
3.1E-W 
8 . 1 M 8  
1.6E-07 
l.lE-08 
2.0E-07 

F E M P - O U 0 2 4 D W  
April 29, 1994 

I 
Total Pathway: O.OE+O( 

9.5E-07 8.0E-10 3 . 0 W  2.7E-06 2.7E-06 
1.3EM l.lE-10 5.OE-03 2.2E-08 2.2E-08 
8.7E-W 7.3E-10 3.OEM 

I I 
Total Pathway: 2.7E-06 

Total Rad + Chem 2.7E-06 Total: 2.7E-06 

JAC\CRU2FS\ABQUFVOOP.~\4/13/~ 9 3 4  AM 
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DERIVATION OF PRELIMINARY REMEDIATION GOALS 
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A.III 

A.III-1 

A.III-2 

A.III-3 

A.III-4 

A.III-5 

A.III-6 a A.III-7 

A.III-8 

A.III-9 

TABLE OF CONTENTS 

Methodology 

A.III-1 Background/Current Risk Basis of Preliminary Remediation Goals 

A.III-2 Quantitative Derivation of Preliminary Remediation Goals 

TABLES 

Air Concentrations and Deposition Rates: Active Flyash Pile 

Air Concentrations and Deposition Rates: South Field 

Air Concentrations and .Deposition Rates: Inactive Flyash Pile 

Air Concentrations and Deposition Rates: Solid Waste Landfill 

Air Concentrations and Deposition Rates: Lime Sludge Ponds 

Preliminary Remediation Goals: Active Flyash Pile 

Preliminary Remediation Goals: South Field 

Preliminary Remediation Goals: Inactive Flyash Pile 

Preliminary Remediation Goals: Solid Waste Landfill 

A.III-10 Preliminary Remediation Goals: Lime Sludge Ponds 

A.III- 1 1 Active Flyash Pile. Future Expanded Trespasser. Soil 

A.1II-12 Active Flyash Pile. Future Off-Property Farmer. Surface Soil/Air 

A.1II-13 Active Flyash Pile. Future On-Property Farmer. Surface Material 

A.III-14 Active Flyash Pile. On-Property Farmer. Homegrown Produce 

A.III-15 Active Flyash Pile. On-Property Farmer. Beef/Milk 

A.III-16 South Field. Future Expanded Trespasser. Soil 

A.III-17 South Field. Future Off-Property Farmer. SoiVAir 

A.III-18 South Field. Future Off-Property Farmer. Soil 

A.III-19 South Field. Future Off-Property Farmer. Homegrown Produce 

A.III-20 South Field. Future Off-Property Farmer. Beef/Milk 

A.III-21 Inactive Flyash Pile. Future Expanded Trespasser. Soil 

A.III-22 Inactive Flyash Pile. Future Off-Property Farmer. SoiVAir 

JACCRU2FSUTT3FS.WP5; 04/15/94; 12:50 
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A.III-23 Inactive Flyash Pile. Future On-Property Farmer. Soil 

A.III-24 Inactive Flyash Pile. Future On-Property Farmer. Homegrown Produce 

A.III-25 Inactive Flyash Pile. Future Onhoperty Farmer. Beef/Milk 

A.III-26 Solid Waste Landfill. Future Expanded Trespasser. Soil 

A.III-27 Solid Waste Landfill. Future Off-Property Farmer. SoiVAir 

A.III-28 Solid Waste Landfill. Future On-Property Farmer. Soil 

A.III-29 Solid Waste Landfdl. Future On-Properly Farmer. Homegrown Produce 

A.III-30 Solid Waste Landfill. Future On-Property Farmer. Beef/Milk 

A.III-31 Lime Sludge Ponds. Future Expanded Trespasser. Soil 

A.III-32 Lime Sludge Ponds. Future Off-Property Fanner. SoillAir 

A.III-33 Lime Sludge Ponds. Future On-Property Farmer. Soil 

A.1II-34 Lime Sludge Ponds. Future On-Property Farmer. Homegrown Produce 

A.III-35 Lime Sludge Ponds. Future On-Property Farmer. BeefMlk 

FIGURES 

Figure A.III- 1 

Figure A.III-2 Sample Intake/Risk Calculations 

Sample Air ConcentrationDeposition Conversion Calculations 

- 
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A.III PRELIMINARY REMEDIAL GOAL METHODOLOGY 

A.III-1.1 Background /Current Risk Basis of PRGs 

Preliminary Remediation Goals (PRGs) are calculated in accordance with Fernald Risk Assessment Policy No. 94- IS: 

"Preliminary Remediation GoalProposed Remedial Levels Development" (February 10.1994) and the "Draft Policy 

Paper on Development of Remedial Goals" (January 11, 1994). PRGs calculated prior to March 24, 1994 are not 

valid and should not be used in developing remedial actions for Operable Unit 2 (OU2). 

Based on human health risks and hazards established in the Baseline Risk Assessment (BLRA) for OU2 (February 

18, 1994), contaminants of concern (COCs) were identified for receptors contacting contaminated soils or surface 

materials for each subunit at OU2. COCs are those contaminants which pose a carcinogenic risk of 1.0 x lo6 or 

greater: or result in a non-carcinogenic hazard equal to or greater than 0.2 and therefon: may warrant remedial action. 

COCs are subunit-, medium- and receptor-specific, Le. COC selection is dependent on the specific source medium 

to which the receptor is exposed, the route of exposure, and the location at which exposure occurs. For the 

Feasibility Study, PRGs were calculated for a future expanded uespasser receptor, and future on-property and off- 

property farmer receptors since these were the receptors most often associated with potentially unacceptable levels 

of risk in 'the BLRA. 

The method stipulated by Fernald Risk Assessment Policy No. 94-15 to derive PRGs depends on the observed 

relationship between risk resulting from all pathways of exposure involving soil and soil COC concentrations. Thus. 

the relationship between total risk from soil parhways and soil concentrations is a key determinant in the calculation 

of PRGs. Because of this, any changes in parameters or source terms which impact the quantitation of intake and 

thus risk. will also impact PRG derivations. 

JAC\CRUXS\AmFS.WP5; 04/15/94; 1250 a A.III- 1 
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In order to derive PRGs for the Feasibility Study, risks to the expanded trespasser and on- and off-property farmer 

receptors were recalculated. This was done for three reasons. First. stipulated exposure parameter values for 

estimating intake for the expanded trespasser receptor has changed since the February 18, 1994 OU2 BLRA 

submittal. Second, surface souwaste material concentrations for some subunits within OU2 were refined for the 

Feasibility Study report. Third. refinements of assumptions used to estimate air concentrations and dust deposition 

rates for the identified receptors have occurred. For all of these reasons estimates of intake, and thus risk, upon 

which current FS PRGs are based differ slightly from the risk reported in the February 18, 1994 OU2 BLRA. 

For each subunit risk was recalculated for each receptor of concern based on direct and indirect exposure pathways 

using surface soil concentrations for COCs defined in the FS report. FS surface soil concentrations are also used 

to estimate air concentrations and dust deposition rates. Soil and air concentrations are reflected in the concentrations 

columns of the attached risk tables. FS soil exposure pathways are identical to the OU2 BLRA pathways used to 

estimate risk. They are: 

Expanded Trespasser - inhalation of particulates, gases and VOCs 
- ingestion of soil/surface material 
- dermal contact with soil/surface material 
- external radiation from soil/surface material 

Off-Property Farmer - inhalation of particulates, gases and VOCs 

On-Property Farmer - inhalation of particulates, gases and VOCs 
- ingestion of soil/surface material . 

- dermal contact with soiVsurface material 
- external radiation from soil/surface material 
- ingestion of dust affected homegrown produce 

and contaminated beef and milk products 

Exposure parameter values used to recalculate intake and risk for the expanded trespasser, off-property farmer and 

on-property farmer are as listed in the most recent specifications from the Regulatory Programs Group (Fernald Risk 

Assessment Policy 94-11. Revision I, March 1994). These values are as reported in the FS report Section C.2.0. 

JAC\CRUZFS\ATIJFS.WP5; 04/15/94; 1250 
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Parameter values and equations used to estimate COC concentrations in produce, beef and milk are as reported in 

the February 18, 1994 OU2 BLR4. Exposure point concentrations used in the estimation of intake from inhalation 

and from ingestion of contaminated produce, beef and milk impacted by dust deposition for the off-property farmer 

were based on air modeling results supplied by John Pehrson of Fluor-Daniel (modeling results dated 3/2/94 and 

3/4/94) and are listed in Tables A.III-1, A.111-2. A.111-3, A.III-4, A.III-5. Intakes and risks are summarized in the 

tables accompanying the text of this attachment. 

For the current estimates of risk upon which PRGs are based, air concentrations and deposition rates determined by 

John Pehrson of Fluor-Daniel, reflect the following assumptions: 

Off-Property FarmerExpanded Trespasser: Limited Erosion Potential 
85% Vegetative Cover 

On-Property Farmer: Unlimited Erosion Potential 
50% Vegetative Cover 

Air concentrations and deposition rates for the off-property farmer and expanded trespasser under these conditions 

were made available to Jacobs Engineering Group (JEG) March 2, 1994. As of 3/24/94 results were not yet available 

for the specified on-property fanner assumption. Therefore using the air modeling results from March 2, 1994 for 

the unlimited erosion potential, 85% vegetative cover assumption, the following relationship was made to determine 

on-property air concentrations for the on-property farmer assumption listed above. 

eq. 1 

where: [Airfd,] - - Air concentration of COC assuming 50% vegetative cover and 
unlimited erosion potential 

X - - Ratio of 50% vegetative cover to 85% vegetative cover (3.33) 
(unitless) 

[Air,,,] - - Air concentration of COC assuming 85% vegetative cover and 
limited erosion potential 

Deposition rates were calculated using the relationship: 

eq.2 

. .  

JAC\CRU2FS\A'IT3FS.W5: 04/15/94: 12:50 
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where: d&,, = Deposition rate on-property for unlimited erosion potential and 50% 
vegetative cover 

Deposition rate off-property for limited erosion potential and 85% 
vegetative cover 

Ratio of 50% vegetative cover to 85% vegetative cover (3.33) (unitless) 

Ratio of unlimited to limited erosion potential (3.95)(unitless) 

d4&5% = 
* 

X - - 
Y - - 

This ratio approach was taken under the direction of John Pehrson of Fluor-Daniel based on a March 24,1994 phone 

conversation. 

A.III. 1-2. Quantitative Derivation of PRGs 

By summing risk or hazard across all applicable direct and indirect soil pathways, and using the receptors mentioned 

above, COCs are identified for contaminants which pose a risk equal to or above 1 x lo6 or have a hazard index 

of 0.2 or more. This was done on a subunit- and receptor-specific basis. Hence, total risk (TR) for contaminant 

"i" due to direct and indirect soil exposures pathways is calculated in the following manner: 

Expanded Trespasser 

TR = Ingestion Risk + Inhalation Risk + External Radiation Risk + Dermal Contact Risk 

Off-Property Farmer 

TR = Inhalation Risk 

On-Property Farmer 

TR = Inhalation Risk 

+ Ingestion Risk + Ingestion Risk + Soil Ingestion Risk 
Dust Affected Dust Affected 
Produce Animal Products 

+ Ingestion Risk + Ingestion Risk + Soil Ingestion Risk 
Dust Affected Dust Affected 
Produce Animal Products 

By incorporating the above total risk number for each COC for the receptor of interest. the following equation was 

then used to calculate the PRG: 

PRG, = TRL 

JAC\CRU2FSU'IT3FS.W5: 04/15/94; 12: 50 
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EriSkJC,, 

where: PRG, = Preliminary remediation goal for each COC in soil; 

Target risk level: or lo", lo5 or 1C6; or HQ I 0.2. 

Sum of risk from all direct and indirect exposure pathways; and 

T R L =  

Xrisk, = 

c,, - - Concentration of each COC in source medium, i .e. contaminant 
concentration in soil (or the souice term concentration). 

To derive the current PRGs. JEG solved for the concentration term using the specified level of risk of 1 x lo6. The 

resultant PRGs are listed in Tables A.111- 6, A.III-7, A.111-8, A.111-9 and A.111-10. 

In addition, PRGs were calculated for contaminants which did not pose an unacceptable risk to the off-property 

farmer and expanded trespasser receptors. Current soil studies, which demonstrate COC concentrations at varying 

depths, suggest subsurface soil may have higher COC concentrations than surface soil. Hence, PRG calculations for 

contaminants serve as alert values to determine which soil concenuations will exert an unacceptable risk or hazard 

to the off-property farmer and expanded trespasser. 

It is emphasized that these risk-based PRGs are directly related to the ratio of the estimated COC source medium 

concentrations, i.e. soil concentration. In addition, resultant estimates of risk.are based on conservative air dispersion 

modeling results, as well as many other conservative assumptions, e.g. slope factors derived from limited human 

epidemiological studies. Thus they are as inherently "conservative" as the assumptions driving the risk estimates. 

Also note that in the determination of PRGs only direct (Le. ingestion, dermal contact, external ndiation) and indirect 

(Le. inhalation, ingestion of contaminated food ,products) soil exposure pathways were considered. Therefore the 

procedure discussed in this memorandum is intended to allow derivation of PRGs that are protective of receptors 

contacting soil via the aforementioned pathways. These soil PRGs are not intended to be equivalent to soil PRGs 

that are protective of groundwater and should not be interchanged. 

A.III-5 
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APPENDIX D.l  

MODIFIED PRELIMINARY REMEDIATION GOAL DEVELOPMENT 

D. 1.1 INTRODUCTION 

The purpose of Appendix D.l is to present the details of the approach used to determine the Operable 

Unit 2 FS modified soil Preliminary Remediation Goals (PRGs), which are protective of the perched 

groundwater and Great Miami Aquifer groundwater. A modified soil PRG is defined as the 

concentration of a contaminant in soil which is allowed to remain in place above background 

concentrations that will not create a groundwater concentration which exceeds a selected risk-based 

water criteria at the exposure point. A modified soil PRG considers inter-media migration of 

contamination and it is typically developed using a fate and transport model. In contrast, PRGs are 

media specific (i.e., groundwater, soil, etc.) allowable contaminant concentrations. PRG development 

does not consider inter-media migration of contamination and are not developed using fate and 

transport models. Groundwater PRGs are typically used as the criteria at the selected exposure point 

for the development of modified soil PRGs. 

Modified soil PRGs are required to evaluate the two Operable Unit 2 proposed land use scenarios, 

private ownership, and continued federal ownership. For each land use scenario there are potential 

receptors, such as on- and off-property resident farmers and the expanded trespasser. The future land 

use scenario with private ownership evaluates remediation strategies which are protective of the on- 

and off-property resident farmer. The future land use scenario with federal ownership evaluates 

remediation strategies which are protective of the expanded trespasser and the off-property resident 

farmer. 

For each land use scenario, modified soil PRGs can be used to evaluate alternatives for remediation of 

Operable Unit 2 waste units. Engineering analyses can then be completed for each alternative to 

develop final designs for the alternative. A final design for an alternative includes an estimate of 

residual contaminant concentrations to be left in place and an estimate of the contaminant 

concentrations to be remediated. The residual contaminant concentrations would be less than or equal 

to modified soil PRL. A modified PRL is equal to modified soil PRG plus background soil 

concentration. The collective impact of these alternatives can then be evaluated, using a more 
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complex fate and transport model, to ensure that the final design is in compliance with health-based 

criteria . 

D. 1 . 1 . 1  Technical Amroach 

The approach to the fate and transport modeling used for modified soil PRG development is discussed 

within the following subsections. The approach is presented in four subsections including objective, 

two-step approach, model capabilities, and confirmation modeling. 

Obiective 

Modified soil PRLs which are protective of perched and GMA groundwater are required to determine 

the preliminary vertical and horizontal extent of remediation required for a specific land use and 

potential receptor being evaluated for a waste unit and/or the appropriate technologies to be used for 

remediation. Modified soil PRLs can be compared with current soil contaminant concentrations in the 

waste and the underlying geological units of the waste unit to determine the necessary extent of 

remediation. 

The approach to the fate and transport modeling was to conduct modified soil PRG development using 

a screening model in order to evaluate numerous conditions in a time efficient manner. Modified soil 

PRGs were required for the Solid Waste Landfill, Inactive Flyash Pile, South Field and Active Flyash 

Pile waste units since each of these waste units had COCs which had the potential to adversely impact 

groundwater. The Lime Sludge Pond had no COCs which impacted groundwater therefore no 

modified soil PRGs were necessary for this Operable Unit 2 waste unit. 

The COCs which impacted groundwater are listed in the Baseline Risk Assessment, Section 6.3 of the 

Operable Unit 2 RI. The Solid Waste Landfill had COCs which impacted the perched water while 

the Inactive Flyash Pile, South Field and Active Flyash Pile had COCs which impacted the GMA. 

The COCs for each waste unit will be presented in the model input section for the individual waste 

unit. A detailed description of the approach for development for modified soil PRGs which are 

protective of perched groundwater is presented in Section D. 1.1.2, while a description of the 

approach for development modified soil PRGs which are protective of GMA groundwater is given in 

Section D. 1.1.3. 
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Two-SteD Amroach 

A "Two-step Approach" to modified soil PRG development was used for the Operable Unit 2 FS. 

The approach includes developing modified soil PRGs for Operable Unit 2 waste units using a 

screening model and then confirming the cumulative impact of the remedial alternatives which are 

based on modified soil PRGs, with a more complex fate and transport model. The screening model 

used for modified soil PRG development was the ECTran model. This model is described in detail in 

the following subsection. The confirmation modeling to quantify the collective impact of the remedial 

alternatives (i.e., alternatives based on the modified soil PRGs) was performed using the 

ODAST/SWIFI' model. A brief description of the ODAST/SWIFT models' capabilities is given in 

the ODAST/SWIFT Model Confirmation subsection. 

The ECTran model was used for modified soil PRG development because it can evaluate numerous 

fate and transport conditions in a time efficient manner due to the simplified equations used in the 

model. The run time to evaluate one alternative using ECTran, which involves multiple iterations, is 

approximately 3 minutes. The ECTran model is effective for evaluating individual waste unit modified 

soil PRGs, without including the impact of other waste unit's contamination. The ODAST/SWIFT 

model, which takes a considerable amount of time to execute, was used to quantify the residud future 

impact under post-remediation conditions of the waste units. The run time to use the ODAST/SWIFT 

model is almost 27 hours for only one iteration. Multiple iterations are typically required to 

determine an acceptable modified soil PRG, therefore the ODAST/SWIFI' model could not be used 

effectively to develop numerous modified soil PRGs for multiple remedial scenarios. In addition, 

ODAST/SWIFT was not used to verify all modified soil PRGs developed using ECTran since this 

0 

would defeat the purpose of using a simplified, time-efficient model to develop modified soil PRGs. 

The ODAST/SWIFT model also considers the cumulative impact of adjacent waste units, once 

residual contaminant concentrations are determined for the waste units. 

The modified soil PRGs, which were developed using ECTran, are the soil COC concentrations 

which can be left in addition to background COC concentrations. Background soil concentrations can 

be added to modified soil PRGs because background soil concentrations are assumed to have a 

minimal contribution to the liquid phase (dissolved) concentration in the groundwater. The following 
- paragraphs describe the rationale that was-used to support the use of this approach. 0 
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Although the contaminant adsorption/desorption process is usually considered to be reversible in fate 

and transport modeling, in general, the longer a chemical remains adsorbed to the surface of a solid 

the more likely it is to be chemically incorporated into the solid by surface reactions (Le, absorption) 

where it is no longer available for desorption under normal environmental conditions. For example, 

natural uranium that is absorbed to soil is not readily leachable when reacting with rain water, 

therefore background uranium in the soil is a negligible source to the dissolved uranium concentration 

in the groundwater. An indication of this phenomena at the FEMP is the high ratio (i.e., I<d above 

1200 L/kg) between the background solid and liquid phase uranium concentrations. In contrast, 

uranium in the solid waste material and its leachate has a much lower partition coefficient (Le., K, 
below 200 L/kg) and higher mobility in the subsurface environment, when compared to the natural 

background uranium, due to its chemical forms and relatively short contact time with soil. This 

difference between naturallbackground and contaminant uranium is considered in the modified soil 

PRG development process. 

During the modified soil PRG development process, the uranium from the waste material is 

considered the sole source of future groundwater contamination at the FEMP. Therefore, area- 

specific partition coefficients and other geochemical parameters (Le., retardation factor and portion of 

leachable mass) for the contaminant uranium instead of the natural uranium are used in the ECTran 

model for modified soil PRG development. As a result, the modified soil PRGs determined by the 

model represent the acceptable uranium concentration above the background concentration and not the 

total uranium (i.e., the modified soil PRG plus the background concentration). 

The large scale GO/UGMAS model, which was developed by Operable Unit 5 to evaluate 3- 

dimensional contaminant migration in the large coarse-grain material lenses in the glacial overburden, 

was not used for the Operable Unit 2 FS modified soil PRG development. For Operable Unit 2, an 
alternative method was used to quantify the local lateral migration of perched water toward the edge 

of till in the South Field area where the glacial till pinches out and the perched water can vertically 

migrate into the GMA. The HELP model in conjunction with current perched water contours were 

used to estimate the total flow rate of migrating perched water. The HELP model was used to 

estimate the amount of lateral infiltration migrating on top of the till. An average gradient from the 

perched water contours along with an average hydraulic conductivity was used to estimate the flow 

rate in the perched water zone. The HELP model was also used to estimate local vertical infiltration 

rates for the four Operable Unit 2 waste units for which modified soil PRGs were developed. 

FER\CRUZ\FSWFX-D\D-30-94-7Upd 21. 1994 6:45m D-1-4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

-3 



FEMP-OU02-4 DRAFT 
April29, 1994 

ECTran Model CaDabilities and Data Reauirements 

The ECTran model is a groundwater contaminant fate and transport model, implemented in Excel 

4.0@, a registered trademark of Microsoft. ECTran which was developed to support the Remedial 

Investigation/Feasibility Study (RI/FS) processes at the FEMP. The Crystal Ball 3.0 @ add on module 

for Excel, a registered trademark of Decisioneering, Inc., can be used with the ECTran model to 

perform Monte Carlo simulations. The ECTran model is a screening-level model that can be utilized 

to supplement more complex fate and transport models during parameter estimation, risk assessment, 

cleanup goal development, Alternate Concentration Limit (ACL) determination, and stoichastic 

sensitivity analysis. The model is based on straight-forward mass-balances and advection/dispersion 

analytical equations, but can be used to simulate a variety of complex conditions. Earlier versions of 

the ECTran model, which were unnamed and used for sites unrelated to the FEMP, have been 

employed to determine soil cleanup goals, ACLs, cleanup time estimations, and to support baseline 

risk assessments for both CERCLA and RCRA sites in U.S. EPA Regions 111, VI, and X. The types 

of sites for which the earlier versions of ECTran were used include landfill sites, chemical 

manufacturing facilities, and several U.S. Air Force bases. The complete summary of the ECTran 

model’s capabilities, development processes, and the proposed applications of the screening-level 

spreadsheet-based groundwater contaminant fate and transport model are presented in Attachment 

D.l.I of this appendix. 

Highlights of the ECTran model’s capabilities include the following: 

Analytical ldimensional flow and transport model without dispersion in the vadose zone. 

Analytical ldimensional flow and transport model with 2-dimensional dispersion in the 
saturated zone. 

Accepts zone-specific and layer-specific contaminant initial concentrations, decay rates and 
distribution coefficients. 

Can be separately and flexibly applied in any localized source area. 

Age of source can be considered to estimate the current down-gradient concentrations. 

Capability of including an additionahecondary source loading from the glacial overburden 
into the lower unsaturated layer. 

Can be used to consider impacts of pumping and/or containment in the source area on the 
exposure point concentrations. 
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Uses any specified groundwater flow conditions directly. 

Considers contaminated or clean up-gradient groundwater recharge. 

Uses mixing depth concept in the saturated zone instead of the thickness of the entire 
saturated zone in the aquifer. 

Calculates layer-specific and zone-specific contaminant concentrations versus time. 

Presents the output statistically and graphically without the need for post-processing. 

Calculates concentrations at the projected centerline of the contaminant plume at the FEMP 
fence/property line. 

Layer-specific and zone-specific PRGs can be developed using the model. 

The model requires minimal run time so that many scenarios can be investigated. 

The ECTran model inputs include site-specific hydrogeologic and chemical information as well as 

physical information about the site. Hydrogeologic information such as vertical and horizontal 

hydraulic conductivity, hydraulic gradient, porosity, vertical and horizontal groundwater velocities, 

percent saturation, soil density, fraction of organic content, dispersion coefficient and infiltration rate 

are all necessary model inputs. The typical chemical information for model input varies depending on 

the type of chemical to be modeled (Le., radionuclide, organic, or inorganic). For the Operable 

Unit 2 FS the only COCs which impacted the groundwater were radionuclides and organics. The 

typical chemical input for radionuclides includes distribution coefficient (KJ, half-life, specific 

activity, and current soil COC concentrations. Chemical input for organics includes Kd, half-life, and 

current soil COC concentrations. Necessary physical information about the site, which would be used 

as model input, includes the dimensions of the waste unit, detailed description of the waste unit's 

underlying geology, the waste units orientation with respect to groundwater flow, and its distance 

from the selected exposure point. 

ODAST/SWIFT Model Confirmation of the Final Impacts 

The ODAST and improved SWIFT models were used to perform confirmation modeling. The 

confirmation modeling was performed for the selected Operable Unit 2 FS remedial alternatives and 

the results are presented in Appendix D .3. 

1 

2 

- 3  

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2n 

2* 22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

,. .'> .-. ;i.: ::, : 
_..,,.,I.. - ' . '  

' ,  . .. . _.. 

FER\CRU2\FSWPX-D\D-30-94-7\April 21, 1994 6:45= D-1-6 



PEMP-OU02-4 DRAFT 
Aoril29. 1994 

The ODAST/SWIFTLOAD model was used in the Operable Unit 2 FS confirmation modeling to 
0 

define vertical contaminant transport from contaminated soil or perched water to the GMA. The 

ODAST model, which is a subroutine of SWIFTLOAD, evaluates the basic one dimensional analytical 

solute transport equation as a function of seepage velocity, dispersion coefficient, source decay, 

retardation factor, depletion time, and source rate. 

The improved SWIFT model, which was used for the Operable Unit 2 FS, is a revised version of the 

model used for the Operable Unit 2 RI. The model was revised to incorporate the improvements 

specified in the Groundwater Modeling Evaluation Report and Improvement Plan, April 1993. 

Several improvements were made to the SWIFT model and they include: (1) increasing the vertical 

resolution (i.e., more layers), (2) recalibration of the flow and transport portions of the model based 

on the results of the South Plume Pump Test Study and Kriging analysis, respectively, and (3) 

incorporating a larger model area to the south and east to include the Great Miami River and the 

SOWC collections wells. The SWIFT code was used for simulating three dimensional contaminant 

transport in the GMA. The SWIFT code is a fully coupled, transient, 3-dimensional finite difference 

model for groundwater flow and transport through both porous and fractured media. 0 
The Operable Unit 1 confirmation modeling task was performed for the Operable Unit 1 FS. The 

results of modeling showed that the modified soil PRGs based on the ECTran model’s results were 

reasonable but conservative. Residual concentrations after remediation were used to evaluate the 

cumulative impact of the selected alternatives using the ODAST/SWIFT model. The ODAST/SWIFT 

model’s simulated groundwater concentrations were consistently lower for modified soil PRG 

development and cumulative impact modeling. Similar results were also found during the Operable 

Unit 2 FS confirmation modeling task (see Appendix D.3). 
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D. 1.1.2 

Contaminant concentrations in soil layers which overlie the perched groundwater zone must be 

Modified Soil PRGs Which Are Protective of Perched Groundwater 26 

27 

reduced to levels which will not create contaminant concentrations in the perched groundwater which 

exceed health-based standards. Modified soil PRGs are the acceptable soil concentrations which can 

be left in addition to background in the soil layers overlying the perched groundwater zone. Figure 

2a 

29 

30 

D. 1-1 shows the logic used for the development of modified soil PRGs which are protective of 

perched groundwater. 

31 

Modified soil PRG development is influenced by several factors, including. the. ‘ 32 

COCs, future land use scenarios, potential exposure points, remedial alternatives, risk-&yj$,ygt 33 
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criteria, the conceptual model used for representing the waste unit and transport media, and the 
0 

analytical or numerical model used in the modified soil PRG development modeling. Each of these 

factors, which are applicable to the Solid Waste Landfill, are discussed in Section D. 1.2. 

The Solid Waste Landfill source area size used for modified soil PRG development was the actual 

dimensions of the waste unit. The reason for using the actual size is that the source dimensions are 

well defined for the Solid Waste Landfill unlike the other three Operable Unit 2 waste units for which 

modified soil PRGs were developed. Hydrogeologic and geologic information for the Solid Waste 

Landfill were taken from a typical SWIFT grid block used to depict the Solid Waste Landfill and 

were assumed to be applicable for the entire Solid Waste Landfill . 

The approach for using the ECTran model for modified soil PRG development for protection of 

perched groundwater is outlined below: 

Develop the appropriate conceptual model for the Solid Waste Landfill. As part of the 
conceptual model, summarize COC, exposure point, remedial alternative, and risk-based 
water criteria information for the Solid Waste Landfill . 

Determine all of the appropriate ECTran model input for the scenario which is to be 
evaluated and enter data into the model. 

Assign the risk-based water criteria as the acceptable groundwater concentration at the 
selected perched groundwater exposure point in the ECTran model. 

Assuming the source area is at background (Le., no source), use the ECTran model to 
iteratively back calculate the acceptable soil concentrations in the till/glacial overburden 
(i.e, gray clay) so that the perched groundwater concentration does not exceed the risk- 
based water criteria at the perched groundwater exposure point. The acceptable level for 
glacial overburden is constrained by the current soil concentration. In other words, 
modified soil PRGs in the till/glacial overburden will be less than or equal to the current 
soil concentrations. 

Assuming glacial overburden is at the modified PRG concentration developed in step (4), 
use the ECTran model to iteratively back calculate the acceptable soil concentration 
(modified PRG) for waste/fill, so that the perched water concentration does not exceed the 
risk-based water criteria at the exposure point. 

Continue procedure until modified soil PRGs are developed for all Solid Waste Landfill 
COCS. 

D. 1.1.3 Modified Soil PRGs Which Are Protective of GMA Groundwater 
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Contaminant concentrations in soil layers which overlie the GMA must be reduced to levels which 

will not create contaminant concentrations in the GMA groundwater which exceed health-based 

standards. Modified soil PRGs are the acceptable soil concentrations which can be left in addition to 

background in the soil layers overlying the GMA. Figure D. 1-2 outlines the technical approach used 

for the development of modified soil PRGs which are protective of GMA groundwater. 

Modified soil PRG development is influenced by several, factors, including the COCs, potential 

exposure points, remedial alternatives, risk-based water criteria, the conceptual model used for 

representing the waste unit and transport media, and the analytical or numerical model used in the 

PRG development modeling. These factors are discussed in Sections D. 1.3, D. 1.4 and D. 1.5, which 

are the sections which present specific information for the Inactive Flyash Pile, South Field, and 

Active Flyash Pile, respectively. 

The size of the area assumed to be a source for the Inactive Flyash Pile, South Field, and Active 

Flyash Pile waste units during modified soil PRG development was 38 x 38 meters (125 x 125 feet). 

This source size was chosen because it is the same size as the SWIFT grid block used to model the 

GMA. There are several reasons for adopting the SWIFT grid block size and they include: (1) The 

geologic and hydrogeologic information used in the ODASTKWIFT model was available for each 

SWIFT grid block and could be easily obtained and used in the ECTran model; (2) The HELP model 

was used to estimate lateral and vertical infiltration rates for each SWIFT grid block in the Inactive 

Flyash Pile, South Field and Active Flyash Pile areas and these values were used in the ECTran 

model; and (3) In general, each waste unit may include several small source areas which act 

independently and approximating the size of a typical “worst case” single source within a waste unit is 

a reasonable estimation. 

The conceptual model used to describe a waste unit for modified soil PRG development to protect 

GMA groundwater identifies and incorporates the key hydrogeologic characteristics of the vadose and 

saturated zones of the waste unit, COC source information, and factors that control transport of the 

COCs to be modeled. Section 5 and Appendix A.2 of the Operable Unit 2 RI discuss the conceptual 
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models used for the RI contaminant fate and transport modeling for the Inactive Flyash Pile, South 30 

3B 3 

Field and Active Flyash Pile. These conceptual models were also used for the Operable Unit 2 FS 

modified soil- PRG development modeling. A general description of the vadose zone portion of the 

conceptual model used for the Operable Unit 2 FS is presented within this section to help describe the 33 
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cases selected for modified soil PRG development. Conceptual models for each waste unit (Le., 

Inactive Flyash Pile, South Field, and Active Flyash Pile) are presented later in each appropriate 

waste unit subsection. 

The conceptual model for vadose zone transport is highly dependent upon the available vertical 

drainage pathways through each waste unit. Section 5.4.2.2, Vadose Zone Modeling, of the Operable 

Unit 2 RI presents a conceptual model of lateral drainage infiltrating to the unsaturated GMA. Figure 

. D. 1-3 shows the conceptual model of lateral drainage. The model shows that there are several 

pathways for infiltration and perched water to reach the GMA. For areas with glacial overburden/till, 

infiltration can migrate vertically or laterally across the top of the till. From the infiltration that 

migrates vertically, a portion will be intercepted in the perched water zone, while another fraction of 

it will continue to migrate vertically to the GMA. The perched water migrates laterally and 

discharges along the terrace of the till, mixes with the laterally migrating infiltration, and then 

discharges to the GMA in the area with no till. For areas with no till, infiltration migrates vertically 

to the GMA along with the lateral infiltration and perched water from the areas with till. Based on 

these various infiltration pathways, three different conceptual flow models were constructed for the 

three Operable Unit 2 waste units for which modified soil PRGs were developed. 

The first case (Case 1) investigated areas of the waste units where there was no till and flow into the 

area included vertical infiltration, substantial lateral infiltration and perched water from other 

contaminated areas which had significant amounts of till. 

Flyash Pile, Inactive Flyash Pile, and South Field were typical Case 1 areas. Figure D. 1-4 shows the 

Case 1 areas. The second case (Case 2) examined the same areas as Case 1 except with the 

assumption that the source material in the Case 1 area was removed and the lateral infiltration and 

perched water discharge into the area was the only source of contamination. The purpose of Case 2 

was to determine the feasibility of removing waste overlying the unsaturated GMA in Case 1 areas 

and not controlling contaminated lateral infiltration and perched water coming from areas with 

The southeastern portions of the Active 

significant till (Le., Case 3). The third case (Case 3) analyzed areas where there is significant till and 

no appreciable lateral infiltration coming in from other areas. The north-western portions of the 

Active Flyash Pile, Inactive Flyash Pile, and South Field were typical Case 3 areas. Figure D. 1-4 

also shows the Case 3 areas. For modified PRG development, several remedial alternatives under 

each future land use scenario created different flow conditions which in turn had to be considered for 

each case (i.e., Case 1, 2, or 3). For the private ownership no ministrative or source controls) dud!,&,% 
FER\CRU~\FSW~-D\D-~O-~~-~MPI% 21, 1994 6r4.5- D-1-12 
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land use, the flow conditions were considered to be as they are currently presented in Figure D. 1-3. 

However, under continued federal ownership (either administrative or source controls) land use, the 

flow conditions may be significantly different. For example, due to source controls, the perched 

water could be collected and not allowed to migrate laterally, consequently removing it as a migration 

pathway. Another alternative could be to cap an area and reduce vertical infiltration, which in turn 

would reduce the lateral infiltration which could come from the Case 3 area. Modified soil PRGs 

were developed for several combinations of each of these alternatives and a complete summary of all 

the modified PRGs which were developed are presented in each waste unit’s section. 

The approach for using the ECTran model for modified soil PRG development which is protective of 

GMA groundwater is outlined below: 

e 

e 

e 

e 

G O O 4 1 2  

Develop the appropriate conceptual models for the Inactive Flyash Pile, South Field and 
Active Flyash Pile. As part of the conceptual models, summarize COC, exposure point, 
remedial alternative, and risk-based water criteria information for the Inactive Flyash Pile, 
South Field, and Active Flyash Pile . 

Determine all of the appropriate ECTran model input and enter the data into separate 
models; one for the Inactive Flyash Pile, South Field and Active Flyash Pile . 

Assign the appropriate risk-based water criteria as the acceptable groundwater concentration 
at the selected GMA exposure point in the ECTran model. 

Assume that glacial overburdedtill and waste/fill is at background COC concentration, use 
the ECTran model to iteratively back calculate the acceptable soil concentrations in the 
unsaturated GMA (Le., model layer 2) so that the GMA groundwater concentration does 
not exceed the risk-based water criteria at the selected exposure point. Use current 
unsaturated GMA concentrations as the upper limit on the acceptable soil concentrations. 

Assuming the unsaturated GMA is at the modified PRG concentration developed in Step 
(4), use the ECTran model to iteratively back calculate the acceptable soil concentration 
(modified PRG) for glacial overburden/till that the GMA concentration does not exceed the 
risk-based water criteria at the exposure point. The glacial overburdedtill modified soil 
PRG is constrained by the current glacial overburdedtill concentration. 

Assuming the unsaturated GMA and glacial overburden are at the modified PRG 
concentrations estimated in steps (4) and (9, use the ECTran model to iteratively back 
calculate the acceptable soil concentration for the source/waste material so that the GMA 
concentration does not exceed the risk-based water criteria at the exposure point. The 
source waste modified PRG is not constrained by current concentrations. 

Continue this procedure until modified soil PRGs are developed for all Inactive Flyash Pile, 
South Field, and Active Flyash Pile COCs. 
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D.1.2 SOLID WASTE LANDFILL 
0 

1 

The Solid Waste Landfill occupies an approximate irea of 1.5 acres and is located northwest of the 

former Production Area near the center of the FEMP property (see Figure D.l-5). 

describe the fate and transport modeling conducted for the Solid Waste Landfill to develop modified 

2 

The Solid Waste 3 

Landfill was capped with soil and currently has a grassy vegetation cover. The following sections 4 

5 

soil PRGs and summarizes the results. 6 

D. 1.2.1 Conceutual Model 

The conceptual model used to describe the Solid Waste Landfill for modified soil PRG development 

identifies and incorporates the key hydrogeologic characteristics of the waste unit and the underlying 

geologic units, COC source information, and factors that control transport of the COCs to be 

modeled. The following sections describe the conceptual model used for Solid Waste Landfill PRG 

modeling. 

Hvdrogeologic Conditions 

For the Solid Waste Landfill, the conceptualized conditions can be summarized as follows: rainfall 

and surface water infiltrate through the surface of the Solid Waste Landfill, leaching of constituents 

from the source material into the dissolved phase occurs, and the contaminated leachate then 

percolates through the till/glacial overburden (gray clay) to the perched water aquifer. The perched 

groundwater is typically discontinuous under the Solid Waste Landfill and downgradient transport of 

contaminants was not considered. For PRG development this is a conservative approach since the 

closest exposure point, the perched groundwater under the source, will result in the lowest modified 

soil PRGs. Figure D. 1-6 shows the conceptual model for the migration of infiltration from the source 

to the perched groundwater zone at the Solid Waste Landfill. 

Vertical migration of infiltration was the only applicable type of flow for the Solid Waste Landfill. 

Hydrogeologic and geologic data from a SWIIT grid block, which is a three-dimensional finite 
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21 

difference cell in S W m  which has its own hydrogeologic and contaminant transport parameters 

assigned to it, was used to represent the Solid Waste Landfill. 

area was used for PRG modeling. Grid block 51,91 was selected to depict the Solid Waste Landfill 

28 

The actual Solid Waste Landfill source 29 

30 

area for modified soil PRG development. 

Solid Waste Landfill area were the same. 

The infiltration rates for all SWIFT grid blocks for the 

Block 51,91 was selected since it has average till and 

31 0 32 

unsaturated sand and gravel layer thicknesses. This block is highlighted in Figure D. 1-5. 33 
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COCs 

Modified soil PRGs were developed for all Operable Unit 2 COCs which pose a risk through the 

perched groundwater exposure pathway. The Solid Waste Landfill had two COCs which could 

potentially impact perched groundwater, technetium-99 and carbazole. 

Potential Exposure Points 

Due to the discontinuous nature of the perched groundwater zone, the only applicable perched water 

exposure point for modified soil PRG development was the perched water directly below the site (See 

Figure D. 1-6). The potential receptor for the perched water was the on-property resident farmer. 

D. 1.2.2 Remedial Scenarios Evaluated 

For private ownership land use, one potential Operable Unit 2 remedial alternative for the Solid 

Waste Landfill was investigated for modified soil PRG development. The alternative includes 

removal of all contaminated soil above the modified soil PRL concentrations, replacement with clean 

soil, and no capping, (i.e., clean closure). 

D. 1.2.3 Model InDut 

The following sections summarize the data used as input to the ECTran model for Solid Waste 

Landfill modified soil PRG development. A majority of the input was taken directly from the 

Operable Unit 2 RI fate and transport modeling sections. Other input was calculated from data 

presented in the Operable Unit 2 RI or previous reports. 

Hvdrog.eologic Conditions 

Table D. 1-1 shows the general hydraulic parameters and physical dimensions of the Solid Waste 

Landfill. The physical dimensions of the site were taken from the Operable Unit 2 RI and the layer 

thicknesses presented are for the appropriate SWIFT grid block. Table D. 1-2 displays the soil media 

parameters used for the Solid Waste Landfill. All of these soil parameters were taken directly from 

the Operable Unit 2 RI. The Solid Waste Landfill infiltration rates for the No Cap scenario are 

presented in Table D. 1 - 1 .  The no capping infiltration rates were estimated in the Operable Unit 2 RI 

using the HELP model. 
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Parameter 

Length 

Width 

Waste Thickness 

Till Thickness (Source) 

Perched Groundwater Zone Thickness 

5504 1 

Input Value 

261 ft 

175 ft 

10.0 ft 

16.9 ft 

2.5 ft 

TABLE D.l-1 

Soil Media Parameter Till 

Porosity (%) 41 

Bulk Density (g/cc) 1.85 

Organic Content (%) 1.43 

Moisture Content (%) 37 

Saturation 0.90 

HYDRAULIC PARAMETERS AND PHYSICAL DIMENSIONS OF 
SOLID WASTE LANDFILL 

MODIFIED PRG DEVELOPMENT 

Perched Aquifer 

39 

1.60 

0.87 

39 

1 .oo 

Infiltration Rate for No Capping Scenario 11 9.03 in/yr II 
Note: Swift Grid Block - (51, 91) 

TABLE D.l-2 

SUMMARY OF SOIL MEDIA PARAMETERS FOR THE SOLID WASTE LANDFILL 
MODIFIED PRG DEVELOPMENT 
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C&bical Characteristics 

The target risk-based water criteria level (1 x lo") was used for the development of modified soil 

PRGs for the Solid Waste Landfill. The chemical-specific criteria were developed as part of the 

Operable Unit 2 RI Baseline Risk Assessment. The criteria represents a chemical-specific 

groundwater concentration which presents 1 x 10" cancer risk due to the perched groundwater 

exposure pathway. Table D. 1-3 presents a summary of the chemical/geochemical data for the two 

Solid Waste Landfill COCs. Also shown in the table are the target 1 x 10" risk-based water criteria 

used for modified soil PRG development. 

Current COC Concentrations 

Current Solid Waste Landfill soil COC concentrations included concentrations in the source and till. 

Table D.1-4 shows the current COC soil concentrations for the source and till. These concentrations 

were estimated as part of the Operable Unit 2 FS and a description of how the concentrations were 

estimated is presented in Appendix A, Sampling Results for COCs. 

D. 1.2.4 

The ECTran model was not used to estimate current contaminant concentrations in the perched water 

for the Solid Waste Landfill. From the available measurements, technetium-99 and carbazole have 

not been detected in the perched water below the site. Therefore, a comparison of the ECTran model 

results with measurements could not be made. 

Model Verification With Measured Conditions 

D. 1.2.5 Modified Soil PRGs 

Modified soil PRG modeling results for the Solid Waste Landfill include modified soil PRGs which 

are COC, layer-specific and remedial alternative specific. All of the modified soil PRG results are 

presented in Table D . l-5. 

No Controls 

The modified soil PRGs developed for the private ownership (i.e.,no capping, source removal, clean 

closure) scenario with the target 1 x 10" risk-based water criteria are presented in Table D. 1-5. The 

exposure point for these modified soil PRGs was the perched groundwater zone. 
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3 .  

summary 
*, ”A 

? . i:able@. ‘c ., 1-5 summarizes the modified soil PRGs for the Solid Waste Landfill which were developed 
.-.I - 

using the 1 x lod criteria. For technetium-99, vertical source modified soil PRGs range from a 

minimum of 5.38 x 10“ pCi/g (perched water, no cap) to a maximum of 8.45 x 

water, cap). Layer 1 (till) modified soil PRGs for technetium-99 range from a minimum of 2.50 x 

10” pCi/g (perched water, cap) to a maximum of 2.55 x 

carbazole, vertical.source modified soil PRGs range from a minimum of 9.02 x lo-‘ mg/kg (perched 

water, no cap) to a maximum of 9.10 x lo-‘ mg/kg (perched water, cap). The Layer 1 (till) modified 

soil PRG for carbazole is 2.72 x lo5 mg/kg in both cases. These modified soil PRGs suggest that 

remediation of the waste is necessary because their values are significantly below the current 

conditions. 

pCi/g (perched 

pCi/g (perched water, no cap), For 

D. 1.3 INACTIVE FLYASH PILE 

The Inactive Flyash Pile is located approximately 2,000 feet southwest of the former Production Area. 

The pile covers roughly two acres with Paddys Run as the western boundary (Figure D. 1-7). The 

Inactive Flyash Pile and the South Field are contiguous without a clearly defined boundary between 

the two subunits. The following sections describe the fate and transport modeling conducted for the 

Inactive Flyash Pile to develop modified soil PRGs and summarize the results. 

D. 1 -3.1 Conceptual Model 

The conceptual model used to describe the Inactive Flyash Pile for modified soil PRG development 

identifies and incorporates the key hydrogeologic characteristics of the vadose and saturated zones of 

the Inactive Flyash Pile, COC source information, and factors that control transport of the COCs to 

be modeled. The following sections describe the conceptual model used for Inactive Flyash Pile 

modified soil PRG modeling. 

Hvdrogeologic Conditions 

For the Inactive Flyash Pile, the conceptualized conditions can be summarized as follows: rainfall and 

surface water infiltrate through the surface of the Inactive Flyash Pile, leaching of constituents from 

the source material into the dissolved phase occurs, the contaminated leachate migrates laterally or 

percolates vertically to the underlying GMA, lateral infiltration travels horizontally across the till or 

in the perched water zone and eventually discharges into areas with no till and percolates vertically to 

the GMA, and once in the GMA, the contaminants are then transported down-gradient. In addition to 
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the infiltration in the area of the waste unit there is also vertical infiltration in downgradient areas 1 

which affects the contaminant concentrations in the GMA. Vertical infiltration from areas 

downgradient of the waste unit were considered during modeling of transport of COCs to the FEMP 

fence line. This additional infiltration was considered in the ECTran model by increasing the 

effective decay rate in the downgradient area. 

The conceptual model for vadose zone transport is highly dependent upon the available vertical 

drainage pathways through each waste unit. Figure D. 1-8 shows the conceptual model for lateral and 

vertical drainage to the unsaturated GMA at the Inactive Flyash Pile. 

As described in the technical approach, three cases were used to investigate the variety of 

hydrogeologic conditions at the Inactive Flyash Pile. Cases 1 and 2 (i.e., Case 1 area) considered the 

areas without till which have substantial lateral infiltration and perched water inflow rates from 

Case 3 areas. Case 3 considers the area which has till and provides the lateral infiltration and 

perched water to the Case 1 area. Figure D.l-9 shows the lateral drainage patterns for the SWIFT 

grid blocks used to depict the Inactive Flyash Pile. A SWIFT grid block is a three-dimensional finite 

difference cell in SWIFT which has its own hydrogeological and contaminant transport parameters 

assigned to it. Grid block 29,65 was used to depict Cases 1 and 2 for modified soil PRG 

development with no controls. Grid block 30,62 was selected to depict Cases 1 and 2 for modified 

soil PRG development with perched water controls. Grid block 29,66 was used for the Case 3 area. 

These blocks were selected since they have the maximum total infiltration rate (Le., lateral and 

vertical) to the GMA for their particular case. 

COCs 

Modified soil PRGs were developed for all Inactive Flyash Pile COCs which pose a risk through the 

GMA groundwater exposure pathway. Three Inactive Flyash Pile COCs had the potential to impact 

groundwater. The Inactive Flyash Pile COCs include uranium-234, uranium-235/236 and 

uranium-238. 

Potential Exuosure Points 

Two exposure points were used for modified soil PRG development at the Inactive Flyash Pile. Both 
the GMA under the waste unit and the GMA at the FEMP fence line were used as exposure points 
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April 29, 1994 0 Figures D. 1-7 and D. 1-8-show the Inactive Flyash Pile exposure poi& in plan view and cross- 

sectional view, respectively. 

The selection of groundwater exposure points for modified soil PRG development was based on the 

two potential future land use scenarios for the site, namely a private or federal owner. Under private 

ownership there are two potential receptors, the on-property and off-property resident farmers, and it 

is assumed that no administrative or source controls exist to limit access to the GMA. The exposure 

points for these two receptors would be the GMA groundwater under the waste units (GMA under 

waste unit) and the GMA groundwater at the FEMP fence/property line (GMA at FEMP fence line). 

For the federal owner there is one potential receptor, the off-property resident farmer. However, 

unlike private ownership, with federal ownership, administrative or source controls would be 

implemented to limit access to the GMA under the waste units and the only groundwater exposure 

point for this receptor is the GMA at FEMP fence line. 

D. 1.3.2 Remedial Scenarios Evaluated 

For federal ownership, all contaminated material above PRLs will also be remediated, however, 

controls will be used to increase PRL levels which will allow higher levels of contaminated materials 

to be left on-site. Four potential remedial alternatives for the Inactive Flyash Pile were investigated 

for modified soil PRG development. For private ownership, all contaminated material above the 

modified soil PRL concentrations will be replaced with clean soil, and no controls will be 

implemented (i.e., clean closure). The potential controls include: 1) administrative controls to limit 

access to the site, 2) administrative controls, as well as source controls to control perched water, 

and 3) administrative controls and perched water controls as well as capping to limit vertical 

infiltration. An in situ, composite type cap is proposed for the Inactive Flyash Pile. The design 

details for this type of cap are presented in Appendix E. 

D. 1.3.3 Model InDut 

The following sections summarize the data used as input to the ECTran model for Inactive Flyash Pile 

modified soil PRG development. A majority of the input was taken directly from the Operable Unit 2 

RI fate and transport modeling sections. Other input was calculated from data presented in the 

Operable Unit 2 RI or previous reports. 
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Parameter 

Length 
Width 

Till Thickness (Layer 1) 
Unsaturated GMA Thickness (Layer 2) 

Saturated GMA Thickness 
Hydraulic Gradient 

Table D.l-6 shows the general hydraulic parameters and physical dimensions of the Inactive Flyash 

Pile. 'The physical dimensions of the site and the layer thicknesses are presented separately for the 

three appropriate SWIFT grid blocks. The hydraulic gradient and flow distance along the pathline to 

the FEMP fence line were calculated using groundwater contours from 2000-series monitoring wells 

for the months of April 1988 to December 1989. Table D. 1-7 displays the soil media parameters 

used for the Inactive Flyash Pile. All of these soil' parameters were taken directly from the Operable 

Unit 2 RI. The Inactive Flyash Pile infiltration rates and mixing depth information for the No Cap 

and Composite Cap scenarios are presented in Table D. 1-8. The no capping infiltration rates -were 

estimated in the Operable Unit 2 RI using the HELP model. The capping infiltration rates were 

estimated specifically for the Operable Unit 2 FS and they were also calculated using the HELP 

model. Perched water flow rates were estimated from average hydraulic gradients and hydraulic 

conductivities for the perched water zone. These flow rates were added to the lateral infiltration rates 

to determine the total lateral flow rate under no controls. The mixing depth was calculated based on 

an equation presented in the ECTran model development report (Halliburton NUS, 1993) which is 

presented in Attachment D. 1 .I. 

TABLE D.1-6 

Input Value 
Cases 1 and 2 (29,65) Cases 1 and 2 (30,62) -1 

125 ft 125 ft 125 ft 
125 ft 125 ft 125 ft 
0.0 ft 0.0 ft 2.0 ft 
24.1 ft 24.1 ft 32.0 ft 
72 ft 72 ft 72 ft 

6.1 x lo4 ftlft 

2 

3 

~~~ ~ ~~ ~ 

Darcy's Velocity 
Horizontal Seepage Velocity 

4 

142.1 ft/yr 
473.5 ft/yr 
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Distance to FEMP Fenceline 
Downgradient Infiltration Rate 

HYDRAULIC PARAMETERS AND PHYSICAL DIMENSIONS OF INACTIVE n Y A S H  PILE 
MODIFIED SOIL PRG DEVELOPMENT 

1650 ft 
0.698 ft/yr 

19 

20 
21 

11 Horizontal Hydraulic Conductivity 11 638 ftlday I II 

Note: SWIFT Grid Block - Case 1 and 2 (29.65) - No Controls 
Case 1 and 2 (30,62) - Perched Water Controls 
Case 3 (29,66) 
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April29, 1994 0 Chemical Characteristics and Risk-Based Criteria 

Three different risk-based water criteria were used for the development of modified soil PRGs for 

Inactive Flyash Pile. The three individual, chemical-specific cancer risk levels investigated were 1 x 

lo", 1 x 

Risk Assessment. These criteria represent chemical-specific groundwater concentrations which 

present 1 x lod, 1 x and 1 x lod cancer risks due to the groundwater exposure pathway. Table 

D. 1-9 presents a summary of the chemical/geochemical data for the three Inactive Flyash Pile COCs. 

Also shown in the table are the 1 x 10" risk-based water criteria used for modified soil PRG 

development. The 1 x lo5 and 1 x lod risk-based water criteria were calculated by taking 10 and 

100 times, respectively, the 1 x risk-based water criteria. 

and 1 x lod. The criteria were developed as part of the Operable Unit 2 RI Baseline 

Current COC Concentrations 

Current Inactive Flyash Pile COC concentrations, which were required for modified soil PRG 

i 
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10 
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13 

development, included vadose zone soil concentrations. Table D. 1-10 shows the current COC soil 14 

concentrations for the till and unsaturated sand and gravel. These concentrations were estimated as 

part of the Operable Unit 2 FS and a description of how the concentrations were estimated is 

presented in Appendix A, Sampling Results for Contaminants of Concern. 

D. 1.3.4 

Once all input for the ECTran model was finalized, the model was used to estimate current 

groundwater conditions and maximum predicted concenbations for a 1000 year period at the Inactive 

Flyash Pile assuming no remediation. The estimated current and maximum conditions were then 

compared with measured groundwater concentrations presented in the Operable Unit 2 RI. 

Model Verification With Measured Conditions 

The current and maximum conditions were estimated by the ECTran model using the following 

procedure: 

Maximum COC leachate concentrations from the waste material, which were taken from 
the Operable Unit 2 RI, were assumed to be the initial contaminant leachate concentration 
when the waste was placed in the Inactive Flyash Pile approximately 40 years ago. The 
leachate concentrations were held constant for the 1000 year modeling period. 

The groundwater concentrations in Layer 1 ,  Layer 2, GMA under the source, and GMA at 
the fence line due to these leachate concentrations were then calculated using the ECTran 
model. The current modeled conditions were ECTran concentrations for the particular 
layer at 40 years. The maximum modeled conditions were the maximum ECTran 
concentrations for the particular layer for a 1000 year period. 
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c? = >a Three d@erent;c,od~parisons of contaminant groundwater concentrations were made including the 

following: 

Layer 2 ECTran current and maximum modeled conditions versus measured 1000-series 
monitoring well concentrations; 

ECTran modeled current and maximum GMA conditions under the source versus 2000- 
series monitoring well concentrations; and 

ECTran modeled current versus maximum GMA conditions at the FEMP fence line. 

The current contaminant measurements were taken from the Operable Unit 2 RI. Figures D. 1-10 and 

D. 1-1 1 show the locations of the 1000-series and 2000-series wells, respectively, where the minimum 

and maximum Inactive Flyash Pile current COC concentrations were measured. From Figure D. 1-10 

it can be seen that there were no 1000-series wells with COC measurements for the Inactive Flyash 

Pile. From Figure D. 1-1 1 it can be seen that MW 2945 had the maximum COC measurement and 

MW 2401 had the minimum COC measurement. Both of these wells are in the Case 3 area. 

Table D. 1-1 1 shows the type (1) comparison, Table D. 1-12 shows the type (2) comparison, and 

Table D.l-13 shows the type (3) comparison. From the comparisons it can be seen that the ECTran 

model's results are usually conservative but typically close to the range of groundwater 

measurements. 

D. 1.3.5 Modified Soil PRGs 

Modified soil PRG modeling results for the Inactive Flyash Pile include modified soil PRGs which are 

layer specific, case specific, remedial alternative specific, and risk-based water criteria specific. All 

of the modified soil PRG results are presented in Attachment D. 1 .II. The following sections highlight 

the locations of particular modified soil PRGs in Attachment D. 1 .II. 

No Controls 

The modified soil PRGs developed for the no controls scenario with the 1 x lo", 1 x 

risk-based water criteria are presented in Tables D. 1 .II-1 and D. 1 .II-2 in Attachment D. 1 .II. As can 

be seen in the tables, the 1 x 10" modified soil PRGs are below background concentrations. When 

background is added to the modified PRGs to develop PRLs, the PRLs will essentially be at 

background concentrations. The modified PRGs for 1 x 

proportionally. 

and 1 x lo4 

and 1 x lo4 risk levels increase 

0084S5 
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perched ground water controls. Grid blocks 31,63 (Case 3a) and 33,61 (Case 3b) were used for the 

Case 3 area. These blocks were selected since they have the maximum total infiltration rate (Le., 

lateral and vertical) to the GMA for their particular case. Two blocks, 31,63 and 33,61, were chosen 

for the Case 3 area to better represent the'varying till thickness in the South Field area. Block 3 1,63 

has approximately 8 feet of till while block 33,61 has almost 18 feet of till. 

COCs 

Modified soil PRGs were developed for all South Field COCs which pose a risk through the GMA 

groundwater exposure pathway. Three South Field COCs had the potential to impact groundwater. 

The South Field COCs are uranium-234, uranium-239236 and uranium-238. 

Potential ExDosure Points 

Two potential exposure points were used for modified soil PRG development at the South Field. Both 

the GMA under the waste unit and the GMA at the FEMP fence line were used as exposure points. 

Figures D. 1-12 and D. 1-13 show the South Field exposure points in plan view and cross-sectional 

view, respectively. 

The selection of groundwater exposure points for modified soil PRG development was based on the 

two potential future land use scenarios for the site, namely a private or federal owner. Under private 

ownership there are two potential receptors, the on-property and off-property resident farmers, and it 

is assumed that no administrative or source controls exist to limit access to the GMA. The exposure 

points for these two receptors would be the GMA groundwater under the waste units (GMA under 

waste unit) and the GMA groundwater at the FEMP fence/property line (GMA at FEMP fence line). 

For the federal owner there is one potential receptor, the off-property resident farmer. However, 

unlike private ownership, with federal ownership, administrative or source controls would be 

implemented to limit access to the GMA under the waste units and the only groundwater exposure 

point for this receptor is the GMA at FEMP fence line. 

D. 1.4.2 Remedial Scenarios Evaluated 

Four potential remedial alternatives for the South Field were investigated for modified soil PRG 

development. For private ownership, all contaminated soil above the modified soil PRL 

concentrations will be removed and replaced with clean soil, and no controls will be implemented 

(i.e., clean closure). For federal ownership, all contaminated material above PRLs will also be 
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remediated, however, controls will be used to increase PRL levels which will allow higher levels of 

contaminated material to be left on-site. The potential controls include: 1) administrative controls to 

limit access to the site; 2) administrative controls as well as source controls to control perched water; 

and 3) administrative controls, perched water controls, as well as capping to limit vertical infiltration. 

An in situ, composite type cap is proposed for the South Field. The design details for this type of 

1 

2 

3 

4 

5 .  

cap are presented in Appendix E. 6 

7 

D. 1.4.3 Model Inuut 8 

9 The following sections summarize the data used as input to the ECTran model for South Field 

modified soil PRG development. A majority of the input was taken directly from the Operable Unit 2 

RI fate and transport modeling sections. Other input was calculated from data presented in the 

- 
10 

11 

Operable Unit 2 RI or previous reports. 

Hvdrogeologic Conditions 

Table D. 1-14 shows the general hydraulic parameters and physical dimensions of the South Field. 

The physical dimensions of the site and the layer thicknesses are presented separately for the four 

appropriate SWIFT grid blocks. The hydraulic gradient and flow distance along the pathline to the 

FEMP fence line were calculated using groundwater contours from 2000-series monitoring wells for 

the months of April 1988 to December 1989. Table D. 1-15 displays the soil media parameters used 

for the South Field. All of these soil parameters were taken directly from the Operable Unit 2 RI. 

The South Field infiltration rates and mixing depth information for the No Cap and Composite Cap 

capping scenarios are presented in Table D. 1-16. The no cap infiltration rates were estimated in the 

Operable Unit 2 RI using the HELP model. The capping infiltration rates were estimated specifically 

for the Operable Unit 2 FS and they were also calculated using the HELP model. Perched water flow 

rates were estimated from average hydraulic gradients and hydraulic conductivities for the perched 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

water zone. These flow rates were added to the lateral infiltration rates to determine the total lateral 26 

flow rate under no controls. The mixing depth was calculated based on an equation presented in the 27 

ECTran model development report (Halliburton NUS, 1993) which is presented in Attachment D. 1 .I. 28 

29 

Chemical Characteristics and Risk-Based Criteria 30 

Three different target risk-based water criteria were used for the development of modified soil PRGs 

for South Field. The three individual, chemical-specific cancer risk levels investigated were 1 x 

31 

32 

1 x and 1 x lo4. The criteria were developed as part of the Operable Unit 2 RI Baseline Risk 33 

60053.8 
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TABLE D.1-14 

HYDRAULIC PARAMETERS AND PHYSICAL DIMENSIONS OF SOUTH FIELD 
2 

3 

MODIFIED SOIL PRG DEVELOPMENT 

Till Thickness 
(Layer 1) 

Unsaturated GMA 
Thickness (Layer 2) 

Saturated GMA 
Thickness 

Hydraulic Gradient 5.7 x lod ft/ft 

Horizontal 
Hydraulic 

Conductivity 

Darcy's Velocity 11 132.7 ft/yr 
~~~~ 

442.5 ft/yr ll Horizontal Seepage 
Velocity 

1600 ft II Distance to FEMP 
Fenceline 

0.698 ft/yr ll Downgradient 
Infiltration Rate 

125 ft 

17.7 ft 

31.8 ft 

Note: Swift Grid Block - Case 1 and 2 (30,61) - No Controls 
Case 1 and 2 (30,57) - Perched Water Controls 
Case 3A (31,63) 
Case 3B (33,61) 
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Assessment. These criteria represent chemical-specific groundwater concentrations which present 1 x 

lo“, 1 x 10” and 1 x lo4 cancer risks due to the groundwater exposure pathway. Table D.1-17 

presents a summary of the chemicallgeochemical data for the three South Field COCs. Also shown in 

the table are the 1 x 10“ risk-based water criteria used for modified soil PRG development. The 1 x 

10” and 1 x lo4 risk-based water criteria were calculated by taking 10 and 100 times, respectively, 

the 1 x 10” risk-based water criteria. 

0 

Current COC Concentrations 

Current South Field COC concentrations required for modified soil PRG development included source 

leachate concentrations and vadose zone soil concentrations. Table D. 1 - 18 shows the current COC 

soil concentrations for the till and unsaturated sand and gravel. These concentrations were estimated 

as part of the Operable Unit 2 FS and a description of how the concentrations were estimated is 

presented in Appendix A, Sampling Results for Contaminan@ of Concern. 

D. 1.4.4 Model Verification With Measured Conditions 

Once all input for the ECTran model was finalized, the model was used to estimate current 

groundwater conditions and maximum predicted concentrations for a 1000 year period at the South 

Field assuming no remediation. The estimated current and maximum conditions were then compared 

with measured groundwater concentrations presented in the Operable Unit 2 RI. 

The current and maximum conditions were estimated by the ECTran model using the following 

procedure: 

Maximum COC leachate concentrations from the waste material, which were taken from 
the Operable Unit 2 RI, were assumed to be the initial contaminant leachate concentration 
when the waste was placed in the South Field approximately 40 years ago. The leachate 
concentrations were held constant for the 1000 year modeling period. 

The groundwater concentrations in Layer 1 ,  Layer 2, GMA under the source, and GMA at 
the fence line due to these leachate concentrations were then calculated using the ECTran 
model. The current modeled conditions were ECTran concentrations for the particular 
layer at 40 years. The maximum modeled conditions were the maximum ECTran 
concentrations for the particular layer for a 1000 year period. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

M 

31 

32 

33 

34 

35 -. 

. ..:,., . 

FEFl\CRUZFS\TDO\TABD.l-3\April 21. 1994 7:16m D- 1-53 



m 

FEMP-OUOZ-4 DRAFT 
April29, 1994 

E 

D- 1-54 



FEMP-OUM-4 DRAFT 
April 29, 1994 

D- 1-55 

b 6 5 0 4  

5 
I- 

I- 
PJ 



FEMP-OU02-4 DRAFT 
April 29, 1994 

Three different comparisons of contaminant groundwater concentrations were made including the 

following: 

Layer 2 ECTran current and maximum modeled conditions versus measured 1000-series 
monitoring well concentrations; 

ECTran modeled current and maximum GMA conditions under the source versus 2000- 
series monitoring well concentrations; and 

ECTran modeled current versus maximum GMA conditions at the FEMP fence line. 

The current contaminant measurements were taken from the Operable Unit 2 RI. Figures D. 1-10 and 

D. 1-1 1 show the locations of the 1000-series and 2000-series wells, respectively, where the minimum 

and maximum South Field current COC concentrations were measured. From Figure D. 1-10 it can 

be seen that MW 1942 had the maximum COC measurement and MW 1954 had the minimum COC 

measurement for the Inactive Flyash Pile. From Figure D. 1-1 1 it can be seen that MW 2954 had the 

maximum COC measurement and MW 2943 had the minimum COC measurement. All of these wells 

are in the Case 3 area. . 

Table D. 1-19 shows the type (1) comparison, Table D. 1-20 shows the type (2) comparison, and 

Table D. 1-21 shows the type (3) comparison. From the comparisons it can be seen that the ECTran 

model's results are usually conservative but typically close to the range of groundwater 

measurements. 

D.1.4.5 Modified Soil PRGs 

Modified soil PRG modeling results for the South Field include modified soil PRGs which are layer 

specific, case specific, remedial alternative specific, and risk-based water criteria specific. All of the 

modified soil PRG results are presented in Attachment D. 1 XI.  The following sections highlight the 

locations of particular modified PRGs in Attachment D. 1 .III. 

No Controls 

The modified PRGs developed for the no controls scenario with 1 x lo", 1 x 

based water criteria are presented in Tables D. 1.111-1 and D.1.111-2 in Attachment D.1.111. As can be 

seen in the tables, the modified 1 x loe6 PRGs are below background concentrations. When. 

background is added to the modified PRGs to develop PRLs, the PRLs will essentially be at 

background levels. The modified PRGs for 1 x 

and 1 x 10" risk- 

and 1 x 10" risk levels increase proportionally. 
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i , .  6 % p p 
Adrriidisttatibe Controls 

The modified PRGs developed for the administrative controls only scenario with 1 x lo", 1 x 

and 1 x 10" risk-based water criteria are presented in Tables D. 1 .III-3 and D. 1 .III-4 in Attachment 

D.1.III. As can be seen in the tables, the 1 x 10" modified PRGs for uranium-234 and uranium-238 

are below background concentrations while the uranium-2351236 modified PRGs are above 

background concentrations. The PRLs developed with these modified PRGs will be close to or above 

background levels. The modified PRGs for 1 x and 1 x 10" increase proportionally. 

Administrative and Source Controls 

The modified PRGs developed for the administrative and source controls scenario with 1 x lo", 1 x 

and 1 x 10" risk-based water criteria are presented in Tables D.1.III-5 through D.1.111-7 . As 

can be seen in the tables, the 1 x 

background, while the Case 3 modified PRGs are above background. The PRLs for Cases 1 and 2 

will be approximately background while the PRLs for Case 3 will be higher than background. The 

modified PRGs for 1 x 

modified PRGs for Cases 1 and 2 are generally below 

and 1 x lo4 risk levels increase proportionally. 

Cap and Source Controls 

The modified PRGs developed for the cap and source controls scenario with 1 x lo", 1 x 
x lod risk-based water criteria are presented in Tables D. 1.111-8 and D.l.111-9 . As can be seen in 

the tables, the 1 x 10" modified PRGs for Cases 1 and 3 are significantly higher than background. 

PRLs developed for the numbers will be much higher than background. The modified PRGs for 1 x 

10" and 1 x 10" risk levels increase proportionally. 

ind 1 

. 

D. 1.5 ACTIVE FLYASH PILE 

The Active Flyash Pile is a Operable Unit 2 waste unit which is located just east of the South Field 

and is bounded on the east by the Storm Sewer Outfall Ditch (Figure D. 1-15). The Active Flyash 

Pile has a surface area of approximately three acres and has received flyash waste since the mid- 

1960s. The following sections will describe the fate and transport modeling conducted for the Active 

Flyash Pile to develop modified soil PRGs and summarize the results. 

D. 1.5.1 ConceDtual Model 

The conceptual model used to describe the Active Flyash Pile for modified soil PRG development 

identifies and incorporates the key hydrogeologic characteristics of the vadose and saturated zones of 
o()OSZ1 
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. \  0 the Active Flyash Pile, COC source information, and factors that conhol transport of the COCs. to be 

modeled. The following sections present the details of the conceptual model used for modified soil 2 

PRG modeling at the Active Flyash Pile. 3 

A 

Hvdrogeologic Conditions 5 

For the Active Flyash Pile the conceptualized conditions can be summarized as follows: rainfall and 6 

surface water infiltrate through the surface of the Active Flyash Pile, leaching of constituents from the 

source material into the dissolved phase occurs, the contaminated leachate migrates laterally or 

percolates vertically to the underlying GMA, lateral infiltration travels horizontally across the till and 

eventually discharges into areas with no till and percolates vertically to the GMA, and once in the 

GMA, the contaminants are then transported down-gradient. There are no significant amounts of 

perched water in the Active Flyash Pile area. 'In addition to the infiltration of the waste unit there is 

also vertical infiltration in downgradient areas which affects the contaminant concentrations in the 

GMA. Vertical infiltration from areas downgradient of the waste unit were considered during 

modeling of transport of COCs to the FEMP fence line. This additional infiltration was considered in 

the ECTran model by increasing the effective decay rate in the downgradient area. 

The conceptual model for vadose zone transport is highly dependent upon the available vertical 

drainage pathways through each waste unit. Figure D. 1-16 shows the conceptual model for lateral 

and vertical drainage to the unsaturated GMA at the Active Flyash Pile. The model shows that there 

are two pathways available depending upon the presence or absence of till/glacial overburden. 

As described in the technical approach, three cases were used to investigate the variety of 

hydrogeological conditions at the Active Flyash Pile. Cases 1 and 2 (Le., Case 1 area) considered the 

areas without till which have substantial lateral infiltration inflow rates from Case 3 areas. Case 3 

considers the area which has till and provides the lateral infiltration to the Case 1 areas. Figure 

D.l-17 shows the lateral drainage patterns for the SWIFT grid blocks used to depict the Active Flyash 

Pile. A SWIFT grid block is a three-dimensional finite difference cell in SWIFT.which has its own 

hydrogeological and contaminant transport parameters assigned to it. Grid block 32,56 was selected 

to depict the Case 1 area for modified soil PRG development while block 3337 was used for the 

Case 3 area. These blocks were selected since they have the maximum total infiltration rate (Le., 

lateral and vertical) to the GMA for their particular case. 
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Modified soil PRGs were developed for all Active Flyash Pile COCs which pose a risk through the 

GMA groundwater exposure pathway. Two Active Flyash Pile COCs had the potential to impact 

groundwater, uranium-234 and uranium-238. 

Potential Exuosure Points 

Two potential exposure points were used for modified soil PRG development at the Active Flyash 

Pile. Both the GMA under the waste unit and the GMA at the FEMP fence line were used as 

exposure points. Figures D. 1-15 and D. 1-16 show the Active Flyash Pile exposure points in plan 

view and cross-sectional view, respectively. The selection of groundwater exposure points for 

modified soil PRG development was based on the two potential future land use scenarios for the site, 

namely a private or federal owner. Under private ownership there are two potential receptors, the 

on-property and off-property resident farmer, and it is assumed that no administrative or source 

controls exist to limit access to the GMA. The exposure points for these two receptors would be the 

GMA groundwater under the waste units (GMA under waste unit) and the GMA groundwater at the 

FEMP fence/property line (GMA at FEMP fence line). For the federal owner there is one potential 

receptor, the off-property resident farmer. However, unlike private ownership, with federal 

ownership, administrative or source controls would be implemented to limit access to the GMA under 

the waste units and the only groundwater exposure point for this receptor is the GMA at FEMP fence 

line. 

D . 1 .5.2 

Three potential Operable Unit 2 remedial alternatives for the Active Flyash Pile were investigated for 

modified soil PRG development. For private ownership, all contaminated soil above the modified soil 

PRL concentrations will be removed, replaced with clean soil, and no controls will be implemented 

(i.e., clean closure). For federal ownership, all contaminated material above PRLs will also be 

remediated, however, controls will be used to increase PRL levels which will allow higher levels of 

contaminated material to be left on-site. The potential controls include: 1) administrative controls to 

limit access to the site; and 2) administrative controls as well as capping to limit vertical infiltration. 

Remedial Scenarios 

An in-situ, clay type cap is proposed for the Active Flyash Pile. 
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D.1.5.3 Model InDut 

The following sections summarize the data used as input to the ECTran model for Active Flyash Pile 

modified soil PRG development. A majority of the input was taken 

RI fate and transport modeling sections. Other input was calculated 

Operable Unit 2 RI or previous reports. 

directly from the Operable Unit 2 

from data presented in the 

Hvdropeologic Conditions 

Table D. 1-22 shows the hydraulic parameters and physical dimensions of the Active Flyash Pile. The 

physical dimensions of the site and the layer thicknesses are presented separately for the two 

appropriate SWIFT grid blocks. The hydraulic gradient and flow distance along the pathline to the 

FEMP fence line were calculated using groundwater contours from 2000-series monitoring wells for 

the months of April 1988 to December of 1989. Table.D.1-23 displays the soil media parameters 

used for the Active Flyash Pile. All of these soil parameters were taken directly from the Operable 

Unit 2 RI. The Active Flyash Pile infiltration rates and mixing depth information for the No Cap and 

Clay Cap capping scenarios are presented in Table D. 1-24. The no cap infiltration rates were 

estimated in the Operable Unit 2 RI using the HELP model. The capping infiltration rates were 

estimated specifically for the Operable Unit 2 FS and they were also calculated using the HELP 

model. The mixing depth was calculated based on an equation presented in the ECTran model 

development report (Halliburton NUS, 1993) which is presented in Attachment D. 1 .I. 

Chemical Characteristics and Risk-Based Criteria 

Three different target risk-based water criteria were used for the development of modified soil PRGs 

for Active Flyash Pile. The three individual, chemical-specific cancer risk levels investigated were 1 

x lo“, 1 x and 1 x lo4. The criteria were developed as part of the Operable Unit 2 RI Baseline 

Risk Assessment. These criteria represent chemical-specific groundwater concentrations which 

present 1 x 1 x 10” and 1 x lo4 cancer risks due to the groundwater exposure pathway. 

Table D. 1-25 presents a summary of the chemical/geochemical data for the two Active Flyash Pile 

COCs. Also shown in the table are the 1 x lod risk-based water criteria used for modified soil PRG 

development. The 1 x 10” and 1 x lo4 risk-based water criteria were calculated by taking 10 and 

100 times, respectively, the 1 x 10“ risk-based water criteria. 
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TABLE D.l-22 

HYDRAULIC PARAMETERS AND PHYSICAL DIMENSIONS OF ACTIVE FLYASH PILE 
MODIFIED SOIL PRG DEVELOPMENT 

Input Value 

Case, 1 and 2 Case 3 

125 ft 125 ft 

Downgradient Infiltration Rate 

II Width II 125 ft II 125 ft II 

0.698 ft/yr 19 

Waste Thickness 
Till Thickness (Layer 1) 

Saturated GMA Thickness 
Unsaturated GMA Thickness (Layer 2) 28.3 ft 31.6 ft 

II Distance to FEMP Fenceline II 1200 ft I I  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Note : Swift Grid Block -Case 1 (32’56) 
Case 3 (33’57) 

21 

22 
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Current Active Flyash Pile COC concentrations, which were required for modified soil PRG 2 

development, included vadose zone soil concentrations. Table D. 1-26 shows the current COC soil 

concentrations for the till and unsaturated sand and gravel. 

These concentrations were estimated as part of the Operable Unit 2 FS and a description of how the 

concentrations were estimated is presented in Appendix A, Sampling Results for Contaminants of 

Concern. 

D. 1 S.4  Model Veritication With Measured Conditions 

Once all input for the ECTran model was finalized, the model was used to estimate current 

groundwater conditions and maximum predicted concentrations for a 1000 year period at the Active 

Flyash Pile assuming no remediation. The estimated current and maximum conditions were then 

compared with measured groundwater concentrations presented in the Operable Unit 2 RI. 

The current and maximum conditions were estimated by the ECTran model using the following 

procedure : 

.* Maximum COC leachate concentrations from the waste material, which were taken from 
the Operable Unit 2 RI, were assumed to be the initial contaminant leachate concentration 
when the waste was placed in the Active Flyash Pile approximately 40 years ago. The 
leachate concentrations were held constant for the 1000 year modeling period. 

The groundwater concentrations in Layer 1, Layer 2, GMA under the source, and GMA at 
the fence line due to these maximum leachate concentrations were then calculated using the 
ECTran model. The current modeled conditions were ECTran concentrations for the 
particular layer at 40 years. The maximum modeled conditions were the maximum 
ECTran concentrations for the particular layer for a 1000 year period. 

Three different comparisons of contaminant groundwater concentrations were made including the 
I.. 

. .  following: .. 

Layer 2 ECTran current and maximum modeled conditions versus current measured 1000- 
series monitoring well concentrations; 

ECTran modeled current and maximum GMA conditions under the source versus current 
2000-series monitoring well concentrations; and 

ECTran modeled current versus maximum GMA conditions at the FEMP fence line. 
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The current contaminant measurements were taken from the Operable Unit 2 RI. Figures D. 1-10 and 1 

D. 1-1 1 show the locations of the 1000-series and 2000-series wells, respectively, where the minimum 

and maximum Active Flyash Pile current COC concentrations were measured. From Figure D. 1-10 

it can be seen that MW 1045 had the maximum COC measurement and no other wells were available 

to determine the minimum COC measurement for the Active Flyash Pile. From Figure D. 1-1 1 it can 

2 

3 

4 

5 

be seen that MW 2045 had the maximum COC measurement and MW 2049 and MW 21033 had the 

minimum COC measurements, depending on the isotope'. All of these wells are in the Case 1 area. 

Table D.l-27 shows the type (1) comparison, Table D.l-28 shows the type (2) comparison, and 

Table D. 1-29 shows the type (3) comparison. From the comparisons it can be seen that the ECTran 

model's results are usually conservative but typically close to the range of groundwater 

measurements. 

D. 1 S . 5  

Modified soil PRG modeling results for the Active Flyash Pile include modified soil PRGs which are 

layer specific, case specific, remedial alternative specific, and risk-based water criteria specific. All 

of the modified soil PRG results are presented in Attachment D.l.IV. The following sections 

highlight the locations of particular modified soil PRGs in Attachment D. 1 .IV. 

Modified Soil PRGs 

0 
No Capping 

The modified PRGs developed for the no controls scenario with 1 x lo", 1 x 

based water criteria are presented in Tables D. 1 .IV-1 and D. 1 .IV-2 in Attachment D. 1 .IV. As can be 

seen in the tables, the 1 x modified PRGs are below background concentrations. When 

background is added to the modified PRGs to develop PRLs, the PRLs will essentially be at 

background levels. The modified PRGs for 1 x lo5 and 1 x lod risk levels increase proportionally. 

and 1 x lo4 risk- 

Administrative Controls 

The modified PRGs developed for the administrative and source controls scenario with 1 x 

1 x lo", and 1 x lod risk-based water criteria are presented in Tables D. 1 .IV-3 through D. 1 .IV-5. 

As can be seen in the tables, the 1 x 10" modified PRGs for Cases 1 and 2 are generally below 

background, while the Case 3 modified PRGs are above background. The PRLs for Cases 1 and 2 

will be approximately background while the PRLs for Case 3 will be higher than background. The 

modified PRGs for 1 x and 1 x lod risk levels increase proportionally. 0 

6 

7 
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Administrative Controls and CaDDing 1 

The modified PRGs developed for the cap and source controls scenario with 1 x lo“, 1 x 

1 x lo4 risk-based water criteria are presented in Tables D. 1 .IV-6 and D. 1 .IV-7 . As can’ be seen in 

PRLs developed for the numbers will be much higher than background. The modified PRGs for 

and 2 

3 

the tables, the modified 1 x 10“ PRGs for Cases 1 and 3 are significantly higher than background. 4 

5 

1 x 10” and 1 x lod risk levels increase proportionally. 

D.1.6 SUMMARY 

The ECTran model was used to calculate modified soil PRGs for the Operable Unit 2 FS. Modified 

soil PRGs were estimated for the Solid Waste Landfill, Inactive Flyash Pile, South Field and Active 

Flyash Pile waste units for the appropriate COCs. The Solid Waste Landfill had COCs which 

impacted the perched groundwater zone, therefore modified soil PRGs were determined which were 

protective of the perched groundwater. The Inactive Flyash Pile, South Field, and Active Flyash Pile 

had COCs which impacted the GMA groundwater, and hence modified soil PRGs were determined 

for these waste units which were protective of the GMA groundwater. 

0 Modified soil PRGs can be added to background soil concentrations to develop PRLs. The PRLs can 

be compared with current soil contaminant concentrations to determine the preliminary extent of 

remediation. All modified PRGs determined for the Operable Unit 2 FS are summarized in Table 

D. 1-5 and tables presented in Attachments D. 1 .I1 to D. 1 .IV. The modified soil PRLs are presented 

in Section 2. Current contaminant soil concentrations are presented in Appendix A. 

After comparing the modified soil PRLs with the current contaminant concentrations, Operable Unit 2 

determined that remediation was necessary for the Operable Unit 2 waste units. Two remedial 

alternatives being investigated for the federal ownership land use scenario are the consolidation/ 

containment and the on-site disposal alternatives. Evaluation of the long-term residual risk associated 

with the consolidation/ containment alternative was considered and is presented in Appendix D.2. In 

addition, the necessity for an interceptor trench to collect perched water was also evaluated and is 

presented in Appendix D.2. The ECTran model was used to evaluate both of these modeling tasks. 

A brief discussion on how the ODAST and improved SWIFT models were used to confirm the 

remedial alternatives, which were based on the modified PRGs, was presented within this appendix. 

The confirmation modeling results are included in Appendix D.3. The confirmation modeling was 
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performed to collectively evaluate the impact of the alternatives and to assure that the final design in 
compliance with health-based criteria. 2 

3 
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1.0 INTRODUCTION w 6 5 0 4  

An efficient and robust groundwater contaminant fate and transport modd implemented on Excel 4.0 and 

Crystal Ball 3.0 (ECTran) has been developed and is proposed to support the' Remedial 

Investigation/Feasibiiity Study (RI/FS) processes at the Femald Environmental Management Project (FEMP). 

This screening-level model can be utilized to supplement existing more complex fate and transport models 

during parameter estimation, risk assessment, cleanup goal development, Alternate Concentration Limit 

(ACL) determination, and stochastical s e n s a i  analysis. The ECTran (which stands for Excel-Crystal Ball 

Transport) model is based on straightforward mass-balances and advection/dispersion analytical equations, 

but can be used to simulate a variety of complex conditions. To date, Halliburton NUS has employed similar 

models to determine soil cleanup goals, ACLs, cleanup time estimations, and to support baseline risk 

assessments for both CERCIA and RCRA applications in US. EPA Regions 111. VI. and X. This report 

presents the required capabilities, development protesses. and proposed applications of the screening-level 

spreadsheet-based groundwater contaminant fate and transport model (Le., ECTran) at the FEMP. 
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FEMP-OU02-4 DRAFT 
April29, 1994 

.’ - c s  

2.0 OBJECTIVE AND CAPABILITIES OF THE SCREENING MODEL * * .  ; j ;:J$ ‘ -; 
..i 7 ’, 

Groundwater fate and transport models. developed using ODAST and SWIFT codes, have been applied in 

various Removal Actions and RI reports at the FEMP. Based on the experiences of these modeling tasks, 

a screening-level contaminant fate and transport model was determined necessary to supplement the 

existing modeling tools. Due to their complexities, the current models are not efficient during model 

parameter estimation, model calibration. remedial alternative screening, long-term simulation, and 

stochastical sensitivii analysis. Because of this limitation, the usefulness of computer models in supporting 

RI/FS processes has not been fully utilized at the FEMP. The primary objective of the proposed screening 

model is to efficiently support the current models in tasks where larger numbers of long-term modeling runs 

are required. The screening model can be used to scope the necessary scenarios or final ranges of 

parameter values that the primary groundwater models need to simulate and verify. In order to achieve this 

objective, this auxiliary model should be robust and flexible. Desired capabilities of this model are 

summarized in the following subsections. 

2’1 MODEL STRUCTURE . -  

Figures 2-1 and 2-2 show the general hydrogec.Jgical conditions (setting) in the vicinity of FEMP. , , I  order 

to support the existing models which simulate these conditions, the conceptual structure of the proposed 

screening model needs to: 

e Include both the glacial overburden and sand and gravel aquifer underlying the FEMP. 

e Use any specified groundwater flow conditions directly. 

e Use a mixingdepth concept in the saturated zone instead of the fixed thickness of the 

entire saturated zone. 

e Employ analytical solutions. so that no model grid is required. 

e Be separately and flexibly applied in any localized source areas. 

D- 1-1-7 
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I 550 4 Figure 2-1 Buried Valley Aquifer Underlying the Fernaid Site and Vicinity’ 
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22  SOURCE LOADING AND ATENUATION PROCESSES 6 5 0 4  
Figure 2-3 shows the Operable Unit (OU) designations in the FEMP. Each of the five OUs presents different 

contaminant source loading characteristics and hydrogeological conditions that affect the attenuation of 

contaminants. Therefore, a realistic screening model for the FEMP should be able to: 

. 

0 Simulate all major physical and chemical processes that affect the Contaminant fate and 

transport 

0 Accept zone- and layer-specific initial contaminant concentrations, chemical decay rates 

and distribution coefficients. 

0 Include the source loading from the waste units. 

0 Include additional source loading in the glacial overburden. 

0 Consider contaminated or clean upgradient groundwater recharge. 

0 Consider impacts of pumping and/or containment in the source area on the exposure point 

concentrations. 

0 Consider age of the source to estimate the current downgradient concentrations. 

2.3 . MOOELOUTPUT 

The modeling results need to be easily accessible and clearly understandable. Therefore, the screening 

model should be designed to: 

0 Present layer- and zone-specific contaminant concentrations vs. time. 

0 Present concentrations along the prolected centerline of the contaminant plume at a 

downgradient location such as the FEMP propeny line. 

0 Present the output statistically and graphically without the need of post-processing. 
.. 
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24 MODEL PERFORMANCE 
* 6 5 0 4  

The most desired characteristic of the screening model is the capability to support fast, flexible, but realistic 
9 

applications. Under these performance criteria, the screening model should: 

0 

0 Support stochastical analysis. 
0 

Apply and calibrate to field conditions easily. . 

Have a very short run time that is not sensitive to contaminants being simulated. 
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3.0 ECTran MODEL DEVELOPMENT 

Based on the required capabilities. a spreadsheet-based approach was selected to develop the screening 

fate and transport model. This section describes the development process of the ECTran model. 

Discussions on the development of the conceptual model. assumptions, governing equations, spreadsheet 

implementation (Le.. Excel 4.0), and Monte Carlo simulation capability (i.e., Crystal Ball) are all included 

within this section. 

To develop a mathematical/computer model, the natural physical and chemical systems in question must 

~ first be characterized or conceptualized. This delineation of the natural systems on site with necessary 

assumptions and simplifications is usually called a conceptual model. Governing equations based on the 

conceptual model and assumptions are then derived. Next, suitable computer tools are utilized to 

implement the governing equations. The developed computer model with proper input data must then be 

applied to simulate a measured event and to venfy the validity of the model development process. If the 

. appropriate conceptual model, assumptions, and governing equations have been used for model 

. deyelopment. the model will simulate the natural system properly. 

Once the basic functions (Le., deterministic simulations of the natural physical and chemical processes) of 

the model have been implemented and verified, auxiliary capabilities can be developed and incorporated 

to improve the overall usefulness of the model. Typical auxiliary functions can include: statistical 

calculations, Monte Carlo simulation, graphical presentation, and on-line user's guide. 

3.1 CONCEPTUAL MODEL 

Since the screening model will be independently applied in many localized source areas at the FEMP, the 

model should have sufficient flexibility and be easily customized to a specific source area during model 

applications. Therefore, a general conceptual model of fate and transport of a contaminant in the 

groundwater system underlying the FEMP should be determined. Information gathered during previous site 

and contaminant characterization tasks was utilized for this purpose. The general conceptual model for 

scoping the screening model development identified and incorporated the following information: 

D- 1 -I- 13 
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0 

General configuration of the water-bearing zones of interest. 

Possible hydrologic behavior of, and interconnections between, all major geologic 

formations. 

Ranges of velocities and directions of groundwater Row. 

Extent and configuration of potential contaminant sources. 

Chemical properties of major contaminants of concern. 

Geochemical properties of aquifer materials that affect contaminant transport. 

General contaminant migration pathways. 

Locations of potential exposure points to be considered in the risk assessment. 

Detailed information on geology, hydrogeology. and contaminants has been collected at the FEMP during 

RI/FS and Removal Action activities. This information was used to develop a general conceptual model 

which could be applied over most of the site. Figure 3-1 depicts the general conceptual model determined 

for developing the proposed screening model. The following sections describe the rationale for the 

conceptual model. 

3.1.1 Stratbraphy 

In general, the geologic conditions at the FEMP site can be categorized into four general units. The 

uppermost unit consists of the waste unit and unsaturated weathered till. The next-lower unit consists of 

generally unweathered glacial overburden interbedded with glaciduvial sand and gravel stringers. Some 

of the stringers are saturated and have been labeled as perched groundwater. The next-lower unit consists 

of unsaturated sand and gravel outwash deposits existing above the Great Miami Aquifer (GMA). The lowest 

geologic unit of interest is the GMA. This aquifer is a well-sorted sand and gravel water table system 

consisting of glacial outwash deposits located within a 2- to 3-mile-wide subterranean valley known as the 

New Haven Trough. This aquifer is divided by a 10- to 20-toot-thick clay aquitard at an approximate depth 

of 120 feet. The aquifer overlies limestone/shale bedrock at an approximate depth of 200 feet. 

This information was.used to determine that the screening model should have three potential layers (i.e., 

Layer 1, Layer 2, and Saturated Zone (GMA)). Layer 1 was used to represent the glacial overburden, 

Layer 2 was used to represent the unsaturated sand and gravel, and the bottom model layer represented 

the upper portion of the GMA. The conceptual model did not directly represent the waste unit and 

weathered till, but indirectly modeled it by using the leachate loadings from the waste unit as inflows to 

Layer 1. The reason for not considering the lower ponion of the GMA is that the maximum Contaminant 
.. 
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concentration will most likely occur in the upper portion of GMA This approach seems reasonable for the 

ECTran model since the purpose of a screening model is to estimate the peak contaminant concentration. 

i1.2 Hvdrmeoloqy 

The hydrogeology of the FEMP and the surrounding area is a textbook example of a glaciofluvial buried 

valley aquifer (watton, 1970: Fetter, 1989: Freeze and Cherry, 1979). The primary aquifer in the region is 

the GMA, a well-sorted sand and gravel water table system consisting of glacial outwash deposits. As 

shown in Figure 2-1, groundwater in the aquifer enters the FEMP area via buried channels on the west, 

north, and east. Under natural conditions, the primary flow would be across the site to the south. However, 

large pumping wdls east of the FEMP in the Big Bend area of the Great Miami River have created a 

pronounced cone of depression causing groundwater flow at the FEMP to have easterly, southeasterly. and 

southerly components. 

Within the glacial overburden, there are numerous water-bearing zones (Le., perched groundwater) that have 

limited interconnection. The majonty of these zones are of glaciofluvial origin and consist of s d l  beds of 
highly-sorted sands and gravels. These beds are probably the res& of small meltwater streams that 

occurred along the ice margin and within the glacier itself. This information was used to determine that the 

screening model should allow potential subsurface perched water flow into and/or out of the model domain 

in the glacial overburden. 

3.1.3 Contamination. 

The primary contaminant at the FEMP site is uranium. Other secondary contaminants at the site include 

radioactive contaminants such as radium and thorium and inorganic/organic contaminants such as lead, 

bis(2-ethylhexyl)phthalate and trichloroethene. The conceptual model was developed to be general enough 

to allow for modeling of each type of contaminant (i.e.. radionuclide or inorganic/organic) and to take into 

consideration the Contaminant geochemistry and transport at the site. The depositional characteristics and 

the hydrostratigraphic units present at the FEMP impart general contaminant transport characteristics on 

solutes migrating from the individual waste areas to receptor locations. These characteristics include: 

0 Solute Migration Potential. Solutes have a high migration potential through the upper 

weathered tills due to the fractured nature of the sediment. Solute migration can also occur 

through the unweathered till, however. at a much slower rate. Once the solute reaches the 

. 
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glacial outwash. the solute migration potential is high, based on the hydraulic conductmy of 
the matrix. 

0 Hydraulic Interconnection. The intercomrnuni6tion between perched water-bearing zones 
is limited in the glacial environment. Communication between the upper water-bearing 

zones within the glacial overburden and the GMA is likely over an extended period’of time. 

Communication between the upper and lower zones within the GMA will be controlled by 

transverse (vertical) dispersion and will therefore be extremely limited. 

0 Adsorption/Attenuation Characteristics. Sediments found within the glacial overburden 

generally have sufficient organic carbon content (e.g.. 0.5 percent to 1 percent) to cause 

retardation of organic constituents. The day mineralogy would result in cation retardation 

for inorganic constituents. Given the till matrix. it is also unlikely that adsorption/attenuation 

breakthrough would occur. Adsorption/attenuation will occur at lower rates in the regional 

aquifer due to the lower organic carbon and day content in the outwash. 

This information was used to conclude that the screening model should allow zone- or layer-specific 

adsorption, attenuation, and decay parameters to be specified. 

3.2 ASSUMPTIONS 

In order to develop a spreadsheet-based analytical fate and transport model, the following simplified but 

conservative assumptions were incorporated into the proposed ECTran model: 

External source loadings and upgradient conditions are constant. 

Dispersion is negligible in the overburden 

Vertical dispersion is negligible in the Great Mlami Aquifer. 

Downgradient aquifer can be approximated as homogeneous with uniform groundwater 

flow. 

.@ Ro893-3 D-1-1- 16 
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3.3 

Layer-averaged input conditions and model predictions are sufficient in the overburden for 

screening purposes. 

Zoneaveraged contaminant concentrations in the mwng zone underlying the source area 

and concentrations at the fence line are sufficient in the GMA for screening purpose. 

GOVERNING EQUATIONS 

The differential equations which govern groundwater flow and transport of contaminants were used to 

develop analytical solutions in ECTran. The developed model relies on key information inside the waste 

units and uses simple and robust, but conservative, fate and transport equations to describe the relatively 

complex modeling domain and contaminant migration pathways encountered at the FEMP. Important 

parameters included in the ECTran model to describe each layer and zone in the conceptual model is shown 

in figure 3-2. The following subsections discuss the development and rationale of the governing equations 

in each model layer or zone using these parameters (shown in Figure 3-2). 

3.3.1 Model Laver 1 

A mass-balance analysis with solid- and dissolved-phase panttioning for the contaminants from the source 
area, assuming that the infiltrating precipitation contains residual source leachate or background 

contamination and that dispersion in the Layer 1 is negligible. yields the following expression for the time- 

dependent leachate concentration in the Layer 1 : 

where: 

O1 
SAW, * KaW, ] [CU, - C,] - A" c, 

CU, is the contaminant concentration in infiltrating precipitation (pg/L) 

Q, is the infiltration rate &/day) 

C, is the aqueous concentration in Layer 1 (pg/L) 

S, is the soil Saturation fraction in kyer 1 (dimensionless) 

V ,  is the void vdume in Layer 1 (L) 

K,, is the aqueous/solid phase distnbution coefficients in Layer 1 (L/kg) 

W, is the dry weight of soil in Layer 1 (kg) 

A, is the first-order chemical decay rate in Layer 1 (day') 
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For an initid condition of C, = C,, this equation may be solved via direct integration to geld the&@ 4 
solution: 

3.3.2 Model Laver 2 

Using a similar mass-balance/mass-partitioning approach, a general case for model Layer 2 which includes 

a time-dependent source loading term (C, as described by Eq. (2)) and a secondary source may be written 

in the following differential equation: 

And where: CU, is the Contaminant leachate concentration of the secondary source 

W L )  
C, is the aqueous concentration in Layer 2 (ug/L) 

Q, is the perched water inflow rate of the secondary source (L/day) 

S, is the soil saturation fraction in Layer 2 (dimensionless) 

V, is the void volume in Layer 2 (L) 

& is the aqueous/solid phase distribution coefficients in Layer 2 (L/kg) 

W, is the dry weight of soil in Layer 2 (kg) 

A, is the first-order chemical decay rate in Layer 2 (day') 
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.. .' ?is equation is of the following general form: 4. ;.. ~ . ': ..e v 

where: 

The above equation has a general solution as follows: 

where: h = J p(t)dt and K is a constant of integration 

This equation may be solved for the initial condition of C, = C, using the preceding integrating factor 

approach or the method of undetermined coefficients to yield the following: 

Special Cases 

In addition to this standard form of the solution (Le.. Eq. (4)). the following two special cases were also 

considered and included in ECTran: 

0 For a constantconcentration in Layer 1 (i.e.. C,=CU,), the equation for Layer 2 becomes: 
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0 In the case of 4 = K,& (e.g., when both Layer 1 and Layer 2 are identical and Q,=O). the 

solution of Eq. (3) and thus the equation for Layer 2 leachate concentration becomes: 

CB$+ 

3.3.3 UnderMns Saturated Zone 

Based on the mass balance in the underlying saturated zone, the following equation is derived: 

Where: C, is the aqueous concentration in underlying saturated zone (ug/L) 

CU, is the contaminant concentration in upgradient groundwater flow (pg/L) 

Q, is the upgradient groundwater flow rate through the saturated mixing zone 

underlying the source area (L/day). 

This equation does not consider the portion of contaminant that can be adsorbed to soil and therefore gives 

a very conservative estimation of the dissolved phase concentrations. Equation (7) is also known as the 

Summer's model (from several sources including EPA. 1983). 

In order to compute Q,, the thickness of the mixing zone in the aquifer, which represents the vertical extent 

of the contamination in the model. must be determined. It is usually selected based on the minimum of the 

following three possible values: 

e The thickness of the entire saturated zone. 

e The lowest position of detected contaminants of concern. 

e The mixing zone depth calculated by the following equation (Salhotra et al., 1990): 

Ro893-3 

H = q1 - exp(-V,L / (BV*))] + ( 2 U " L y  

where: H is the mixing zone thickness (ft) 

B is the total saturated zone thickness (i.e., thickness of the upper GMA) (ft) 
. . .. . . . - .  - ..... , .  . .  - - - -  - - -  . . . .  . -  - -  ~. 
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V, is the vertical seepage veiocrty (ft/yr) 

L is the length of the source area in the groundwater flow direction (ft) 

V, is the horizontal seepage velocity (ft/yr) 

o, is the vertical dispersivrty (ft) 

Since H is usually less than B, the mixing zone depth concept was found to be the most appropriate to be 

used for the FEMP site. This approach is also more conservative than the fixed top layer thickness used 

in the current SWIFT groundwater fate and transport model. 

3.3.4 Downqradient Transoort 

A simplified version of a general solution to a threedimensional contaminant advection/dispersion/ 

sorption/decay equation was used to simulate solute transport. It provides an estimate of the contaminant 

concentration at a receptor location or discharge area downgradient of the source area under different 

sourcdoading conditions. 

The basic equation, a modified version of a general constant-source equation developed by Domenico 

(1987), for the plume centerline is as follows: 

where: C is the downgradient concentration along the plume centerline caused by C, 

C, is the constant groundwater concentration at/below the source (pg/L) 
h / L )  

X is the distance dawngradient from the source(ft) 

V is the retarded contaminant velocity (ft/year) 

t is the elapsed time since the beginning of the constant source loading (years) 
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0, is the principle value of the dispersion tensor in the x (longitudinal) direction 

(Wyear) 

Y is the source dimension in the y (lateral) direction (ft) 

D, is the principle value of the dispersion tensor in the y (lateral) direction (ft'lyear) 

Ac is the chemical decay rate (years.') 

In the preceding expression. erf and erfc are the error function and the complimentary error function, 

respectively. Vertical dispersion was not considered in equation (9) in order to provide a more'conservative 

estimate of the exposure point concentration. The contaminant velocity is determined as the groundwater 

interstitial pore velocrty divided by the retardation factor. The retardation factor (RJ can be estimated using 

the distribution coefficient (&), the soil bulk density (p), and porosw or volumetric water content (e) of the 

soil as: 

In cases where the net recharge, outside the source area (Le.. recharge that directly percolates into and 

dilutes the downgradient contaminant plume). is significant. the effective decay rate in the downgradient area 

can be increased to Ac*, as follows 

Q 
8 8  

A,* = A,  - 

Where q is the annual infiltration rate in the downgradient area @/year); and 8 is the volumetric water 

content in the underlying saturated zone. 

Although derived for a constant source loading condition. Equation (9) can be applied using superposition 

to simulate the timedependent source loading For a timedependent source, the concentration at a 

downgradient location at a given time T can be estimated using the following procedure. First the 

continuous function of the timedependent source concentration C, 1i.e.. Eq. (7)J is approximated by a series 

of step impulses which simplifies the sdution and is usually also more conservative than the original function 

as shown in Figure 3-3. In Figure 3-3, it is also assumed that the source area has been contaminated with 

a concentration So for a time period ( 'Age') before the inittal time 6. This contaminant concentration has 

convected to the area downgradient of the Source area by dispersion/sorption/decay. Therefore, the 

contaminant concentration S, in this time penod is also treated as an impulse. 
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n ... 
II. 

. .  6. i, I ; 

The concentration at X feet downgradient of the source at time T can therefore be estimated by 

superposition of constant source solutions (Eq. (9)] for all impulses prior to time T as follows: 

where: 

- q X  T-f,+Age, So) - q X  T-f,, So) 

+ qx T-6, q) - qx T-b - A49 4J) 
+. . .+ qx T-f, S,) - q X  T-f, - At,, ,S,) 

Si is the source concentration of the P impulse 

\ is the starting time of the in impulse 

A\ is the time interval for the P impulse 

C, (X, T) is the combined effects of n + 1 impulses 

T-C-At,, = 0 

In the preceding equation (Le., Eq. (9)), C (X. 1. S) is the concentration at X caused by a constant source 

with concentration S for a duration of 1. Therefore, C6.t.S) needs to be applied twice to determine each 

single impulse's net lasting effect at time T. This approach is similar to the procedure used in the Expert 

ROKEY Computer System (McClymont and Schivane. 1987). The Expert ROKEY Computer System is a 

saturated-zone contaminant fate and transport model with an expert system that assists the user to estimate 

necessary hydrogeological and chemical parameters for the model. The source loading from the 

unsaturated zone must be specified by the user in the Expen ROKN. 

If a groundwater pumping system is designed to prevent the movement of contaminated groundwater to 

the downgradient area, the Eq. (10) may be modified. For instance, if the pumping starts at 4 and stops 

at t, as shown in Figure 34.  the S,. i from 0 to j-1 , will have no impact on the downgradient area. Therefore, 

Eq. (10) will be rewritten as: 
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3.4 SPREADSHEET IMPLEMENTATION 

Several advantages of a spreadsheet-based model over a traditional ‘pre/post-processors and stand-alone 

program approach’ are apparent Because the simulation is implemented by a spreadsheet, the model input 

and output data are contained in the same file. It is extremely easy for the user to change values of any 

specific input parameters, and the effects of various input values can be seen on the computer screen. The 

graphical and statistical capability provided by the spreadsheet makes presentation of the model results very 

efficient and flexible. A spreadsheet in Excel (Le., ECTran) was developed to code the equations described 

in Section 3.3. This section describes the spreadsheet coding, input/output format, and example output of 

the ECTran model. 

3.4.1 Coding 

The coding for equations in Layer . and underlying saturated zone was straightfomrd, (i.e.. the Eqs (2) and 

(7) are directly coded in Excel). For layer 2. the IF function in Excel was used to take care of the special 

cases specified in Section 3.3.2. The Excel functions, such as ERF, ERFC and SUMPRODUCT, were used 

to code equations (9), (10) and (1 1) for downgradient transport calculations. The ERF and ERFC functions 

compute the error function and the complimentary error function, respectively. The SUMPRODUCT function 

returns the sum of the products of the specified arrays. 

It is important for the ECTran model to maintain consistency among all the inter-related model parameters. 

Therefore. some of the model parameters are automatically calculated and protected in the spreadsheet. 

Other intermediate calculations are performed in spreadsheet cells outside the main table as shown in 

Table 3-1. These cells were also protected and hidden from the user. For example. a column in the 

spreadsheet was specified to compute the following term in Eq. (8): 

F(tJ=edc 

- . . - . . . . . . - 
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The value of each cdl in the column vanes with t, (dapsed time) and \ ranges from 0 to the T with a 

increment A\. The product. between each of S, (Le.. So, S ,,..., Sj. F(t,) and a constant will give C(xt,S,). The 

constant is the following remaining t e r n  in Eq.(8): 

finally, the Excd function SUMPRODUCT computes the C,(x,l) in Eq. (10) through summation of the 

products from t,, to T or computes the C,(x,T) in Eq. (11) through summation of the products from t, to T 

when the pump system exists. 

In a previous version of this model (Chiou and Hubbad. 1992), which was implemented on SuperCalcS. a 

separate FORTRAN program (Appendix B) was required to perform calculations described in Eqs (9), (lo), 

and (11). The linkage between the main spreadsheet and the external executable file was accomplished 

using macro commands in the spreadsheet. With Excel this external FORTRAN program was no longer 

necessary due the unique functions available within the spreadsheet. . 

3.4.2 Inaut/Outaut Format 

Table 3-1 shows the format of the input/output table used by ECTran. This table is designed for both easy 

data input/revision processes and clear/complete output presentations. Table 3-1 also briefly explains the 

types of information included and the purpose of each portion of the format. The necessary input 

parameters used to calculate all the other information in the table are identified. These parameters will be 

discussed in Section 4. 

3.4.3 Examale Out~ut  

Three examples are presented here to demonstrate the capabilities and possible uses of the Emran model 

during a typical RI/FS process for a hypothetical hazardous waste site. 
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Concentrations calculated by ECTran model in Layer 1, Layer 2, underlying . saturat 6 8 5 , $ 2 d  

downgradient transport under a constant source loading at a initially dean site are shown in Tame 3-2 and 

Figure 3-5. This example presents the baseline conditions that need to be studied during the RI process. 

On the other hand, the next two emmples will present the effect of remedial actions studied during the FS. 

Model predicted concentrations for the same site used in the previous example, with the source loading 

being removed after 10 years, are shown in Table 3-3 and Figure 3-6. In this case the model parameter 

'Age' was specified as 10 years. In order to determine long-term residual impact at the downgradient 

exposure point. a longer time interval (Le.. 250 years) was simulated in this example. 

Source loading removal and pumping of contaminated groundwater around the source area are both 

simulated in the third example. Model results are shown in Table 3 4  and Figure 3-7. In this case the model 

parameter 'Age' was still specified as 10 years while the parameter 'P&T was specified as 20 years. The 

Same time interval as in the second example was simulated in this example. As indicated by the last two 
examples, both source removal and pumping are required for the hypothetical site to ensure that the 

groundwater contaminant concentrations will be less than the given water criteria at the fence line. 

3.5 MONTE CARLO SIMULATION 

, 0 Unavoidably, uncertainties in the model input parameters will create uncertainties in the modd outputs. 

Monte Carlo simulations can be used to assess the uncertainties of model predictions, based on the 

probability distributions of the model input parameters. The concept of a Monte Carlo simulation is to run 

a predicting model repeatedly with varying sets of possible input parameters. All the individual results can 

then be statistically analyzed to generate probability distributions of the Vue' result. For performing Monte 

Carlo simulations. the uncertainties of input parameters may best be expressed in terms of probability 

densrty functions. These functions of input parameters should be statistically analyzed individually and be 

consistent with available observed data. Values of every model parameter to be studied in the Monte Carlo 

simulation should then be randomly generated according to these probability density functions before each 

individual simulation run. 

Monte Carlo simulation requires a sufficiently large number of runs to achieve accuracy, which means that 

the ECTran model can typically be run numerous times. All the governing analytical transport equations 

implemented in ECTran are veri/ efficient. Each individual run of ECTran can be completed within just a 

_- 
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few seconds Therefore, Monte Carlo simulation can be very efficiently performed with ECTran. On the 

other hand, S w l n  and ODAST, which require more than 30 hours for a typ id  application at FEMP. are not 

suggested to be used in a Monte Carlo simulation. 

, 3.5.1 Implementation 

For a spreadsheet without specially designed capabilities, it is very difficult to repeat and summarize 

computations with automatically changing parameters Fortunately, a software package called Crystal Ball 

is available which can work within Excel to facilitate Monte Carlo simulation. Crystal Ball allows different 

probability distributions, such as normal, Poisson, binomial and exponential, to be defined for each uncertain 

cell in the Excel spreadsheet and then generates random numbers from ihe given probability distributions. 

Crystal Ball uses these random numbers to compute the formulas in the forecast cells. This process 

continues with the forecast formulas being recalculated over and over until the required number of individual 

simulations is reached. Also, while the simulation is running, Crystal Ball charts the forecast results in an 

easy-to-understand graphical format. Finally, Crystal Ball will give the statistics that describe the forecast 

results. As described, Crystal Ball significantly extends the forecasting capability of Excel. 

ECTran utilizes Crystal Ball during the Monte Carlo simulation applications For example, selected 

stratigraphy, hydrogeology, and contaminant parameters can be analyzed separately or simultaneously to 

quantify the probability of groundwater concentrations at an exposure point exceeding given criteria. 

The sensitivity of the groundwater concentrations to the input parameters may also be approximated in 

terms of the correlation coefficients between the outputs and inputs. 

3.5.2 Examples 

A Monte Carto simulation in ECTran based on the third example presented in Section 3.4.3 (Le.. remediation 

with source removal and pumping) was performed. The infiltration rate, saturation rates, foc values. and 

groundwater velocrty in the model were treated as random variables simultaneously with specific probability 

functions. For this demonstrative example, 500 simulations were automatically run by ECTran. The resulting 

maximum groundwater contaminant concentrations at the source area and the fence line in the GMA were 

statistically analyzed and a summary report was generated by the model. 

Although the previously predicted maximum concentration at the fence line was acceptable, the Monte Carto 

simulation concluded that, with about 40 percent possibility, this maximum groundwater contaminant 
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concentration may actually exceed the water criteria given the uncertainties in model parameters. Therefore, 
it was determined necessary to extend the pumping time in the source area to 30 years. A second Monte 
Carlo simulation was conducted for this new pumping time with the same uncertainties associated with the 
model parameters. Results of this analysis indicate that there is less than a 5 percent possibility that the 
maximum fence line groundwater contaminant concentration will exceed the water criteria. 

Complete summary reports of the first and second Monte Carlo simulations are included in Appendices A.1 

and A2, respectively. 
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' 4.0 DATA REQUIREMENT 

As a screening model, several types of data are still required for the ECTran model to realistically simulate 

a site. Necessary data includes contaminant, geochemical and hydrogeological information at the study 

area. Preferably, site-specific data is determined by fidd tests or laboratory analyses and used as input for 

the model. In some cases, when site-specific values are not available when the model is applied. the input 

data can be estimated from literature values. Other information such as the risk assessment scenario and 

remedial alternative can also be incorporated and analyzed by the ECTran model. 

4.1 CONTAMINANT AND GEOCHEMICAL INFORMATION 

Radionuclides. inorganic and organic contaminants are all present at the FEMP. The data necessary to 

model radionuclides includes radioactive decay half-lives and soil- and contaminant-specific distribution 

coefficients (Q. For the organic contaminants, soil and groundwater biodegradation and chemical decay 

half-lives and the contaminant-specific organic carbon partition coefficient (KJ or octanol-water partition 

coefficient (Q) are necessary model input. For the inorganic contaminants, soil- and contaminant-specific 

K,s are required. 

Information regarding the initial/current levels of contamination in each model layer and future source 

loading rates should also be defined. Chemical-specific acceptable concentration levels are also provided 

in cleanup goal development applications. 

4.2 HYDROGEOLOGICAL INFORMATION 

Several aquifer and soil parameters are necessary in the ECTran model. They include porosity, bulk density. 

saturation rate, fraction of organic content (FOCI. hydraulic conductivrty. hydraulic gradient, travel distance 

to downgradient exposure points. groundwater vdocny. infiltration rate. dispersion coefficient, and vertical 

seepage velocity. 

A majorrty of these parameters have been estimated by field measurements at the FEMP. For instance, 
hydraulic conducthdy values were estimated by a pump test in the South Plume and numerous slug tests 

throughout the facility. Hydraulic gradients can be calculated from groundwater contour maps which were 

* a  
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5 5 0 4  
developed from monthly field measurements. PorosQ, bulk density, saturation rate, and foc can be 

acquired from the results of geotechnid and laboratory analyses. 

Other input parameters can be estimated using other hydrological models For example, the HEW model 

can be used to estimate the infiltration rate and the degree of saturation or moisture content of the 

unsaturated zones. 

4.3 RISK ASSESSMENT SCENARIO INFORMATION 

For many fate and transport modeling tasks the results of the modeling are used to determine the potential 

risk of the contaminants in the groundwater to humans, wildlife, and the environment. To assess the effects 

of the groundwater contaminants on the potential receptors, the model must be flexible enough to calculate 

the contaminant concentrations at each potential-exposure point defined in the risk assessment scenario. 

A risk assessment scenario is the combination of the potential migration and exposure pathways and the 

protocol for risk calculations. Usually an acceptable chemical-specific groundwater concentration for a 

receptor are defined in the scenario. These criteria are usually either the Maximum Concentration Limits 

(MCLs) or the incremental cancer risk-based concentrations which can be calculated based on chemical- 

specific cancer slope factors. 

For model applications at the FEMP to suppon nsk assessment, there are three potential groundwater 
a 

exposure scenarios. They include using perched groundwater, GMA groundwater under the contaminant 

source area, or GMA groundwater downgradlent at the FEMP property line as drinking or irrigation water. 

The criteria used for the modeling will usually be the incremental cancer risk-based concentrations. These 

values can be more conservative than the MCLs and account for the combined effect of contaminants. 

4.4 REMEDIAL ALTERNATIVE INFORMATION 

Remedial alternatives constitute the proposed actions to be performed on contaminant source areas to 

mitigate potential impacts on human health. wildlife. and environment. Several alternatives which are 

currently evaluated at the FEMP indude capping. source reduction and removal. soil washing, and hydraulic 

recovery and barrier. All of these alternatives' ettectrveness can be investigated with the Emran model. 

The capping alternative can be simulated in the ECTran modd by reducing the infiltration rate. 

removal can be accomplished with the model by reducing the source leachate concentration 

Source 

or initial 
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concentrations in soil layers. The impact of saturated tone containment or pumping on the downgradient 
gbndwater concentrations can be investigated by using the pumping option of the ECTran modd. 
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% 5 0 4  5.0 COMPARISON AND VERIFICATION WITH SWIFT AND ODA 

As described in Sections 2.0 and 3.0. the ECTran model can simulate contaminant transport through both 

the vadose and saturated zones. In previous modeling at the FEMP site two separate models were used 

to estimate the contaminant migration through these zones and they are ODAST and SWIFT (DOE, 1993a). 

respectively. The following sections compare results from these two different modeling approaches. Also 
the advantages and disadvantages of using the two different modeling schemes are described. 

It is important to note that the overall purpose of the model comparsions discussed in this section is to 

demonstrate the relative conservativeness between the two modeling approaches @e., ECTran and current 

ODAST/SWlFT). Because the current groundwater flow and transport model developed with SWIFT code 

is under improvements (DOE. 1993b). the accuracy or correctness of either model are not the main focus 

of this section. 

. 5.1 MODEL RESOLUTlON , 

A model's accuracy and usefulness is highly dependent on the resolution of the model. The resolution of 

a model is dependent upon the characteristics of the natural system to be modeled and the required 

modeling results. Vertical and areal coverages allowed in the model are the two most important resolution 

characteristics. For instance an aquifer's vertical resolution may be represented in the model using either 

a general singldayer structure or a detailed multi-layer structure. The model using the general singldayer 

structure would estimate only a single contaminant result for the entire depth of the aquifer. This type of 

model would be best suited for a homogeneous aquifer system. In comparison the model which uses the 

detailed multi-layer structure could simulate layer-specific contaminant concentrations which would be more 

comparable to the natural aquifer system This type of model would be better suited for a heterogeneous 

aquifer system. 

The goal during the screening model development was lo create a single flexible model which could 

adequately estimate the maximum contaminant concentrations in the vadose and saturated zones undertying 

any given source area in the FEMP. To accommodate this goal, the model was created so that 

concentrations could be calculated in two separate vadose zone layers and at two separate saturated zone 

locations (Le.. under the source area and a down gradient location which is usually at the fence line). The 
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a saturated thickness used in the ECTran model was the mixing depth. This thickness is usually smaller than 
b ,the thickness used for the top layer in the current SWIFT model. The current S w l n  model has two model 

layers in the Upper Great Miami Aquifer which has a n  about 65 to 75 feet saturated thickness. The current 
top SWIFT model layer is 40 feet (in which about 35 feet is saturated). Using Equation (8) in Section 3, 

calculated groundwater mixing depths at the FEMP are usually between 10 and 20 feet Therefore, with the 

mixing depth approach. the ECTran model provides higher resolution than the current SWIFT m o d d  in the 

saturated zone. ECTran, thus, gives more conservative estimations of the maximum groundwater 

4 

3 

contaminant concentrations. Due to the differences between the mixing depth used in ECTran and the fixed 

top layer thickness in current SWIFT model alone, the maximum groundwater concentrations estimated by 
ECTran are expected to be at least 2 t o  4 times higher than corresponding concentrations by the current 
SWIFT model. 

There are  also limitations to having a simple model as compared to a very rigid, detailed model. The 
ECTran model uses uniform flow equations. considers only one source at a time, areal coverage limited to 
one specific region, and the model represents the aquifer as a single, continuous, homogeneous layer. In 
comparison the SWIFT model uses nonuniform flow equations, can consider multiple sources at one  time, 
the areal coverage of the model is almost limitless. and the aquifer can be separated into discrete grid 

blocks each having its own properties to account for the heterogeneities in the aquifer. a 
5.2 MODEL RESULT 

In general, different models may simulate the same system slightly differently. The differences a re  usually 
due to the simplifications and assumptions in the conceptual models, governing equations. numerical 
methods, and amount of detail used by each model. A comparison can be made to quantify the differences 
between the ECTran model results and the ODAST and SWlFf models results. So that the comparison is 
equal, the same input should be used for each of the models. Table 5-1 summarizes site characteristics for 
comparing two OU2 waste units that were used for the three models of interest. It is reemphasized that 

significant differences between the two modeling approaches are  expected. Therefore, the purpose of these 
comparsions is to demonstrate and quantdy the relative conservativeness. The accuracy or correctness of 
either model a re  not the main focus of the comparsions. 
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TABLE 5.1 6 5 0 4  
SUMMARY OF MODELING CHARACTERISTICS 

FOR TWO OU2 WASTE UNITS 

111 

m 

P 

Uranium concentration estimated in the previous RI report (DOE, 1992). 
& value used in the previous RI report. The area-specific & values are 
currently under laboratory study. 
The aquifer thickness presented is an approximation of the Upper Great 
Miami Aquifer thickness. The values in parentheses are the calculated 
mixing depths used in the ECTran modd. Thickness of the top layer in the 
current SWIFT model is 40 lt. 
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Thendata summarized in Table 5-1 was used in the ECTran, ODAST, and SWIFT models. A comparison of 
&e ECTran and ODAST model's results is presented in Figures 5-1 and 5-2. From Figures 5-1 and 5-2 it 

can be seen that the ECTran and ODAST models compare fairly well for lnactiye flyash Pile Waste Site and 
not as well for the Solid Waste Landfill She. The reason for the difference is that the two waste units have 
different source characteristics. The Inactive flyash Pile has a very long depletion time for the source due 
to the presence of a large amount of contaminant mass, small u (decay constant), and long T, (time for 
complete depletion of source). With these characteristics, the source of the Inactive flyash Pile waste unit 
acts like as a constant source, which is the same way ECTran models the source loading. In contrast. the 

Solid Waste Landfill has a very short depletion time for the source due to a limited amount of contaminant 
mass, large u (decay constant), and short T, (time for complete depletion of the source). A source with 
these characteristics will deplete quickly and is not directly comparable to a constant source. 

('. ' 2 

A comparison of the ECTran and SWIFT model's results is presented in Figures 5-3 and 54. From the 

figures it is obvious that the ECTran model is more consenmtive than the SWIFT model. For the Inactive 
Flyash Pile the ECTran concentrations are approximately five (5) times greater than the SWIFT predicted 
concentrations. In comparison the ECTran results for the Solid Waste hndml vary from approximately 5 to 
155 times greater than the SWIFT results. The differences between the results are due to both the 
thicknesses of model layers and the source depletion characteristics. After reviewing the comparison 
between the ECTran model and the current ODAST and SWIFT models it is obvious that the ECTran model 
is more conservative than the other models. Therefore, the ECTran model can be used safely as a 

screening model but the model may over estimate the final (e.g.. after 1,000 years from the current time) 
contaminant concentrations in the aquifer. These final concentrations should be estimated using the more 
complex ODAST/SWIFT model combination which considers depletion of the source term. 

Although not directly related to ECTran model development and application, it is also important to note that 
the current SWIFT groundwater fate and transport model is currently under improvement activiiies (DOE, 

1993b). One of the improvement tasks is to increase the vertical resolution by dividing the current top layer 
into two (2) separated model layers. After this improvement. it is expected that maximum concentrations 
estimated by SWIFT model will increase by two (2) to tour (4) times. The difference between ECTran and 
ODAST/SWFT model will then be insignificant within a fivehundred-year time frame for the major 
contaminant (Le.. uranium) in most of the source areas at the FEMP.because of the existing amount of 
contaminant. 
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5.3 MODEL RUN TIME 

The model run times for the ODAST/SWIFT model combination are  very lengthy, approximately 30 hours 
using a 486/50 PC to simulate a single Uranium transport scenario for 1,000 years. The required run time 
for some other contaminants a re  even longer (e.g.. 3 days for technetium). Because of this lengthy run time, 
a screening model (Le.. the ECTran model) was developed. The run times for the ECTran model vary 
depending on the particular case scenario but are  independent of chemicals simulated. Generally ECTran 
requires between 4 seconds (for single simulations) to  30 minutes (for automatic Monte Carlo simulations 
and interactive simulations for model calibrations or cleanup goal developments) to run. This run time range 
is far less than ODAST/SWIFT model combination run time. Therefore, by using the ECTran model a greater 
amount of runs can be made and many more case scenarios and chemicals of concern can be investigated. 

.. . 

@ &3 
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6.0 APPLICATION 

This section discusses potential uses of the ECTran as a screening model during the RI/FS processes at 

the FEMP. As stated earlier, the primary objective of the proposed screening model is to efficiently support 

the current ODAST and SWIFT models in tasks where large numbers of long-term modeling runs are 

required. These tasks may indude: transport model calibrations for specific contaminants and source areas; 

initial contaminants of concem (COC) screening; working deanup goal deveiopments; preliminary 

comparisons between remedial alternatives: and parameter sensitivity analyses. ECTran can also be utilized 

to perform stochastical modeling which ODAST and SWlFT were not designed for. 

6.1 EXAMPLES OF PREVIOUS APPLICATIONS 

Spreadsheet-based fate and transport models. using the same governing equations as ECTran. have been 

applied in other RCFIA and CERCLA projects. These projects were located in U.S. EPA Regions 111, VI. 

and X The modeling tasks induded the following types: developing soil cleanup goals: ACL 

demonstrations: estimating groundwater cleanup times; and identifying potential contaminant source areas. 

Most of the sites, for which these modeling tasks were conducted. usually had insufficient information to 

support more complex fate and transport models. The reasons for the insufficient site information usually 

are that the hydrogeological and contamination conditions are too complicated or the project is still in its 

early stages. 

Some of the previous applications are presented in one of the attached papers (Appendix C.1. Chiou and 

Hubbard. 1992). Other applications such as parameter sensitmy analyses using these models were also 

frequently conducted. The other attached paper (Appendix C.2. Chiou et at., 1992) summarizes some of 

the typical sensitivity analyses conducted during cleanup goal development processes. 

6.2 PROPOSED APPLICATIONS AT FEMP 

Considering the capabilities and limitations of ODAST. SWIR, and ECTran models, possible applications 

of ECTran are identified. These applications should be able to streamline and enhance the qualities of the 

fate and transport modeling tasks required in the RI/FS processes at the FEMP. The following subsections 

describe the proposed ECTran applications. 

. 
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6.2.1 Workina PRG Development a '- 6 5 0 4  
The ECTran model could be used at the FEMP to develop Working Preliminary Remediation Goals (WPRGs). 

The prefix Working' is used to describe PRG since the goals which are developed by the ECTran model 

will be preliminary and considered as 'ballpark numbers.' The purpose for developing WPRGS' using ECTran 

is to assist the FS process in evaluating remedial alternatives in a timely and cost-effective manner, before 

all the contarninant and hydrogeological data for detailed designs is available. The FS team may require 

these WPRGs since at the FEMP each Operable Unit is conducting the RI and FS in patallel in order to 

Yast traclC their completions. This situation is a detriment to the FS team since they have to develop 

remediation strategies without the benefit of having the complete RI results. However, by estimating the 

WPRGs using ECTran, the FS team can determine what contaminants will have a major impact on 

remediation and identify and resolve potential difficulties for selecting the final remedial alternative earlier. 

The ECTran model is well suited for developing WPRGs since there are numerous contaminants and 

exposure scenarios to be investigated in the early stages of the FS. WPRGs can be determined for any 

number of contaminants, exposure scenarios, and risk-based groundwater or soil criteria. The ECTran 

model can be used to calculate WPRGs more than 300 times quicker than the ODAST and SWIFT' models. 

Applications of the model will also allow the FS team to investigate several possible remediation strategies 

without relying on the complex models. 

. 

A typical WPRG development procedure for a contaminant consists of: (1) calibrating the source leachate 

concentration against the available groundwater Contaminant concentrations in 1000 and 2000 series 

monitoring wells: (2) using the calibration results to determine the current contaminant concentrations in 

Layers 1 and 2 which can be subsequently used as the initial conditions for these layers during WPRG 

development: (3) estimate WPRGs based on a chosen remediation strategy (e.g.. source removal/reduction 

or capping); (4) for source removal, the Layer 2. layer 1. and source leachate concentrations would be 
modified. in that order, until the modeled maximum contaminant concentration at the exposure point equals 

the risk-based criteria: (5) for capping altematwe. the infiltration rate would be reduced until the modeled 

maximum contaminant concentration at the exposure point equals the risk-based criteria; and (6) A 

sensitiwity analysis on pertinent model parameters could also be performed in order to assess the effects 

of these parameters on WPRGs. 
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In addition to WPRG development ECTran can be applied for individual contaminant source areas during 

the initial stages d f  the following tasks: 

0 Transport model calibrations 

0 ACL demonstrations 

0 

0 COC screening 

S e n s i t i i  analyses of model parameters 

Due to ECTran’s short run time, large numbers of simulations can be run when the 

uncertainties associated with model parameters are still high. R e s u l t s  of these preliminary 

runs can then be used to select specific or a smaller range of values for each model parameter 

to be assigned in the ODAST and SWIFT models. Therefore, the number of necessary OOAST and 

SWIFT model runs, which will require very long run times, can be significantly reduced. 

Because of the conservative nature of the ECTran model, it can be used to screen out 

contaminants that are very unlikely to cause future impact on the groundwater from the 

pathways simulated by the model. Therefore. the number of contaminants which need to be 

further studied by ODAST and SWIFT can be reduced. 

When both ECTran and ODAST/SWIFT modeling results for the same case scenario are available, 

crossverification can also be conducted. During cross-verification the predicted levels 

and occumng times of the maximum groundwater concentration can be compared. Although 

exactly the Same results are not expected from these two different models, the cross- 

verification process can ensure that the models have been applied properly when similar 

results are obtained from both models. 

6.23 Stocbastical Modelinq 

Wlth the Monte Carlo simulation capability. ECTran can be used to perform stochastical/probabilistical 
groundwater contaminant fate and transport modeling. The uncertainty associated with the model 

predictions can be quantified. Also, the probabillty of success of a given remedial alternative can be 

estimated. 
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SUMMARY 

The model is based on straight forward mass-balances and advectioddispersion equations but can be 
used to simulate a variety of complex conditlons. To date, HAUIBURTON NUS has employed the 
model to determine soil cleanup goals, Alternative Concentration Limits, and to suppon baseline risk 
assessmenVhuman health and environmental evaluations for both CERCIA and RCRA applications. 
The model IS extremely user friendly and can be used by personnel with diverse technical 
backgrounds. 

Several advantages of a spreadsheet-based model over a traditional "pre/post-processor and main 
program approach" are apparent. Because the simulation i s  implemented by a spreadsheet, the 
model input and output data are contained in the same file. It is extremely easy for the user to  
change values oi any specific input parameters, and the effects of various input values can be seen on 
the computer screen. The graphical and statistical capability provided by the spreadsheet makes 
presentation of tne model results very efficient and flexible. 
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points. The lengths of the flow paths from each site (or discrete site-specific sources) were divided b 
the simulated travel times to  determine an interstitial pore velocity. The annual recnarge (Q,)  for 
each site was determined using the HELP Model. 

Soil remediation goals were determined based on the assumption that the groundwater was either 
uncontaminated or that it would be restored to  acceptable concentrations. Therefore, for moael 
execution, C (the concentration in infiltrating precipitation), C, (the concentration in upgradient 
grounawater, and (the concentration in groundwater beneath the site) were all set equal to  zero 
at time t = 0. Funhermore, the concentration in infiltrating precipitation and the upgradient 
concentration remaihed a t  zero tnroughout the model execution. The saturated zone groundwater 
concentration i s  contingent upon loading from the source and fluctuates as a function of time. 

Once the input parameters had been established for each site and contaminant. an interactive. 
trial-and-error approach was used to  determine acceptable source concentraaons. A soil 
concentration was entered and adjusted until the maximum downgradient concentration at the 
point of exposure aid not exceed the groundwater goal. 

ACL Demonstration - Maior Chemical Manufacturer 

An Alternate Concentration Limit (ACL) demonstration based on discharge of contaminated 
grounawater to surface. waters in the vicinity of a major chemical manufacturer's facility was 
comoleted. lncioental ingestion of surface water and ingestion of aquatic organisms that have 
accumuiated discnarged groundwater contaminants were considered the exposure routes of concern 
for human receptors. These points of  exposure and exposure routes were considered to  develop 
Maximum Allowaoie Exposure Concentrations (MAECs). ACLs were then determined via contaminant 
fate and transporr analysis such that the MAECs are not exceeded. 

Several unsuccessiul attempts to develop a comolex. numerical. groundwater flow and transDon 
simulation model tor the facility had been comoieted by other consulting firms. In view of the 
comoiexity of tne site hydrologic conditions. HALLIBURTON NUS deemed it approoriate to  employ 
simoiiiiea analyrical solutions to simulate contaminant mlgration. Nevertheless, the previous studres 
proviaed input values lor most of the rewired oarameters tor the ACL demonstration. 

Figure 6 deoicts a conceptual cross-section of tne m a y  area. Two of the three surface water bodies in 
the vicinity of tne site were treatea as autescent ooaies with no  dilution potential. A n  
accumulation/volatiIization model was aevelooeo and incorporated into the spreadsheet to simulate 
fhe exoosure point concentrations in these two surface water bodtes. A tidal dilution model was 
aevetoDea for tne third surface water booy to estimate cnemtcal concentratlon distrioutions. Based 
on grounawater oischarge rate, chemlcal concentrations tn the groundwater, and a tidal amplitude, 
:he moael was usea to  estimate the steady-state aatly maximum or average chemical concentrations 
In tne oay Tneretore. the dilution factor oetween grounawater ana each moael segment resulting 
from mixing ana m a l  movement was aetermtnea 

ACLs were eventually developed for each of me  cnemtcais of concern using the moael. The observed 
concentrations oi some cnemtcals exceed the ACLs oasea on tne exposure oathways oi concern. The 
fact tnat some of the orotecttve ACLs have oeen exceeoed indicates that containment eifons 
(interceoror trencnes) are necessary and were tmoiemented in a timely manner Continued 
interceotion of grounawater plume IS plannea until acceotaole concentrations (ACLs) are attainea at 

. tne unit oounaarv 
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DEVELOPMENT AND APPUCATION OF A SPREADSHEET-BASED 

MULTIMEDIA CONTAMINANT FATE AND TRANSPORT MODEL 

Jyh-Dong Chiou and Robert J. Hubbard 

HAUIBURTON NUS Environmental Corporation 
Pittsburgh, Pennsylvania 

INTRODUCTION 

A spreadsheet-based, multimedia, contaminant fate and transport model was developed to  support 
screening-level risk assessment, cleanup goal development, and Alternate Concentration Limit 
determination for hazardous waste treatment, storage, and disposal facilities. This paper discusses 
various components of the model used to simulate contaminant washout from a source area. 
downgradient solute transport. and estimation of receotor concentrations under various types of 
exposure scenarios. A spreadsheet was used to  implement and link various simulation modules and 
to simplify the model input. interaaive execution, and output presentation processes. The model 
guides the user regarding the influence of various parameters on the Contaminant concentration at 
the point of exposure ana, thereiore, focuses remeaial measures or data collection efforts. 

a 
MODEL DEVELOPMENT 

Contaminant Source Module 

A system of analyrical models which describe various aspects of source loading and contaminant 
washout from botn the unsaturated ana saturated zones was configured via straigntfontvard mass 
balances. Althougn several simplifying assumotions were made, the model can simulate very complex 
source-loading scenarios, as snown In Figure 1 For example. any combination of the following 
aspects of source loading and contaminant warnout may oe simulated: 

Surface infiltration and percolation 
Contaminant loading via infiltration 
Sorption in the  unsaturated zone 
Uogradient groundwater flow 
Contaminant loading via upgraaient flow 
Sorotion in the saturated zone 
Zone-soeciiic Contaminant becay rates 
Zone-specific initial contaminant concentratlons 
Constant or time varying concentration In tne unsaturated zone 
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FIGURE 1 : CONCEmUAL MODEL OF THE SOURCE AREA 
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Variables used to describe/quantify these processes are shown in Figure 1 and are defined as follows: 
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C IS the contaminant concentration in infiltrating precipitatton (mg/L) 
Q1 i s  the infiltration rate (Uday) 
C, IS the aqueous concentration in the unsaturated zone (mg/L) 
Lo IS the initial value of e, (mg/L) 
5 IS the saturation fraction (dimensionless) 
M is  the total mass of contaminant in the unsaturated zone (mg) 
W, i s  the weight of soil in the unsaturated zone (kg) 
V, is the void volume in the unsaturate0 zone (L) 
C, i s  the contaminant concenrration in uograalent groundwate- mg/L) 
Q2 IS tne uogradient srounowater flow rate (Uday) 
Cw, i s  tne aqueous concentration in tne saturateo zone (mg/L) 

i s  the initial value of Cwa (mgfL) 
MLis tne total mass of contaminant in the saturated zone below the source 
V,, IS the void volume in the saturate0 zone ( L )  
W,, IS the weight of soil in tne saturate0 zone (kg) 
Q3 IS the combined downgraaient f low 10. - 021 (Uday) 
x 1 ,  A 2  are tne first-order decay rates In trre unsaturated and saturated zone jay-’) 
K,, K,, are the aqueouvsolid onare oistrioution coefficients in the unsaturated and 
saturated zone, resoeaively (Ukg) 
t I S  time (aays) 

Unsaturated Zone 

A mass balance for the wash out of contaminants f r o m  a n  unsaturated source area, assuming that the 
Infiltrating precioitation contains background contamination and tnat disoersion in the unsaturared 
zone IS negligible. yields the following exoresrion for tne tirnedeoendent concentration in the 
unsaturateo zone: 
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For an initial condition of C, = Lo, this equation may be solved via direct integration to yield the  
following solution: 

Saturated Zone 

Using a similar approach, a general case for the saturated zone which includes a timedependent 
source loading term (C, as described above) and an upgradient contribution as a result of 
background contamination may be written in t h e  following form: 

and has a general solution as iollows: 

Where: h = Jp(t)dt and K is a constant of'integration 

This eauation may be solved for t h e  initial condillon of La =, La, using t h e  preceding integrating 
factor aporoach or t h e  method of undetermined coefficients to yield t h e  following: 

Special Cases 

!n aaditron K O  this standard form of t h e  solution. the following two special cases were also 
consraerea: 

__ 

0 For a constant-concentratron unsaturated zone (;.e., C,= C), t h e  saturated zone equation 
becomes: 

D- 1-1-52 
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0 In the case of K2 = KIKg,  the solution of Eq. (3) and thus the saturated zone equation 
becomes: 

Downaradient Solute Transport Module 

A simolified version of a general solution to a three-dimensional advectionldispersionlsorption/decay 
equation was used to simulate solute transport. It provides an estimate of the contaminant 
concentration at  a receptor location or discharge area downgradient of the source area under 
different source-loading conditions. As a result of the complexity of this model, a separate, 
executable FORTRAN program was required to perform the calculations. The linkage between the 
main spreadsheet and this executable file was accomplished using macro commands in the 
spreaasheet. 

The basic equation, a modified version of a general constant-source equation developed by 
. Oomenico (1987), for the plume centerline is  as follows: 

Where: C = the downgradient concentration along the Plume centerline (mg/L) 
C, = the constant groundwater Concentration atlbelow the source (mg/L) 
X = the distance downgradient of the  source (ft) 
v = the contaminant velocity (ftlyear) 
t = elapsed time since the beginning of the source loading (years) 
D, = the principle value of thedisoersion tensor in the x (longitudinal) direction (ftz/year) 
Y = source dimension in the y (lateral) direction (ft) 
D, = the principle value of the dispersion tensor in they (lateral) direction (ftz/year) 
x 3  = decay rate 

in the oreceding exoression, erf and etfc are tne error iunaion and the complimentary error function. 
resoectively. Vertical dispersion was not considerea in eauafion ( 7 )  in order to provide a conservative 
estimate of the exposure point concentration The contaminant velocity i s  determined as the 
grounowater interstitial pore velocity divided by tne retardation factor. The retardation factor can 
be estimated using the distribution coefficient (Kd) and the bulk density and porosity of the soil. 
Equation (7) was applied ushg suoerposition to simulate the time-dependent source loading. For _. this 

000594 
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system that assists the user t o  estimate necessary*hydrogeological and chemical parameters f 0 model. The source loading from the unsaturated zone must be specified by the user. 

Discharpe/Exoorure Module 

Analytical models for estimating Contaminant concentrations at four different types of exposure 
points were developed and incorporated into the spreaasheet They include direct use of 
groundwater, as well as groundwater discharge into a flowing stream, a closed lakdpond, or a tidally 
affected water body. As shown in Figure3, the discharge/exposure module of the model estimates 
the dilution caused by mixing of contaminated groundwater with surface water and. thus, the 
contaminant concentration at  an appropriate exposure point. 

FIGURE 3: MPES OF EXPOSURE POINT AND ASSOCIATED ATENUATION IMPLEMENTED 

a 
Contaminant 

Concentration 
a t  Groundwater 
Discharge Point 

Domeotic/Production Well 

No Further Dilution 

Exposure Point 
Concentration Volumetric Dilution 

C I '  I 

Estuary 

I I  I Tidal Dispersion/Dilution 

1_1 La ke/Pond 

Accumu lation/Volatilization 

Althougn the basic eauafions for estrmatrng drlutlon factors In streams, estuarys, and lakes (Thomann 
and Mueller, 1987) are simple. it IS usually necessary to modify or combine several eauations, based 
on the sire-specific conditions, to obtain tne final ailutlon moael. Therefore, details or a generalized 
approacn regaraing tne aevelooment of the allutlon faciors used in tnis moaule will not be aescribed 
In tnrs oaoer. 
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timedependent source, the concentrauon at a downgradient locauon at a given time T can be 
estimated using the following procedure. First the conunuous funmon of the ume-dependent 
source concentration (Eq. (41, (5). or (6)) i s  approximated by a series of step impulses which simplifies 
the soluuon and is  also more conservative than the original function as shown in Figure 2. 

FIGURE 2: CONCEPTUAL MODEL OF THE SOURCE CONCENTRATlON 

source 
concentration 56 

i 

Time 

The concentration at X feet downgradient of the source a t  time T can therefore be estimated by 
superposition oi constant source soiutions (Eq. (7)) for all Impulses prior to time T as follows: 

I' 
CkTl = - I c ( s .T - t i .S , )  - C( !LT- t i  - Ati,Si 11 

1 3 0  

=Cj)( .T-r , , .Soi-C!S.T-t  0 - Ato, So)+ 

I 

C ( S . T - t , . S , ) - C ( S . T - t , - ~ t , . S 1 ) -  . . .  - 
I 

C( S . T - t  n n  .S ) - C( S . T - t  - A t n , S n )  ( 8)  

Where: 5. IS the source concentration of the it3 Imoulse; t. IS the stantng time of the i t n  impulse: At, i s  
the time interval for the itn Impulse; T-t,-A;-=O. and C (X, T) IS the comoined effects of n + 1 
impulses. In the preceaing eauation. C I X .  t. 5)  [ I  e , Ea. (711 IS the concentration a t  X caused by a 
constant source with concentration S for a auration of t. Thereiore, C(X,t,S) neeas to be apolied twice 
to aeiermine each single tmuulse's net lasting effect a t  time T. This aporoach i s  similar to the 
proceaure used in the Exoen ROKEY Comouter System (McClymont and Schivane, 1987). The Expert 
ROKEY Computer System i s  a saturates-zone contaminant fate ana transpon moael with an expen a 

- .- 
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MODEL PARAMETER ESTlMATlON 5504  
Table 1 i s  an example of the outout generated using the developed model for a direct groundwater 
use scenario. Values of input parameters that  must be specified by the user are circled. These 
parameters can be estimated based on sitespecific conditions such as the extent o f  source 
contamination (i.e., LENGTH and WIDTH); soil characteristics (Le., POROSITY, DENSITY, and FOCI; 
hydrogeologic informauon (Le., GW VEL, DISTANCE, DISPERSIVITY, and THICKNESS); water budget 
information generated using models such as the Hydrologic Evaluation of Landfill Performance 
(HELP) Model (i.e., INFILT. and SATURATION); contaminant concentration (i.e., CWAO); and 
background contamination (i.e., C and CU). As one of the user-specified input values, the upgradient 
groundwater flow velocity (GW VEL) can be estimated by the following equation: 

GW V E L  = average GW gradient x average hydraulic conductivity/POROSIN (9) 

The longitudinal dispersivity (Ax) is usually taken as 1/10 of the DISTANCE, where the transverse 
dispenivity (Ay) is  equal t o  1/3 of the longitudinal value. The rest of the parameten in Table 1, as well 
as some parameten used in Figure 1 and Equations (4) and (7) are internally calculated automatically 
by the soreadsheet. using the following equations and the user-specified parameten (proper 
conversions of units): 

Contaminant source model parameters shown in Figure 1 : 

INFILT. x LENGTH x WIDTH 
POROSITY x LENGTH x WIDTH x THICKNESS (unsaturated zone) 
KOC x FOC (unsaturated zone) 
DENSITY x LENGTH x WIDTH x THICKNESS (unsaturated tone) 
C,,,, x (SATURATION x V, + Kd x W,) 
CLEAN-UP GOAL I K,j 
GW VEL. x WIDTH x THICKNESS (saturated zone) x POROSITY 
POROSITY x LENGTH x WIDTH x THICKNESS (saturated tone) 
KOC x FOC (saturated zone) 

DENSITY x LENGTH x WIDTH x THICKNESS (saturatea zone) 

Qi  + 02 
DECAY RATE = -ln(0.5) I HALF LIFE (zone specific) 

Cwa x (Vwa + KO, x WsJ 

Downgradient soiute transpon moduie parameters used in Equation (7): 

RETARDATION = 1 + DENSITY x KD/POROSlTY 
SQ. SI, S2,orS-j  as m o w n  In Figure 2. 
DISTANCE (distance from tne aowngradient eage of the source area to the 
exposure ooint) 
Q3/(POROSITY x WIDTH x THICKNESS) 
GW V. I RETARDATION 
WIDTH 
V x DISPERSIVITY (Ax) = V'x 0.1 x DISTANCE 
V x DISPERSIVITY (Ay) = D, / 3 
DECAY RATE = -In(O.S) I HALF LIFE (zone specific) 
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TABLE 1: EXAMPLE OF MODEL OUTPUT 
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Assuming simple hydrolysis and biodegradation, the zone-lwcific decay rates (Le. X1, x2, and x3) can 
also be estimated by.the following equations (Huyakom et al., 1987; Salhotra et al., 1990): 

Where: 

Ad = first-order hydrolysis rate constant for the dissolved constituent (day-;) 
x, = first-order hydrolysis rate constant for the sorbed constituent (day-;) 
A b  = first-order lumped biodegraaation rate (day-') 
0, = volumetric water content in tne unsaturated zone (dimensionless) 
0 = volumetrtc water content in the saturated zone (i.e. total porosity) 
ob = soil bulk density, g/Cm3 

le and ls are chemical specific and depenaent on the soil and groundwater conditions. The required 
iniormation and method for estimating Xa and Is are described by Huyakorn (Huyakorn et al.. 1987). 

Although the contaminant soyrce module assumes a homogeneous unsaturated zone, the use of  the 
HELP Model to  determinh the infiltration rate and the aegree of Saturation externally can allow the 
layered structure of the unsaturated zone to De consiaered, i f  necessary. The percolation from the 
bottom layer and the weighted average of saturation in each layer estimated by the HELP Model can 
be used as the infiltration rate and the unsaturated zone saturation ratio in th is model. The thickness 
of the  saturated zone. which represents tne vemcal  extent of contamination in the model, I S  usually 
based on tne minimum of the following tnree oossible values: 

0 

0 

0 

The thickness of the entire saturated zone. 
The lowest position of detectea contaminants oi concern. 
The mixing zone aeotn calculated by the following equation (Salhotra et al., 1990): 

Where: H IS the mixing zone aeoth (ft); 8 IS the total saturated zone tnicknesr (ft); V,, I S  the vertical 
seepage velocity (ftlyr); L i s  the lengtn oi tne source area (frl; V. IS the nc:itontal seepage velocity 
(fvyr); and a, i s  the venical disoersivity (fr) 

In cases where tne net recharge outside tne source area oercolating directly into and diluting the 
downgradient contaminant olume is  signiiicant. me effective aecay rate in the aowngraaient area 
can be increasedfo 13*, as follows 
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a where q is  the annual infiltration rate in the downgradient area (Wyear). 

With all of the parameters determined (either via direct input or internal calculation), Eqs. (2). (4) [or 
(5) and (6)], and (8) are then used in the model to calculate &, La, and C. respectively. Since the 
model i s  implemented on a spreadsheet, the graphical capability of the Spreadsheet can be directly 
utdized for presenting the model resulu. Figure 4 shows the graphical presentations of simulated 
&, La, and C for the example in Table 1. Both Table 1 and graphs in FigureA are generated by the 
spreadsneet. 

APPLICATION 

Three case studies describing instances in which the model has been used to determine cleanup goals 
are described below. 

Cleanup Goal Selection - EPA Superfund Site 

The model was used to determine soil cleanuo goals at a Superfund site in Virginia. Soil meaia in 
localized areas was contaminated in both the saturated and unsaturated zones. The model was run 
under an interactive approach to determine the maximum unsaturated zone soil concentrations that 
will result in attainment of the Safe Drinking Water Act Maximum Contaminant Levels (MCW at the 
downgradient edge of the saturated zone beneath the site. 

For this panicular application, existing contamination was specified based on actual analytical data 
for saturated zone. The infiltration rate (01) was estimated using the HELP Model, based on local 
meteorological conditions. Soil mechanical and hydraulic properties, which were determined from 
samples cglleagd from the site, were used as model inputs to simulate contaminant washout from 
the unsaturated zone and contaminant transoon in the saturated zone. The model was run for 
19 different compounds and for various concentrations. Based on the results of the modeling efforts, 
a variety of potential cleanup scenarios were ioenti fled. Remedial alternatives for each scenario were 
developed for €PA review 

Cleanup Goal Selection - DO0 Facility 

The model was used to develop cleanuo goals for numerous contaminated areas at a DO0 facility in 
Texas based on specific remedial objectives. Figure 5 shows the contaminated zones a t  the facility 
and the chemicals of concern. The overall remeaial objective was to protect human health and the 
environment and achieve Appiicable. or Relevant and Aooroprrate Reauirernents (ARARs) a t  a 
location immediately aojacent to a receiving surface water oody or at the base boundary. The goals 
were establisnea based on €PA and T W C  (Texas Water Commission) "acceptable" risk levels and 
assumptions regarding ultimate land uses ana contaminant exDosure pathways. 

Leachate generation. dilution in the aauifer beneath the sites, and downgradient transoort, 
including hydroaynamic dispersion and sorotion. were considerea to determine soil concentrations 
that corresoond to the groundwater remeatation goals at the point of exposure. Althougn many of 
the soil contaminants a t  the various sites are suojecr to environmental degraaation via hydrolysis or 
microbial degradation. these decay mechanisms were not Considered. Model input parameters were 
determined based on available site iniormation ana on professional judgment if site-specific values 
were not available. 

Two otner models were used to aetermine cenatn Inbut Darameters. The groundwater velocity for 
each site was determinea from a calibratea. panrcle-tracking, groundwater model completed in 
suopon of a Remeaial Investigation a t  the faci l i ty .  Th is  model was used to delineate flow paths and 
to predict tne travel time of a panicle from tne various sources to the stream or other exposure 
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IMPLICIT REAL* (A-H, L. 0-3 
DIMENSION CO(S),TC0(55) a C 
OPEN(UNIT= IO,FILE= 'SOURCE.DAT.ST'A"LJS='OLD*) 
OPEN(UNIT= 1 1 .FILE= ' E B o . D A T  .STATUS='NEW') 

C 
READ(l0. *) V,RF,DISI'.Y .HL,AX.AGE.PTY 
READ( 10. +) crco~J),co(J-)J= 1.5 1) 

C 
DTl = TCO(2)-TCO( 1) 
DT = DTl 
CAGE = CO(1) 
DO 400 I=1.51 

IF((TCO(r) + DT).LE.PTY) THEN 

EISE IFCTCOO.LT.PTY) THEN 

ENDIF 

cog) = 0.0 

DTl = DT - (FTY - TCOO) 

400 CONTINUE 
C 

AY=AX/3. 
v=v/RF 
DX=AX+V 
DY= AY*V 
IF(HLGT.0.W) THEN 

ELSE 

ENDIF 
TIME=O.ODO 
X3 = DERF(Y/(4.0DO*DSQRT(DYIV*DIST)))1 

LAMDA-DLOG(Z.DO)/HL 

LAMDA=O.DO 

1 MP((DIST/(2.0DO*DX/V))* 
2 ( 1 .OW-DSQRT( 1 .0DO+(4.0Do*LAMDAoDX)/(vl12.D0)))) 
print ". 'Please wait! Calculating exposure point concentration.' 

300 c500-0.oDO 
IF(TIME.LE.FIY) GO TO 200 
DO 100 1=1.51 

IFCOflI.EQ.O.0) GO TO 100 

IFCTCO(I).GE.P'IY) THEN 
IFCTCO(I).LT.(TIME-DT)) THEN 

TI = TIME - TCO(I) 
E = TIME - TCO(I) - DT 

TI = TIME - PTY 
12 = TIME - PIY - DTI 

ELSE IF(CTCOO)+DT).GT.PTY) THEN 

ENDIF 
X I  =DERF((DIST-VrTI *DSQRT( 1 .DO+ (4. DooLAMDA"DX)I(V*2.DO))) 

X2= DERF((DIST-VW*DSQRT( 1. DO+ (4. DOoLAMDA'DX)/(V*Z.DO))) 

cx = CO(I)+x3/2.DO*(X2-x1) 
a00 = c500 + cx 

I 42.DO*DSQRT(DXTI)) ) 

1 /(2.W*DSQRT(DXulZ)) ) 

ELSE IFCTCOCI).GE. (TIME-DT). AND. TCO(I). LT.TIME) THEN a IFCTCOCI).GE.PTY) THEN 

5 5 0 4  i 
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--. i d .  !j *P* f: 
3, x. . , Tl = TIME - TCOO 

ELSE IF((TCOO+DT).GT.PTY) THEN 

ENDIF 
XI =DW(@IST-VUrl*DSQRT( 1.DO+(4.DO*LAMDA*DX)/(VU2.W))) 

Tl='IIME-€"Y 

1 /(2.DO*DSQRT@XUrl)) ) 
cx = co(I)*mnyl-xl) 
moo = moo + cx 
GO TO 200 

ELSE 

ENDIF 
1 0 0  CONTINUE 
200 TI = TIME + AGE 

n = T I M E  
XI =DERF(@IST-VUrI *DSQRT( 1 .W+(4.Do*LAMDA+DX)/(Vq.m))) 

1 /(2.W+DSQRT@XTl)) ) 
X2 DERF(@ISr-V+n*DSQRT( 1 .DO+(4.Do*LAMDA*DX)/(V~.DO))) 

1 /(2.DO*DSQRT@X+R)) ) 

a00 = a00 + cx 
wFuTE( 1 1.2OOo) TIrvEcsOo 
TIME = TIME + DT 
IF(TIME.LE.DT'50.) GO TO 300 
STOP 

= CAGE*X3/2.M)*(X-XI) 

900 FORMAT(4X.7D9.3) 
loo0 FORMAT(4Xb9.3D9.3) 
too0 FORMATFI 1.3.2X.EI2.4) 

END 
C 

C 

4 

2 

1 

6 

FUNCTION DERF(X) 

IMPLICIT REALIS (A-H. 0-2) 
DIMENSION A(5) 
DATA A/0.254829592W.4.2844%736D0.1.421413741~.-1.453 152027W. 

*1.061405429W/.P/0.327591 ID01 
SPl =O.OW 
IF(DABS(X).GT.5.ODO) GO TO 6 
IF(X) 2.4.2 
SPI = 1 .OD0 
GO TO 6 
SP= DABSCX) 
T= 1 .Om/( 1 .OM)+ P*SP) 
SPI =o.oDO 
DO I I=1.5 
SPI =SPl +A(I)YT*I 
SP 1 = SP 1 *DMP( -SP*?.) 
DERF = l.OD0-SPI 
IF('X.LT.O.OM)) DERF = -DERF 
RFNRN 
END 

- 

a 
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APPENDIX B 

FORTRAN IMPLEMENTATION OF DOWNGRADIENT TRANSPORT 
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Crystal B.U Repod 
Simulraion s?afred on 8/6/93 a1-16:46:48 

Simuhtion stopped on 8/6/93 a! 1721 36  

I 

This trend chart displays the certainty ranges of the concentrations at the 
source area and fence line. The bands of certainty n m w  down from the 
maximum source area concentration to the maximum fence line 
concenuation. This indicates that the maximum source area concentration 
is higher than that of the maximum fence line concentration and the 
standard deviation of the source area concentration is grearer than that of 
the- fence line concentration. 

5504 
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T a m  f a m a t  MAXINUN SOURCE AREA CONcflDTRAnON 
1 
I LAYERZtW I 4 9  I 

INRLT. /FT/yA): 1 .= I 

I 
a LAYER 1 foe I -41 

I 
I Gwv.(FT/MI): -.?I 

LAYER 1 SATURATK)N 

DOWNGRADleCT foc 
LAYER 2 SATURATION 

I .m I 
I 4 2  I I 

.01 ! I 
I ! 

I I 
I 

I I 

! I I 

The sensitivity chart shows which variables are the most important or least 
important ones in the model. In this example, there are seven variables 
listed in the sensitivity chart. The f m  vanable. Layer 2 foc, has the 
highest sensitivity ranking and can be considenxi the most imporrant 
vanable in the model. Therefore, the value of Layer 2 foc should be 
carefully selected in order to compute the c o m a  maximum source area 
concentmion. Since the rank corrclatlon W e e n  Layer 2 foc and 
maximum source area concentration is negauve. it indicates that the 
increase of the value of foc will make the maximum source area 
concentration smaller. The last vanable, Layer 2 saturation. has the lowest 
sensitivity ranking and is the least imponant variable in the model. The 
effect of this variable on the maximum source area concentmion is not as 
great as the other variables. 

-- 
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Forecast: MAXIMUM SOURCE AREA CONCENTRATION 

Summary: 
Dispray Range is from 0.00 to 70.00 ug/L 
Entire Range is from 2.24 to 61.39 ug/L 
After 500 Trials the Std. Emrr ot the Mean is 0.28 

Statisacs: 
Trials 
Mean 
Median (appm) 
Made (~PP=) 
Standard Deviation 
Variance 
Skewness 
KlUtOSS 
Coeff. of Vanabiiity 
Range Minimum 
Range Maximum 
Range Width 
Mean Std. Enor 

- Value 
500 
9.00 
7.43 
6.09 
620 

3a.46 
351 

21 -81 
0.69 
224 

61.39 
59.15 
0.28 

Formant MAXINUN SOURCE AREA CONCENTRATION 

CIU K79 F ~ p l # c y  C h r t  5M Trkb Sbmr 

0.00 1730 3s.m m.m I W L  

Cell: K79 

This figure shows the frequency distribution of the maximum source area 
concentration. In 500 trials. the minimum value of the maximum source 
ana concentration is 2.24 ug/l and the maximum value of it is 61.39 ug/l. 
The most frequently simulated value of the maximum source area 
concentration is about 6.09 ug/l, which appears 39 times in 500 trials. 
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Report6 

Fotecast: W M U M  SOURCE AREA CONCENTRATION ( a d d )  

Percentiles: 

Percentile 
0% 

10% 
25% 
50% 
75% 
90% 

100% 

Ua/L kDDrmC) 
2.24 
4.05 
5.46 

' 7.43 
10.58 
14.76 
61.39 

End of Forecast 

Cell: K79 
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Forscrrt: W M U M  FENCE UNE CONCENTRATlON . 

SUmmary: 
Display Range is from 0.00 to 15.00 ug/L 
Entire Range is from 1.16 to 13.48 ug/L 
After 500 Tlials the Std. EmJr of the Mean is 0.05 

StatlstlCS: 
Trials 
Mean 
Median (appm) 
Mode (appm) 
Standard Omtion 
Vanance 
Skewness 
Kuttoss 
Coeff. of Vanability 
Range Minimum 
Range M m u m  
Range W t h  
Mean Std. Enor 

VdUe 
500 
289 
272 
294 
1.13 
1.27 
3.82 
a78 
0.39 
1.16 

13.48 
1233 
0.05 

- 

5 5 0 4  

This figun shows the frequency distribution of the maximum fence line 
concentration. In 500 tnals, the minimum value of the maximum fence 
line concentration is 1.16 ug/l and the maximum value of it is 13.48 ug/l. 
The most frequently simulated value of the maximum fence line 
concentration is about 2.94 ug/l, which appean 43 times in 500 trials. 

_. 
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Forecast: W M U M  FENCE UNE CONCENTRAVON (contd) 

Percentiles: 

Percentile 
0% 

10% 
25% 
50% 
75% 
90% 

100% 

End of Forecast 

ua/L (aoorox] 
1.16 
1.88 
226 
2.72 
3.28 
3.07 

' 13.40 

CeU: 079 
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Repott6 

Assumrrtions 

Assumption: INflLT. (FT/YR): Cell: C2o 

Lognormal distribution with parameters: 
Mean 1.15 
Standard Dev. 0.20 

Selected range is from 0.00 to +Infinity 
Mean value in simulation was 1.16 0.68 0.98 1.29 1.59 1.90 

Assumption: LAYER 1 foc 

Lognormal distribution with parameters: 
Mean 0.04 
Standard Dev. 0.02 

Selected range is from 0.00 to + lnfinrty 
Mean value in simulation was 0.04 

Cell: F15 

. 
0.01 0.04 0.08 0.11 0.15 

Assumption: LAYER 1 SANRATlON Cell: F17 

UWJ I uimani Uniform distribution with parameters: 
Minimum 0.30 
Maximum 0.60 

Mean value in simulation was 0.45 0.30 0.3 0.45 0.3 0.60 

Assumption: LAYER 2 foc Cell: 115 

Lognormal distribution with parameters: UWJIh 

Mean 0.0329 
Standard Dev. 0.0300 

Selected range is from 0.0000 to + lnfinrty - 
Mean value in simulation was 0.031 1 0 k 2 4  0.0645 0.1266 0.1887 0.2508 

~ . -  -. .. . -  ~. .~ . .. . . . . . . . - . . . . . .. . . . . . e-. - - -  
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Assumption: LAYER 2 SATURAflON 

Uniform distribution with parameters: 
Minimum 0.20 
Maximum 0.30 

Mean value in simulation was 0.25 

Assumption: GW V.(FTflR): 

Normal distribution with parameters: 
Mean 575.00 
Standard Dev. 100.00 

Selected range is from -Infinity to +Infinity 
Mean value in simulation was 573.75 

Assumption: DOWNGRADIENT foc 

Lognormal distribution with parameters: 
Mean 0.03 
Standard Dev. 0.03 

Selected range is from 0.00 to + lnfinrty 
Mean value in simulation was 0.03 

End of Assumptions 

Cell: 117 

1 

Cell: L16 

Cell: P15 

I--- 

O.-W 0.06 0.13 0.19 0.25 
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APPENDIX A.2 

MONTE CARLO SIMULATION REPORT 

30 .YEARS PUMPING 
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a 

Reporti 

Crystal Ball Report 
Simulation started on 8/7/93 at 8:10:26 

Simulation stopped on 8/7/93 at 8:30:00 

Tnad Chart 

70.00 
I 
I I 

Cenatntles Centered on Medlans 
! 

5 5 0 4  , 
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sldtivitv chart 

lrrgmt MAXIMUM SOURCE AREA CONCElPTRATlON 

LAYER 2 fQC 

LAYER 1 toc 

INALT. (FT/Mo: 

GW V.(FT/YR): 
LAYER 2 SAfURATlON 
LAYER 1 SATURAllON 
DOWNGRADIENT toc 

-.72 

-.a 
3 3  

-22 
.os 
.04 

-.a3 

-1 0 . 5  0 0.5 1 

Measured by Rank ComWon 
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Formcut: MAXIMUM SOURCE AREA CONCENTRATION 

Forecast: MAXIMUM SOURCE AREA CONCENTRATION 

Summary: 
Display Range is from 0.00 to 70.00 ug/L 
Entire Range is from 2.17 to 61-39 ug/L 
After 500 Trials. the Std. Error of the Mean is 0.27 

Statistics: 
Trials 
Mean 
Median (approx) 
Mode (approx) 
Standard Deviation 
Variance 
Skewness 
Kurtosis 
Coeff. of Variability 
Range Minimum 
Range Maximum 
Range Width 
Mean Std. Error 

- Value 
500 
9.02 
7.50 
6.02 
5.99 

35.83 
3.45 

22.31 
0.66 
2.17 

61.39 
59.22 
0.27 

Cell: K79 

.071 
2 - - - 
n ,047 
a s 

.024 

.OOo 
b 

I 35.00 52.50 70.00 0.W 17.50 

ugfL I 

' 5 5 0 4  
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Forecast: W M U M  SOURCE AREA CONCENTRATION (cont’d) 

Percentile 
0% 

10% 
25% 
50% 
75% 
90% 

100% 

Ua/L (aPDrOX.) 
217 
4.09 
5.49 
7.58 

10.69 
14.34 
61.39 

End of Forecast 

Cell: K79 
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Report1 

0 Forecast: MAXIMUM FENCE UNE CONCENTRATION 

Summary: 
Display Range is from 0.00 to 15.00 ug/L 
Entire Range is from 1.02 to 13.48 ug/L 
After 500 Trials. the Std. Error of the Mean is 0.05 

Statistics: 
Trials 
Mean 
Median (approx) 
Mode (approx) 
Standard Deviation 
Variance 
Skewness 
Kurtosis 
Coeff. of Variability 
Range Minimum 
Range Maximum 
Range Width 
Mean Std. Emr 

. 55u4 
Call: 079 

- Value 
500 

2.20 
2-06 
1.70 
1.14 
1.29 
5.01 

37.68 
0.50 
1.02 

13.48 
12.47 
0.05 

I 
I F o n u t ~  MAXIMUM FENCE LINE C O N C E ~ T I O N  

Call 079 Fnquoncy Chart 500 Trials Shown 
1 1 6 9  I a -  .la d 

0 . h  3.75 7.50 11.2s 
ug/L 
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Foremst: MAXIMUM FENCE LINE CONCENTRATION (cont'd) 

Percentiles: 

Percentile 
0% 

10% 
25% 
50% 
75% 
90% 

100% 

ua/L (aoorox) 
1.02 
1.56 
1.75 
206 
2.42 
293 

13.48 

End of Forecast 
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CeU: 079 
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Assumption: INALT. (FT/YR): 

5504:  

Cell: Czo 

Lognormal distribution with parameters: 

Mean 1.15 
Standard Dev. 0.20 

Selected range is from 0.00 to + lnfinlty 

Mean value in simulation was 1.16 0.68 0.98 1.29 1.59 1.90 

Assumption: LAYER 1 foc Cell: F1s 

Lognormal distribution with parameters: 

Mean 0.04 
Standard Dev. 0.02 

Selected range is from 0.00 to + lnfinlty 

Mean’value in simulation was 0.04 0.01 0.04 0.08 0.11 0.15 

- 
Assumption: LAYER 1 SATURATION Cell: F i7  

Uniform distribution with parameters: urn I u i u n m  

0.60 
Minimum 
Maximum 

Mean value in simulation was 0.45 

Assumption: LAYER 2 foc 

Lognormal distribution with parameten: 

Mean 0.0329 
Standard Dev. 0.0300 

Selected range is from 0.0000 to +Infinity 
Mean value in simulation was 0.0312 

0.30 0.38 0.45 0.53 0.60 - 

Cell: 115 
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'. y . u '* 42 ':j r:t 
Assumption: IAYER 2 SATURATION 

Uniform distribution with parameters: 
Minimum 0.20 
W m u m  0.30 

Mean value in simulrdion was 0.25 

Assumption: GW V.(FT/YR): 

Normal distribution with parameters: 
Mean 575.00 
Standard Dev. 100.00 

Selected range is from -Infinity to +Infinity 
Mean value in simulation was 570.89 

C e U :  117 

r= - l  

Cell: L16 

m.w 425.00 Sn.00 t25.m m.00 

Assumption: DOWNGRADIENT foc Cell: P15 

Lognormal distribution with parameters: 
Mean 0.03 
Standard Dev. 0.03 

Selected range is from 0.00 to +Infin@' 
Mean value in simulation was 0.03 0.W 0.06 0.13 0.19 0.25 

End of Assumptions 
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20 YEARS PUMPING 
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(and its associated financial implications), determination of the final cleanup goal or  ACL 
may involve lengthy negotiation between an industry and regulatory agencies. 

The objective of this paper is to provide a systematic overview of the impact of these 
factors on cleanup goal and ACL development. 

IMPORTANT FACTORS IN CLEANUP GOAL OR ACL DEVELOPMENT 

The first step in soil cleanup goal and/or ACL development includes defining the source 
of contamination, the physical, chemical, and toxic characteristics of the contaminants, 
and the site physical features that affect contaminant fate and transport. Once this is 
completed, current and future impacts on the environment and human health may be 
estimated. The second step is to define the extent and degree of source reduction and/or 
containment required to attain acceptable concentrations (if necessary). This process 
includes consideration of many chemical processes and hydrogeologic conditions that 
affect the migration and attenuation of contaminants. In general, site-specific 
combinations of the following factors are considered during the cleanup goal or ACL 
development process: 

0 Source Loading 
0 Contaminant Characteristics 
e Hydrogeological Conditions 
0 Points of ExposurelExposure Routes 

In addition, exposure assessment assumptions and the impacts of feasible corrective 0 measures will also affect the cleanup goals or ACLs. 

' THE COMPUTER MODEL USED IN THE STUDY 

A spreadsheet-based multimedia contaminant fate and transport model developed to 
support screening-level risk assessment and cleanup goaYACL development was used to 
complete the sensitivity analysis (Chiou and Hubbard, 1992). The model includes various 
components for simulating contaminant washout from a source area, downgradient solute 
transport, and estimation of receptor concentrations under various types of exposure 
scenarios. The model was implemented using a spreadsheet to accommodate linking of 
the various simulation modules and to simplify the model input, interactive execution, 
and output presentation processes. 

The contaminant source module of the model relies on analytical equations based on 
straightforward mass balances to describe various aspects of source loading and 
contaminant washout from both the unsaturated and saturated zones. Any combination 
of the following conditions or processes may be simulated: 

0 Surface infiltration and percolation 
0 Contaminant loading via leakage or infiltration 
0 Sorption in the unsaturated zone 

Upgradient groundwater flow 
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IMPORTANT FACTORS IN CLEANUP GOAL DEVELOPMENT FOR 
CONTAMINATED SOIL AND GROUNDWATER - SENSITIVITY 

ANALYSES BY MODEL SIMULATIONS 

J. D. Chiou, Ph.D., P.E., Modeling Specialist 
R. J. Hubbard, Manager of Risk Assessment 
A. E. Hubbard, Risk Assessment Specialist 

HALLIBURTON NUS Environmental Corp., Pittsburgh, PA 15220 

ABSTRACT 
-. 

An overview of the numerical effects of variable input parameters, exposure 
assessment methods, and physicaUchemica1 processes on cleanup goals and/or Alternate 
Concentration Limits (ACLs) for contaminated soil and groundwater is provided. The 
impact of uncertainties in key .parameters and different conceptual models for 
contaminant attenuation assessment is studied using a spreadsheet-based multimedia 
contaminant fate and transport model. Important factors in six major categories are 
considered under hypothetical site conditions. A sensitivity analysis approach is used to 
demonstrate the individual and cumulative effects of various input parameters and 
conceptual approaches on cleanup goals or ACLs. Soil cleanup goals and groundwater 
ACLs range over six orders of magnitude for a hypothetical site. 

KEY WORDS 

Cleanup Goal, Alternate Concentration Limit, Contaminated Soil, Contaminated 
Groundwater, Spreadsheet-based Contaminant Fate and Transport Model, Sensitivity 
Analysis. 

INTRODUCTION 

Groundwater and soil cleanup goals for uncontrolled hazardous waste sites and ACLs 
for treatment, storage, and disposal facilities are usually determined based on relevant 
regulations and/or risk assessment methods coupled with analytical or numerical 
modeling techniques. When concentrations of hazardous constituents in groundwater 
exceed background or Maximum Contaminant Levels, Alternate Concentration Limits 
(ACLs) [40 CFR 264.93(a)] can be established at  the point of compliance 
[40 CFR 264.94(b)] if they are protective of human health and the environment. Because 
of the complexity involved, general guidelines for conceptualizing or quantifying most of 
the important factors to be considered in the cleanup goal development process are seldom 
available. Therefore, cleanup goal or ACL development usually requires selection of a 
proposed value from a large range of possible values. This large range may be the result of 
uncertainties in the specific values of input parameters, different conceptual models of the 
site (e.g., migration pathways and exposure routes), or as a result of decisions to include or 
neglect certain physical or chemical attenuation processes. Because of this large range 
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0 Sorption in the saturated zone 
0 Zone-specific contaminant decay rates 
0 Zone-specific initial contaminant concentrations 

Constant or time-varying concentration in the unsaturated zone 

* 5 5 0 4  

The downgradient solute transport module of the model uses a simplified version of a 
general solution to a three-dimensional advectioddispersiodsoqtioddecay equation and 
the superposition technique to simulate solute transport (Domenico, 1987). The transport 
module calculates the contaminant concentration at a receptor location or  discharge area 
downgradient of the source area under different source-loading conditions. Downgradient 
contamination caused by the source (or other sources) prior to remediation can also be 
considered. 

The discharge/exposure module of the model uses analytical methods to estimate 
contaminant concentrations under four different types of exposure scenarios, including 
direct use of groundwater or various surface water uses based on groundwater discharge 
into a flowing stream, a closed lakdpond, or a tidally-affected estuary. This module can be 
used to estimate the dilution caused by mixing of contaminated groundwater with surface 
water and can account for various surface water attenuation mechanisms. Based on the 
requirements of the risk assessment, the model output provides the maximum or lifetime 
average (70-year) contaminant concentrations at  the exposure point. 

The simplicity of the model and the wide range of conditions that can be simulated 
make it suitable for testing different conceptual approaches as well as for performing a 
sensitivity analysis using variable input parameters. 

SCENARIOS AND ASSUMPTIONS FOR A HYPOTHETICAL INDUSTRIAL SITE 

As shown in Figures 1 and 2, a hypothetical (but typical) site with a drum disposal area 
was used as the basis for the modeling and sensitivity analyses. The source area consists 
of an unknown number of leaking buried drums which contain an organic chemical (XI. 
The source has been defined as a 60 by 60 foot area at  the center of the industrial facility. 
The groundwater table is 15 feet deep and the top of underlying impermeable bedrock is 
50 feet from the ground surface. A stream is located 300 feet east of the property line. 
Local groundwater flows toward (and discharges into) the stream. As a result of high 
concentrations of chemical X in soil samples taken from both the unsaturated and 
saturated zones, source control measures are determined to be necessary. The proposed 
action includes removal of the buried drums, in-situ treatment of soil in the unsaturated 
zone, and pumping and treatment of contaminated groundwater. To support analysis of 
corrective measures and closure plan preparation, an unsaturated zone cleanup goal and a 
groundwater ACL are to be developed. 

As required by 40 CFR 264.94(b), the following information was compiled: 

0 Potential adverse effects on groundwater quality, considering: 
a. The proximity and withdrawal rates of groundwater users 
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FIGURE 1 - SITE MAP AND GROUNDWATER CONTOURS 

SOURCE AREA I 

FIGURE 2 - REPRESENTATIVE CROSS-SECTION OF THE SITE 
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b. The current and future uses of groundwater in the area 
c. The existing quality of groundwater, including other sources of contamination 

0 Potential adverse effects on the quality of hydraulically connected surface water 
bodies, considering: 
a. The patterns of rainfall in the region 
b. The proximity of the regulated unit to surface waters 
c. The current and future uses of surface waters in the area and any water quality 

standards 
d. The existing quality of surface water, including other sources of contamination 

and the cumulative impacts on surface water quality 
General considerations common to gro'undwater and surface water environment: 
a. The volume and physical and chemical characteristics of the waste in the 

b. The hydrogeological characteristics of the facility and surrounding land 
c. The quantity and quality of groundwater, and the direction of groundwater flow 
d. The potential for health risks caused by human exposure to waste constituents 
e. The potential damage to wildlife, crops, vegetation, and physical structures 

caused by exposure to waste constituents 
f. The persistence and permanence of potential adverse effects 

and their cumulative impact on the groundwater quality 

regulated unit -. 

The soil cleanup goal and groundwater ACL are to be developed based on the preceding 
information. Although the ACL demonstration must justify all claims regarding the 
potential effects of groundwaterhrface water contamination on human health and 
environment, detailed guidelines for establishing the soil cleanup goal and the ACL are 
not available. A decision was made to examine the range of possible cleanup goals and 
ACLs for various conceptual approaches to the problem using a computer model to 
simulate the different scenarios. To achieve this, the requisite information was 
categorized in six distinct groups. Different conceptual modeidapproaches were then 
identified and simulated, as follows: 

Group 1 : Source Loading 
a. Constant source vs. limited source 
b. With and without additional source loading 
c. Historical source vs. recent/ instantaneous source 
d. With and without an upgradient source 

0 Group 2 : Contaminant Characteristics 
a. With and without decay 
b. With and without adsorption 

0 Group 3 : Hydrogeological Conditions 
a. Limited mixing depth vs. entire saturated thickness 
b. With and without hydrodynamic dispersion 
c. With and without downgradient groundwater recharge 
d. With and without upgradient flow 

0 Group 4 : Points of Exposure/Exposure Routes 
a. Various distances to the point of exposure 
b. Unsaturated zone vs. saturated zone 
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c. Groundwater vs. surface water (discharge point) 
0 Group 5 : Risk Assessment Assumptions 

a. Lifetime average dose vs. maximum dose 
b. Various exposure scenarios 
c. Current vs. future land and water use 
Group 6 : Impacts of Feasible Corrective Measures, 
a. With and without short-term containment 
b. With and without a surface cap 
c. Duration of remedial action 

In addition to simulations forthe preceding scenarios, the most conservative and 
reasonable cases developed through combinations of each set of controlling factors were 
also simulated and considered for final cleanup goal and ACL selection. 

THE BASELINE SCENARIO 
-. 

For the sensitivity analysis, a baseline scenario was first established to serve as a point 
of reference for the various approaches. The following conditions were assumed for the 
baseline scenario: 

0 

0 

0 

0 

0 

0 

Group 1 : After removal of the buried drums i t  was assumed that no additional 
loading occurs (limited residual contamination in the soil). The impact of 
upgradient sources and existing contamination in the downgradient area were 
neglected in the baseline scenario. 
Group 2 : The effect of adsorption of chemical X was considered. Chemical decay 
was not simulated because of the uncertainty in the decay rate of chemical X. 
Group3 : The entire saturated thickness was used as the mixing depth for the 
contaminant and groundwater. Upgradient groundwater flow and both 
longitudinal and lateral dispersion were also considered. Dilution as a result of 
infiltration in the downgradient area was not simulated in the baseline scenario. 
Group 4 : The point of exposure was assumed to be a drinking water well along 
the stream. Therefore, no dilution by the stream was considered. 
Group5 : Direct comparison between the maximum concentration at  the 
exposure point with a risk-based criterion for chemical X was used to  determine the 
acceptability of the cleanup goal. 
Group 6 : The baseline scenario did not include the possible impact of additional 
corrective measures (beyond drum removal) in the source area. 

Theconditions assumed for the baseline scenario are considered to be typical. Table I 
presents the printout from the spreadsheet model for the baseline scenario showing the 
model input parameters and simulated results. Figure 3 is a graphical presentation of the 
simulated contaminant concentrations a t  the source area and at  the exposure point. With 
a maximum allowable exposure concentration of 5 pg/L, a cleanup goal of 126 pg/kg for 
the soil in the unsaturated zone of the source area was calculated using the model. The 
groundwater ACL was determined to be 43.5 pg/L using the downgradient edge of the 
source area as the Point of Compliance. 
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.2958 

.2455 

550 4 TABLE I - MODEL INPUTS AND OUTPUTS FOR THE 
BASELINE SCENARIO 

2.0193 
2.0262 

~ ~~ ~ 

copyright 1992 HALL1 BURTON NUS' ENVIROYMENTAL COUPQITIQI 
SCREENING-LML WLT1IIEOIA cDyTu(IyIT1 FATE AND TRWSPOIT -EL 

EXPOSURE SCEUARIO 81: TIKE VARYING SalRCE urr) DIRECT USE OF CRWWTtP 

.2030 

.1678 

.138S 

.llLl 

.0939 .om 

.Ob% 

.0520 

.Ob26 

.OS49 . 0285 

.0233 

.0191 

.0156 

L.990 

NVESTWTOR: J. 0. CHIW 
ATE: 7-5-92 
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2.0365 
2.0403 
2.0429 
2.011L 
2.0294 
1 .wv8 
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O.G. P L W :  .OO 

UNSATURATED ZWE SATURATED tart 
~~~ 

LENGTH (FT): 60 
WIDTH ( IT ) :  60 
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DENSITY ( C / o U ) :  1 .7 
ACE (YEARS): 0 
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0 0  
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20 7300 
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I I 

BASELINE 

1-1 
1-2 
1-3 
1-4 

2-1 
2-2 

GROUP 3 3-1 
3-2 
3-3 
3-4 

GROUP 4 4-1 
4-2 
4-3 

GROUP 5 5-1 
5-2 
5-3 

GROUP 6 6-1 
6-2 
6-3 

GROUP 1 

GROUP 2 

After the baseline condition was established, the sensitivity of the cleanup goal and 
ACL to the different controlling factors was investigated. Table II shows the soil cleanup 

TABLE I1 - RANGE OF THE SOIL CLEANUP GOALS BY 
CHANGING ONE CONTROLLING FACTOR 

I 
NONE 12 6 0 

AS A CONSTANT SOURCE 39 -69 
123 -2 WITH ADDITIONAL LOADING 

AS A HISTORICAL SOURCE 35 -72 
WITH UPGRADIENT SOURCE 109 . -13 .- 
WITH DECAY 2037 1,517 

-92 NO ADSORPTION 10 

LIMITED MIXING DEPTH 65 -48 
NO DISPERSION 14 -89 
WITH DOWNGRADIENT RECHARGE 262 108 
NO UPGRADIENT FLOW 90 -29 

PROPERTX LINE AS THE FOE 25 -80 
USE SOIL CRITERIA 230000 182 , 440 
SURFACE WATER EXPOSURE 6288 4,890 

LIFE-TIME AVERAGE 307 144 
FISH CONSUXPTION 2500 1,884 ' 
CONSIDER FUTURE WATER USE 66 -48 

WITH SHORT-TERM CONTAINMENT 
SURFACE CAP 
DURATION OF THE CLEANUP 

-- 

% CHANGE 1 CONTROLLING 11 FACTOR 1 CASE 1 DEVIATIONS FROM THE 
GROUP BASELINE SCENARIO 

goals for different scenarios created by changing only one controlling factor from the 
baseline condition. The following assumptions were made for the sensitivity analysis: 

Case 1-1 : To simulate a continuous leak, the unsaturated zone concentration in 
the source area was set as a constant (Le., the cleanup goal). 
Case 1-2 : To consider possible additional spills in the facility, the contaminant 
concentration of the surface infiltration into the source area was set at 5 PgL. 
Case 1-3 : The source was assumed to have been releasing contamination a t  a 
constant rate and concentration for the past 10 years (resulting in a 35 PgL  
concentration in the saturated zone beneath the source). 
Case 1-4 : To include the possible upgradient contaminant source, the 
concentration of the upgradient groundwater was set at  5 ug/L. 
Case 2-1 : The half life of chemicalX in the contaminant (biodegradation or  
other chemical reactions), was set at  5 years. 
Case 2-2 : To reduce the effect of adsorption, the fractional organic carbon 
content of the saturated and unsaturated zones were set at 0.0001 (20 times lower 
than the baseline condition). 
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Case 3-1 : The saturated thickness available for contaminant migration was set 
at 17.5 feet (the top half of the saturated zone). 
Case 3-2 : The longitudinal and lateral dispersivity were set a t  0.001 and 0.0003, 
respectively. 
Case 3-3 : Dilution by surface infiltration in the downgradient area was 
simulated by adjusting the decay rate in the transport simulation. 
Case 3-4 : The upgradient groundwater flow was set at 0. 
Case 4-1 : The point of exposure was moved to the property line. 
Case 4-2 : Assuming local groundwater was not a drinking water source, 
allowable soil concentration based on human exposure during construction and 
maintenance activities (dermal contact and inhalation of dust) was used as the 
cleanup criterion directly. 
Case 4-3 : Surface water in the stream (which was assumed to have a dilution 

Case 5-1 : Lifetime (70 years) averaged contaminant concentrations at the point 
of exposure were compared to the water quality criteria. 
Case 5-2 : Water criteria based on bioaccumulation of the contaminant 'and 
human consumption of fish from the stream was used as acceptable surface water 
concentration. 
Case 5-3 : A drinking water well is to be installed 150 feet from the property line. 
Case 6-1 : A hydraulic containment (pumping) system was designed to intercept 
the downgradient migration of contaminated groundwater for 10 years. 
Case 6-2 : A surface cap on the source area was designed to reduce the surface 
infiltration rate to 0.01 feeuyear. 
Case 6-3 : It was assumed that the remedial action will take 1.5 years thus 
allowing the contaminant to be released from the source during the cleanup. 

a 

factor of 50) was used as the exposure media (i.e., source of drinking water). - -  

Cleanup goaUACL simulations for scenarios with more than one variable controlling 
factor were also determined. Results and assumptions for four illustrative examples are 
shown in Table III. The first three cases show that the soil cleanup goal based on surface 
water exposures can exceed the soil exposure criteria (230 mg/kg based on dermal contact 
and inhalation) under certain conditions. The last case shows that under very 
conservative scenario the cleanup goal can be lower than a typical detection limit for a 
volatile organic chemical. Soil cleanup goals for this hypothetical site ranged from the 
detection limit (approximately 0.01 mgkg) to as high as 3,450 mg/kg (see Table ID). 

CONCLUSIONS 

The hypothetical chemical used in the simulations is considered typical of the 
moderately water-soluble volatile organic chemicals typically found in soils and 
groundwater at  active industrial facilities or abandoned hazardous waste sites. The 
results of the sensitivity analysis demonstrate that variations in all'of the important 
input parameters and exposure assessment assumption may have a significant impact on 
cleanup goals for such chemicals. 

As shown in Table 11, variations in aquifer physical properties, temporal source 
characteristics, and adsorption potential have a substantial impact of the final soil (and 
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SRlzE I CASE 1 ASSUXPTION I DEVIATIONS nton THE 
AS IN CASE BASELINE SCENARIO 

TABLE I11 - SOIL CLEANUP GOALS FOR ILLUSTRATIVE CASES WITH 
MULTIPLE CONTROLLING FACTORS CHANGED 

H CLEANUPCOAL %CRANCE I (ua/ku) 

I WITH DECAY 
WITH DOWNGRADIENT RECXARGE I 4567531 362,402 U A  I 5-1 LIFE-TIME AVERACE 

5-2 FISH CONSUXPTION I I 
WITH DOWNGRADIEHT RECLULRGE 
WITH DECAY 

5-1 LIFE-TIXE AVERAGE I 886737 703,660 
5-2 FISH CONSUMPTION 

6-1 (4 YEARS) PUMP AND TREAT FOR 4 YEARS 

2-1 WITH DECAY 
3-3 WITX DOWNGRADIENT RECHARGE 

5-2 FISH CONSUMPTION 
6-1 PUXP AND TREAT FOR 10 YEARS 

C 5- 1 LIFE-TIME AVERAGE 3452234 2,739,768 

D 
2-2 NO ADSORPTION 
3-1 LIMITED MIXING DEPTH 
3-2 NO DISPERSION 
4-1 PROPERTY LINE AS POE 

groundwater) cleanup goals. However, three of the factors to which the simulation is most 
sensitive are those which are established as a result of the conceptual approach to the 
problem and chemical specific information. 

For example, consideration of a receiving surface water body (rather than a drinking 
.water well) as the point of exposure resulted in a 4,900 percent increase in the allowable 
soil cleanup goal as a result of attendant dilution. Future land and water use and aquifer 
classification should be carefully considered by modelerdrisk assessors if an ACL 
demonstrationisoil cleanup goal development process is to be based on such an approach. 

Although the hypothetical chemical used for the sensitivity analysis is not particularly 
bioaccumulative, this is typical for water soluble volatile organic chemicals. Development 
of a soil cleanup goal based on fish consumption (rather than water ingestion) resulted in a 
1,900 percent increase in the allowable cleanup goal. Fish consumption may be the 
primary realistic exposure route under conditions where neither surface water nor 
groundwater are used as a potable water source. Cleanup goals based on this route will 
typically greatly exceed those based on surface water or groundwater ingestion. Game 
and commercial fishing activities and regional consumption patterns should be carefully 
considered under such a scenario. Furthermore, some consideration of potential adverse 
effects on aquatic organisms is also generally warranted. 

Inclusion of a containment measure (capping) also resulted in a substantial increase in 
the allowable soil cleanup goal as a result of the decrease in source loading. Inclusion of 
such a component in the conceptual model should be based on the feasibility of such 
containment, a cost -evaluation, and future land- use constraints.@* ulation is a3 
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essentially closure in place and some institutional controls on future disturbances 
(e.g., deed recordations) could be necessary. Furthermore, the long term maintenance and 
monitoring costs associated with the cap should be considered. a 

Finally, inclusion of a first order decay mechanism resulted in a 1,500 percent increase 
in the allowable soil cleanup goal. For the most part, decay mechanisms and rates are not 
well documented and conservative (worst-case) values should be used, if at all, during the 
cleanup goal development process. Under certain circumstances, it may be appropriate to 
perform laboratory decay rate studies (e.g., using radiolabeled isotopes) to verify the 
significance of chemical attenuation mechanisms. 

The specific values of the cleanup goals and the increases or decreases between the 
different scenarios considered in this study are not representative of all sites. However, 
the wide range (six orders of magnitude) of soil cleanup goals developed for tke 
hypothetical site is typical and indicates that an important component of the cleanup goal 
development process is selection of appropriate values for each group of controlling 
factors. All assumptions should be clearly defined and documented to the greatest extent 
possible to allow for acceptance by the regulatory agency. 
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SUMMARY OF MODIFIED SOIL PRG MODELING RESULTS 
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APPENDIX D.2 i 

EVALUATION OF THE IMPACT OF OPERABLE UNIT 2 ALTERNATIVES 
ON THE GREAT MIAMI AQUIFER 

2 

3 

D.2.1 INTRODUCTION 5 

There are two purposes for Appendix D.2. The first purpose is to present the results of the modeling 6 

which was conducted to evaluate the impact of the consolidation/containment alternatives on the Great 7 

Miami Aquifer (see Section 5.0 of this FS for a description of the alternatives) due to vertical 

contaminant migration. The second purpose is to present the results of the modeling, which was 

performed to evaluate the impact of the consolidationkontainment alternatives and the on-site disposal 

alternatives on the Great Miami Aquifer due to the lateral migration of contaminated perched 

groundwater. The goal of this second task was to determine the length of time required to collect 

perched groundwater in an engineered interceptor trench (see Section 5.0 for a description of the 

alternatives) to prevent any adverse impact to the Great Miami Aquifer. A spreadsheet-based 

groundwater fate and transport model was used to complete all of the modeling described here. Final 

confirmation modeling of the alternatives was also performed using a more complex fate and transport 

model; these results are presented in Appendix D. 3.  

D.2.2 IMPACT OF VERTICALLY MIGRATING CONTAMINATION ON GREAT MIAMI 
AOUIFER . 

D.2.2.1 Technical ADDroach 

Operable Unit 2 proposes to dispose of waste from the Inactive Flyash Pile, South Field, and Active 

Flyash Pile in a contaminated material disposal area, which will be located in the northeast portion of 

the South Field and Active Flyash Pile (see Figure D.2-1). The location of the disposal area was 

selected based on the modified soil preliminary remediation goal (PRG) results. This area has 

substantial amounts of till (approximately 18 feet) which impedes vertical transport of contaminants. 

This area corresponds to the Case 3 area investigated for the development of modified soil PRGs (see 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

Appendix D. 1). Modified soil PRGs for this area were typically several orders of magnitude higher 29 

than for areas with minimal amounts of till, which confirmed that the till impedes vertical transport of 30 

contaminants. 31 

0 The ECTran fate and transport model was used to evaluate the impact of the residual uranium-238 

32 

33 

contamination, which will be disposed of in this contaminated material disposal area. A complete 
GO0672 

34 
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description of the ECTran model is included in Attachment D. 1 .I of Appendix D. 1. The One- 

Dimensional Analytical Solute Transport/Sandia Waste Isolation Flow and Transport (ODAST/ 

SWIFT) model was used to confirm the final remedial alternatives (see Appendix D.3). 

Several details of the proposed alternatives were important to the modeling approach including: 

All Inactive Fly ash Pile Contaminated material above the preliminary remediation levels 
(PRLs) will be moved to the contaminated material disposal area and capped with a 
composite cap. Modeling will be performed using the South Field conceptual model for 
Case 3b from the modified soil PRG modeling (see Appendix D. 1). 

South Field contaminated material above the PRLs in areas with less than 18 feet of till will 
be moved to the contaminated material disposal area and capped with a composite cap. 
Modeling will be performed using the South Field conceptual model for Case 3b from the 
modified soil PRG modeling (see Appendix D. 1). 

Active Flyash Pile contaminated material above the PRLs in areas with less than 18 feet of 
till will be moved to the contaminated material disposal area and capped with a clay cap. 
Modeling will be performed using the Active Flyash Pile conceptual model for Case 3 from 
the modified soil PRG modeling (see Appendix D. 1). 

Perched groundwater will be collected using an engineered interceptor trench (see 
Section D.2.3). 

Several conservative assumptions were made to simplify the modeling task including: 

0 

0 

0 

D.2.2.2 

To evaluate the impact of the contaminated material which will be disposed in the 
contaminated material disposal area, the maximum detected uranium-238 concentration for 
each contaminated material unit will be used as the source for the contaminated material 
unit-specific area of the disposal area (see Appendix A for contaminated material unit 
maximum uranium-238 concentrations). 

The source will remain constant in the ECTran model for the 1,000 year modeling time. 
This is an imposed condition to ensure conservativeness. 

Areas of the contaminated material disposal area have till thicknesses in excess of 18 feet. 
This additional till was not considered during the modeling. 

ConceDtual Model 

The Inactive Flyash Pile and South Field disposal areas of the contaminated material disposal area 

were conceptualized as the Case 3b area of the South Field (see Appendix D.l). The Active Flyash 

Pile disposal area of the contaminated material disposal area was conceptualized as the Case 3 area of 

the Active Flyash Pile (see Appendix D.l) (lo0673 
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April29, 1994 0 Identical hydrogeologic, geologic, and contaminant of concern (COC) information for the South Field 

and Active Flyash Pile was used for this modeling and was also used for the Case 3 modified soil 

1 

. 
2 

PRG development. It was assumed that an engineered interceptor trench will be built to intercept 

the Great Miami Aquifer under the source and the Great Miami Aquifer at the FEMP fence line, to 

3 

laterally migrating perched groundwater. Two potential exposure points were investigated, including 4 

5 

evaluate the potential risk to the potential receptors: the on-property and off-property resident 6 

farmers. 7 

8 

The uranium-238 concentrations in the contaminated material and glacial overburden (till) were used 

as input for the ECTran model and are summarized in Table D.2-1. 

9 

Current measured uranium-238 10 

concentrations in the glacial overburden (till) (Layer 1) of the Active Flyash Pile are below 

background for soil and were assumed to not impact the dissolved uranium-238 concentration in the 

Great Miami Aquifer. Current measured uranium-238 concentrations in the unsaturated sand and 

background for soil and consequently were also assumed to not impact the dissolved uranium-238 

11 

12 

13 

gravel (Layer 2) of the Inactive Flyash Pile, South Field, and Active Flyash Pile were also below 14 

15 

concentration in the Great Miami Aquifer. 16 

17 

D.2.2.3 Modeling Results 18 

The results of the ECTran modeling are summarized in Table D.2-1. The results are organized by 19 

the three waste units and the two potential exposure points. 

predicted uranium-238 concentrations for the Great Miami Aquifer under the source and the Great 

Miami Aquifer at the FEMP fence line were the result of the Inactive Flyash Pile contaminated 

Miami Aquifer under the source exposure point to 7.40 x loe2 pCi/L for the FEMP fence line 

The results show that the maximum 20 

21 

22 

material. The concentrations ranged from 2.07 x 10' picoCuries per liter (pCi/L) for the Great 23 

24 

exposure point. 

under the source (2.07 x IOo pCi/L) is below the proposed maximum contaminant level (MCL), 

which is 6.7 x loo pCi/L [20 parts per billion (ppb)], while the maximum predicted uranium-238 

The maximum predicted uranium-238 concentration in the Great Miami Aquifer 25 

26 

27 

concentration in the Great Miami Aquifer at the FEMP fence line is below the risk-based criteria; . 28 

which is 6.20 x IO-' pCi/L (1.85 ppb). 29 
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TABLE D.2-1 

SUMMARY OF EVALUATION OF CONSOLIDATION/CONTAINMENT ALTERNATIVES 
SOUTH FIELD AREA 

ECTran Model Input ECTran Model Results 

Predicted U-238 Predicted U-238 
Concentration in Concentration in 

Source Layer 1 Layer 2 GMA Under GMA at FEMP 
Operable Unit 2 Concentration Concentration Concentration Source Fence Line 

Waste Unit (Pew (Pew (Pew (pCi/L) (pCi/L) 

Inactive Flyash 1.57 x 10' 4.54 x 10' 0.00 x 10' 2.07 x 10' 7.40 x loz  
Pile 

South Field 3.97 x le 4.54 x 10' 0.00 x 10' 7.49 x 10' 2.72 x 10" 

Active Flyash 7.98 x 10' 0.00 x 10' 0.00 x 10' 4.74 x loz  3.15 x l o 3  
Pile 

.' . . .. 
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April29, 1994 0 D.2.3 IMPACT OF LATERALLY MIGRATING CONTAMINATION ON GREAT MIAMI 

AQUIFER 2 

1 

3 

4 

D.2.3.1 Technical Approach 5 

under the consolidationkontainment alternatives and on-site disposal alternatives, respectively. 

Operable Unit 2 proposes to dispose of or leave in-place contaminated material in the South Field area 6 

For 7 

the consolidationkontainment alternatives, contaminated material from the Inactive Flyash Pile, South 8 

Field, and Active Flyash Pile will be excavated and then placed in a contaminated material disposal 

area in the northeast portion of the South Field and Active Flyash Pile (see Figure D.2-1) and capped. 

Under the on-site disposal alternatives, contaminated material from all Operable Unit 2 contaminated 

material units will be removed and placed in an on-site disposal cell with the exception of some 

9 

10 

11 

12 

contaminated material in the northeastern portion of the South Field, which has significant amounts of 

till. 14 

place. 15 

16 

13 

Figure D.2-2 shows the area of the South Field where contaminated material will be left in 

Currently, contaminated perched groundwater in the South Field area adversely impacts the Great 

Miami Aquifer via lateral migration and subsequent discharge to the Great Miami Aquifer. In 

addition, loading from contaminated material to the perched groundwater zone will occur under the 

two proposed alternatives. Therefore, under these two alternatives, Operable Unit 2 proposes to 

collect the perched groundwater with an engineered interceptor trench until the risk associated with 
the perched groundwater is reduced to acceptable levels. This trench would essentially eliminate the 

perched groundwater source of contamination to the Great Miami Aquifer during its operation. The 

operation time required for the interceptor trench would equal the time required for contaminated 

perched groundwater and additional loadings to reach acceptable risk levels (Le., washout). 

The ECTran model was used to predict the uranium-238 concentration in the perched groundwater 

over time. Collection times were estimated by comparing the uranium-238 modified PRGs for the 

lo4, 

predicted concentrations in the perched groundwater. The washout time was equal to the time when 

and risk levels under Case 2 (see Appendix D.l for a description of Case 2) to the 

the predicted concentration equaled the modified PRG. 

17 

18 

19 

20 

21 

22 

23 

24 

25 
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Several assumptions were made for modeling the consolidatiodcontainment alternatives including: 

Both the South Field and Inactive Flyash Pile contaminated material, which will be 
disposed of in separate areas under the consolidationkontainment alternatives, were 
modeled considering the contaminated material with the greatest impact to the perched 
groundwater. The Active Flyash Pile contaminated material was not modeled because the 
level of Contamination in this material was not as significant as the contamination in other 
two contaminated material units. 

Two contaminated material concentrations were used as vertical source concentrations 
including an upper confidence level (UCL) and a value obtained by kriging (see Table 
D.2.2 for concentration values). 

The current uranium-238 perched groundwater concentration of 220 pCi/L was used as the 
contaminant concentration in the perched groundwater zone. 

The contaminated material source concentration will remain constant in the ECTran model 
for the 1,000 year modeling time. This is an imposed condition to ensure conservativeness. 
The current contamination in the perched groundwater zone is allowed to decay with time. 

Several assumptions were also made for modeling the on-site disposal alternatives including: 

0 

0 

0 

0 

D.2.3.2 

The contaminated material remaining in the South Field will not be capped, and is 
considered as a vertical source of contamination to the perched groundwater zone. 

Two contaminated material concentrations were used as source concentrations including a 
volume weighted average and a value obtained by kriging (see Table D.2.2 for 
concentration values). 

The current uranium-238 perched groundwater concentration of 220 pCi/L was used as the 
contaminant concentration in the perched groundwater zone. 

The contaminated material source concentration will remain constant in the ECTran model 
for the 1,000 year modeling time. This is an imposed condition to ensure conservativeness. 
The current contamination in the perched groundwater zone is allowed to decay with time. 

Conceptual Model 

Hydrogeologic, geologic, chemical, and geochemical information for the South Field area were used 

for the modeling. An average hydraulic conductivity and hydraulic gradient were used to estimate 

perched groundwater flow rates. Infiltration rates for both the capped and uncapped scenarios were 

estimated using the Hydrologic Evaluation of Landfill Performance (HELP) model. The perched 

. groundwater zone was assumed to be approximately three feet thick. In addition, a three-foot thick 

layer of unweathered till was assumed to overlie the perched groundwater. Uranium-238 was the 

COC modeled for this task. Chemical information such as current uranium-238 concentrations in the 
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perched groundwater and the contaminated material were taken from Appendix A, which summarizes 

current media-specific contamination levels. Geochemical information such as the uranium-238 

distribution coefficient (K,,) was also used for the modeling. Several K,,s were used including: I(d 

equals 37.5 liters per kilogram (Llkg) for Inactive Flyash Pile contaminated material; I(d equals 

177 L/kg for the South Field contaminated material; K,, equals 200 L/kg for the till; and K,, equals 

15 L/kg for the perched groundwater zone. 

The flow and contaminant migration conditions in the South Field area were simulated during 

modeling and can be conceptualized as follows: 

Rainfall infiltrates through the contaminated material under either alternative, leaches 
contamination, and passes into the perched groundwater zone. 

Uncontaminated perched groundwater flows into the South Field area from the northeast 
and flows across the site, picking up contamination from the contaminated material, which 
loads into the perched groundwater vertically and from the current contamination in the 
perched groundwater zone. The perched groundwater discharges along the southwest side 
of the South Field area. 

Sources considered during modeling include the current contamination in the perched 
groundwater zone and the contaminated material remaining on site under the two 
alternatives. 

D.2.3.3 Results 

The objective of this modeling task was to determine the amount of time the engineered interceptor 

trench must collect perched groundwater. Table D.2-1 summarizes the collection times, which were 

estimated for both the consolidation/containment and on-site containment alternatives. The table 

shows that the collection times for the consolidation/containment alternatives varied from greater than 

1,000 years to 80 years, depending on the source concentration and the risk level. The Inactive 

Flyash Pile contaminated material created the longest collection times due to the higher source 

concentrations. For the on-site disposal alternative, the collection times varied from greater than 

1,000 years (lo4 risk) to 38 years (10" risk). 

The collection times estimated for this task are conservative due to modeling assumptions. 

Additional modeling was performed to confirm these results using the ODAST/SWTFT model; these 

results are presented in Appendix D. 3. 0 
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D.3.0 GROUNDWATER FATE AND TRANSPORT FOR 
CONTAMINANTS OF CONCERN 

This section summarizes the results of fate and transport modeling that was used to simulate 

constituent movement from the Operable Unit 2 subunits to potential human receptors from residual 

soils, in-situ containment of waste with cap, and waste deposited in a disposal cell. The fate and 

transport models provide the only means of predicting potential groundwater concentrations at 

receptor locations in the future under assumed conditions. Results of the fate and transport modeling 

are needed to evaluate various alternatives and are used in the risk assessment to evaluate residual risk 

from Operable Unit 2 waste. Conservative assumptions were used to simulate "worst-case" 

contaminant migration scenarios. The impact of surface water runoff, deposition of airborne 

contaminated dust, and .leaching of sediments were not considered here. Impact of these mechanisms 

will be considered under Operable Unit 5 modeling efforts. The models used were as follows: 

The hydrological evaluation of landfill performance (HELP) model was used to estimate 
exfiltration and infiltration rates 

The ODAST/SWIFTLOAD model was used to predict contaminant movement through the 
vadose zone and prepare input files for the SWIFT I11 model 

The SWIFT I11 model was used to predict contaminant movement through the Great Miami 
Aquifer 

Only a brief description of the methodology used to quantitatively predict concentrations of 

contaminants is presented here. For a more complete description of the methods and parameters used 

for the Operable Unit 2 modeling, please refer to Appendix A of the Final RI Report for Operable 

Unit 2. 

D.3.1 CONCEPTUAL GROUNDWATER FLOW MODEL 

Based on characteristics of the geology underlying the Operable Unit 2 subunits, and on-site disposal 

facility, a conceptual model was developed for the pathways between the disposal areas and receptor 

locations. Figure D.3-1 shows a generalized picture of contaminant migration at the FEMP. Two 

pathways for contaminant migration from the Operable Unit 2 disposal area to the Great Miami 

Aquifer after the remediation were identified. First, migration from the waste unit vertically through 
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the vadose zone to the aquifer was designated the vadose zone pathway. Second, vertical migration 

of perched water and infiltration to the aquifer was designated the perched water infiltration pathway. 

Three other pathways (the perched water subsurface seep, seep, and surface water pathways) were 

identified during Operable Unit 2 RI fate and transport modelling. The perched water subsurface 

seep pathway for .the Inactive Flyash Pile/South Field was modeled by itself to determine the need for 

an engineering control for perched water. Results of this modeling (see Section D.3.4) indicated that 

an engineering control for perched water will be required. Therefore, all modeling assumed that 

subsurface and surface seep pathways will be eliminated through an engineering control. RI modeling 

indicated that impact of surface water (runoff) pathway on the Great Miami Aquifer is very small for 

COCs. Furthermore, all remediation areas would be covered with backfill and vegetated to eliminate 

surface water pathways to the Great Miami Aquifer. Therefore, the surface'water pathway was not 

included in the fate and transport modeling for FS. 

The geology of the FEMP site is dominated by glacial sediments. Well sorted sand and gravel glacial 

outwash forms the regional Great Miami Aquifer. Beneath the site, this aquifer is divided by a 1- to 

20-foot (0.3- to 6.6 meter) thick clay interbed at an approximate depth of 120 feet (37 meter) (Figure 

D.3-1). The receptor pathway considered for this modeling is the upper part of the Great Miami 

Aquifer above the clay interbed. The term glacial overburden has been selected to describe the 

deposits located stratigraphically above the glaciofluvial material of the Great Miami Aquifer. A 

sequence of fine-grained till deposits interbedded with sand and gravel glaciofluvial stringers forms 

the glacial overburden at the site. 

The migration of contaminants from sources to the groundwater begins with the infiltration of 

rainwater (Figure D.3-2). As the water percolates through the waste, contaminants in the waste are 

dissolved into the water to form a leachate. Fluid and/or leachate entering from the waste areas 

migrates first through the glacial overburden (if present), then through the unsaturated outwash 

deposits, and finally into the Great Miami Aquifer. Downward movement of water, driven by the 

forces resulting from gravitational potential, capillary pressure, and other components of total fluid 

potential, mobilize the constituents and carry them through the vadose zone. 

The vadose zone, applicable-to all subunits and modeled disposal areas, was modeled as two layers 

(Figure D. 3-2), the glacial overburden underlying the subunits (Layer 1) and@@@@aated portion 
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of the underlying Great Miami Aquifer (Layer 2). Layer 1 soils consist of tills in the glacial 

overburden. . The sand and gravel unit within the glacial overburden was not included in the vadose 

i 

2 

zone modeling because this layer has much higher permeability and less adsorption potential as 

compared to clay and silts in the glacial overburden. Similarly weathered till was not included in the 

vadose zone modeling as vertical permeability of this zone can be significantly higher than the 

unweathered till. The thickness of till for the vadose zone model ranges between 0 and 35 feet for 

the proposed disposal cell and subunits. Beneath the till is the unsaturated sand and gravel outwash 

layer (Layer 2), which is present beneath all the subunits/disposal areas. The thickness of Layer 2 

ranges from 16 to 44 feet (4.8 to 13.4 meters). 

Another pathway which was applicable after remediation was perched water infiltration. The 
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conceptual model for the perched water infiltration pathway is similar to that of the vadose zone 12 

pathway. 

perched water zone and Layer 2 soils consist of the unsaturated portion of the Great Miami Aquifer. 

The thickness of Layer 1 ranged from 2 to 1 1  feet (0.6 to 3.4 meters) and the thickness of Layer 2 

This pathway was modeled with two layers. Layer 1 soils consist of tills below the 13 

14 

15 

ranged from 27 to 33 feet (8 to 10 meters). Contaminant mass in the perched water, as well as 

adsorbed to the sand layer, was considered in the source term for the perched water infiltration. The 

perched water was simulated as additional source of contaminant loading based on the contaminant 

concentrations detected in the 1000 series wells located within the Operable Unit 2 subunits. 

a 

Based on characteristics of the material underlying each Operable Unit 2 subunit and disposal area, a 

detailed conceptual model was developed for the pathways between each subunit and the receptor 

locations. These more detailed models were developed to account for the variable stratigraphies of 

the soils of the subunits of Operable Unit 2. Areas overlying each SWIFT I11 grid block in all 

subunits were modeled separately with individual stratigraphy, contaminant concentration, and 

infiltration rate parameters, and each contaminant of concern (COC) was simulated using retardation 

and decay factors taken from literature studies or site-specific data. Contribution to COC 

concentrations from other FEMP sources and soils at background concentrations was not included in 

the results presented in this Appendix. The results presented here represent the incremental change in 

COC concentrations in the Great Miami Aquifer due to loading from Operable Unit 2 areas only. 
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D.3.2 TECHNICAL APPROACH 

This section describes the technical approach used for defining parameters required for groundwater 

modeling. Section D.3.3 provides a brief description of the models used in groundwater fate and 

transport modeling. Groundwater COCs identified in the Final RI report for the Operable Unit 2 

were technetium-99 and uranium isotopes. For modeling of uranium isotopes, only uranium-238 was 

modeled in order to more efficiently utilize computation time. Uranium-238 was selected for 

modeling as more samples were analyzed for uranium-238 than any other uranium isotopes and 

uranium-238 constitutes more than 99 percent of total uranium mass. Concentrations of uranium-234, 

uranium-2351236 were estimated by using site-specific activity ratios for uranium. The following 

relationships were derived between various uranium forms in the Final RI Report for Operable 

Unit 2: 

Uranium-234 = 0.91 (Uranium-238) 

Uranium-235/236 = 0.048 (Uranium-238) 

Uranium-238 = 0.9925 (Uranium-total) 

It is worth noting that these ratios are very close to 

activity ratio 

activity ratio 

mass ratio 

the uranium isotope ratios for naturally occurring 

uranium. Although these relationships were developed from soil samples, these relationships should 

apply to uranium concentrations in the groundwater because all uranium isotopes have very long half- 

lives (greater than 10,000 years). The simulation time period of 1000 years was selected based on the 

Risk Assessment Work Plan Addendum (DOE 1992a). 

D .3.2.1 Source Term Develoument 

The source included waste as well as the impacted till. The impacted till was defined as the till 

immediately below the fill and waste to a depth of 4 feet (1.2 meters) for the South Field, 2 feet (0.6 

meters) for the Inactive Flyash Pile, and 2.5 feet (0.8 meters) for the Active Flyash Pile. Depths of 

impacted till were selected from the analytical results for uranium for the soil samples. At the Solid 

Waste Landfill, technetium-99 was the only COC for groundwater but it was not detected in the till. 

Therefore, no till was included in the source for the Solid Waste Landfill. 

Technetium-99 was identified as a COC from the Solid Waste Landfill. The alternative modeled for 

the Solid Waste Landfill assumes that waste will be contained in-place with a cap. Therefore, the 

technetium-99-$oncentrations used in the groundwater modeling were the upper 95 percent confidence o@gGi;3  
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level on the means (UCL) of the waste concentrations from the RI/FS subsurface soil database for i 

Operable Unit 2. 

Uranium isotopes were identified as COCs for the South Field, Inactive Flyash Pile, and Active 

Flyash Pile. Uranium-238 concentration in each block was estimated using kriging. This approach 

was selected for uranium, as uranium controls the risk from groundwater pathways and to simulate 

known hot spots identified during field investigations. All validated uranium-238 results from RI/FS 

Phase I and Phase I1 field investigations for each subunit were segregated by waste/fill, impacted till, 

remaining glacial overburden, and the unsaturated Great Miami Aquifer soils. Uranium-238 

concentrations in each 25 x 25 x 2.5 foot (7.6 x 7.6 x 0.76 meter) block were estimated using three- 

dimensional kriging for each media type. Average waste concentrations in each 125 x 125 foot (38 x 

38 meter) SWIFT I11 grid cell were then calculated from all 25 x 25 x 2.5 foot (7.6 x 7.6 x 0.76 

meter) thick blocks within each SWIFT I11 grid cell. 

Source terms for residual soils were determined by evaluating the kriged uranium-238 concentration 

on a block by block basis against the cleanup criteria selected for the alternative. All blocks above a 

block containing uranium-238 concentration exceeding the cleanup level were removed from the 

source term. Within a grid cell, when uranium-238 concentration in any block exceeded the cleanup 

level, then all remaining blocks in that grid cell were conservatively assigned a uranium-238 

concentration equal to the cleanup level. However, if all the blocks in a grid cell were below the 

cleanup level, the kriged average concentration in that grid cell was used as the source term for 

modeling purposes. 

As excavated soils can be placed anywhere under the cap, the source term for fate and transport 

modeling for consolidation and placement under a cap was based on maximum detected uranium-238 

concentration in each media type. If existing soils in a grid cell contained uranium-238 (at the South 

Field for example), the uranium-238 mass from existing soils was added to the total mass for that grid 

cell. However, leachate concentrations were estimated from the layer containing the highest level of 

uranium-238. This approach was selected to simulate a "worst-case" scenario since the sequence of 

contaminated soil removal and placement was not determined in detail during Feasibility Study. 

The source terms for perched water infiltration pathways were estimated using the following equation: 

Mass = (4 C, + PAC,) Ab 
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where 

A =  
b =  
c, = 

I < d =  
d =  
Pb = 

Area of cell (125 ft x 125 ft or 1452 square meter) 
Average perched water zone thickness 
Upper 95 percent confidence level on the mean (UCL) of the perched water 
concentration 
Distribution coefficient 
Porosity 
Bulk (dry) density 
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D.3.2.2 Methods of EstimatinP Leachate Concentrations 11 

The in-situ leachate concentration for technetium-99 was used as the initial leachate concentration in 12 

the vadose zone fate and transport model to predict concentrations at the top of the Great Miami 

Aquifer. The preferred data for estimating contaminant concentrations in leachate was analyses of in 

situ leachate. When these data were unavailable, an approach of using the next best available data, 

TCLP results, was followed. However, in-situ leachate or TCLP analyses were not available for 

uranium-238 at the South Field, Inactive Flyash Pile, and Active Flyash Pile. Therefore, leachate 

concentration for uranium-238 was estimated from the ratio between waste concentration and 

distribution coefficient for the waste. Distribution coefficients for the uranium-238 were 180 L/Kg 

and 37.5 L/Kg for the South Field waste and flyash, respectively. 

D. 3.2.3 Parameters 

A majority of the input parameters were directly taken from the Operable Unit 2 RI fate and transport 

modeling sections. Only critical parameters and parameters whose values have changed are discussed 

here. The most important parameter are the distribution coefficient and retardation factor. The 

retardation factors used in the FS modeling are the same as the ones used in the RI modeling. 

However, during SWIFT based Great Miami Aquifer model improvement, effective porosity in the 

saturated Great Miami Aquifer was changed from 25 percent to 30 percent. In order to hold the 

retardation factor for uranium-238 constant, the distribution coefficient was increased from 1.48 L/Kg 

to 1.78 L/Kg. Uranium-238 distribution coefficient for glacial overburden used in FS modeling was 
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200 L/Kg. This value remains unchanged from the RI modeling. 31 
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Till (Layer 1) thickness for the ODAST/SWIFTLOAD model was corrected to reflect that the 

impacted till is now included in the source term. Since contamination does not change flow 

properties of the impacted till, for the purposes of HELP model calculations, till thickness remained 
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0 the same as in the RI modeling unless the impacted till (above the cleanup level for the alternative) 

was removed. 

The vertical hydraulic conductivity values for Layer 1 were obtained from the geometric average 

horizontal hydraulic conductivities of 1000-series wells completed in dark gray clay or clayey silt or 

from the maximum permeability measurements conducted on core samples. The vertical hydraulic 

conductivity for Layer 2 was obtained by dividing the horizontal hydraulic conductivity of the Great 

Miami Aquifer by 10. The factor of 10 represents a typical horizontal to vertical hydraulic 

conductivity ratio. Results of the recent South Plume pump test calculated aquifer values for vertical 

to horizontal hydraulic conductivity ratios from 0.07 to 10.7 (Le., over a range which includes this 

value) (Parsons, 1993). The vertical hydraulic conductivity was estimated to be 2.4 x to 1.4 x 

lo-' centimeter per second (cdsec) for Layer 1. The vertical hydraulic conductivity of Layer 2 was 

estimated to be'1.6 x c d s e c  for all of the Operable Unit 2 subunits/disposal cell. 

D.3.2.4 Vadose Zone Modeling 

Vadose zone modeling was performed by using the leachate concentrations as input into one- 

dimensional unsaturated flow model to simulate transport through the vadose zone to the Great Miami 

Aquifer. The One-Dimensional Analytical Solute Transport (ODAST) model was used to simulate 

dispersion, retardation, and decay through unsaturated materials. The HELP model was used to 

estimate infiltration rates. For estimating infiltration rate, it was assumed that the geomembrane 

water barrier will deteriorate and that the leachate collection system in the liner will be ineffective. 

Waste above each SWIFT I11 grid cell was modeled separately with individual stratigraphy, 

contaminant type and concentration, and infiltration rate parameters. 

0 

D.3.2.5 Great Miami Aauifer Modeling 

The improved and calibrated groundwater flow model for the FEMP site was used to simulate the 

solute transport of COCs in the Great Miami Aquifer. The Operable Unit 2 fate and transport 

modeling involved incorporating the vadose zone modeling results (for the vadose zone and perched 

water infiltration pathways) to determine loading rates to the Great Miami Aquifer from the subunits 

or disposal areas. The model then simulated the transport of constituents away from these source 

areas. Dispersion, retardation, and decay were factored into the contaminant transport process. 

SWIFT In simulations of COC transport in the Great Miami Aquifer were run for up to 1000 years. 

Great Miami Aquifer modeling was performed only if COC concentrations at poi t A e try into the Bu;G&,a 
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Great Miami Aquifer, as predicted by ODAST/SWIFTLOAD, exceeded 

level. 

lifetime cancer risk 

The loading from each grid cell impacted by the subunit was entered into the SWIFT I11 model as a 

.discrete source, making multiple sources for each constituent. Due to the proximity of the Inactive 

Flyash Pile to the South Field, sources from the Inactive Flyash Pile and South Field were combined 

into one SWIFT I11 run. The modeling runs produced simulations of the aggregate effects of loading 

from these two subunits for the COCs. 

D.3.3 MODEL DESCRIPTIONS 

A description of each of the models used in the groundwater fate and transport modeling is contained 

in the following sections. 

D.3.3.1 HELP Model 

Infiltration rates (seepage rate) through the waste to the Great Miami Aquifer for various conceptual 

models were calculated using the Hydraulic Evaluation of Landfill Performance (HELP) model. The 

HELP model (Schroeder, et al., 1988) is a quasi-two-dimensional hydrologic model of water 

movement across, into, through, and out of a waste unit. The model accepts climatologic, soil, and 

design data and simulates a number of hydraulic processes including surface storage, runoff, 

infiltration, percolation, evapotranspiration, soil moisture storage, and lateral drainage. The systems 

that can be modeled by the HELP model include various combinations of vegetation, cover soils, 

waste cells, drainage layers, and relatively impermeable barrier soils. 

The HELP model is designed to perform water budget calculations for a system having as many as 

twelve layers. Each layer must be identified as either a vertical percolation, lateral drainage, barrier 

soil layer, or barrier soil layer with a geomembrane. Two barrier layers with or without 

geomembrane next to each other cannot be simulated in the HELP model. The identification of each 

layer used in the model is critical because the program models water flow through various types of 

layers in different ways. Runoff is calculated using the Soil Conservation Service (SCS) runoff curve 

number method by considering daily precipitation. Percolation and vertical water routing are modeled 

using Darcy’s Law for saturated flow with modifications for unsaturated conditions. 

Evapotranspiration is estimated by a modified Penman method adjusted for limiting soil moisture 
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The HELP model output consists of input data echo, optional simulation details, and a summary of 

results. The input data echo includes all the information used for input including the values chosen 

from the model’s built-in data base and manually input data. Following the input data echo, the 

program produces a table of daily results, monthly totals, and annual totals for each year if the option 

for detailed output was used. The summary includes average monthly totals, average annual totals, 

peak daily values on any day during the simulation period, and final moisture contents in all layers 

modeled. The average totals include precipitation, runoff, evapotranspiration, percolation, and lateral 

drainage for appropriate layers. 

D. 3.3.2 ODAST/SWIFTLOAD Model 

The ODAST/SWIFTLOAD model was used in the Operable Unit 2 analysis to define vertical 

contaminant transport from contaminated soil or perched water to the Great Miami Aquifer. ODAST, 

which is a subroutine of SWIFTLOAD, evaluates the basic one-dimensional analytical solute transport 

equation as a function of seepage velocity, dispersion coefficient, source decay, retardation factor, 

depletion time, and source rate. SWIFTLOAD has been developed as a data processing program to 

create an appropriate input file for the SWIFT model and runs ODAST as a subroutine on a cell by 

cell basis (SWIFTLOAD used the same 120 by 112 grid as the SWIFT Great Miami Aquifer model). 

SWIFTLOAD reads an external file defining the layer thickness for each model cell and hydraulic and 

transport properties for each block. 

0 

The ODAST computer code is based on the solution originally developed by Ogata and Banks (1961) 

and calculates the normalized concentrations of a given constituent in a uniform flow field from a 

source having a constant or varying concentration in the initial layer. ODAST has been extensively 

verified against STRIPlB (Batu 1989). 

The ODAST model implements an analytical solution to the partial differential equation 

where 

C = solute concentration (mass/volume) 

D = dispersion coefficient (length’ltime) 
and with the constant coefficients 
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V = seepage velocity (lengthhime) 
R = retardation factor -(dimensionless) 
X = solute decay factor (time") 

The solution must satisfy the initial and boundary conditions 

c (x,O) = 0 

ac VC, e-"', O I t 1 7 ,  
t>rO -D- + VC 

= { o, ax 

ac -Ix-- = 0 ax 

where the constants 

C, = initial source concentration (masdvol) 
01 = source depletion factor (time-') 
T~ = source depletion time (time) 

The solution is obtained using a Laplace transform technique and involves products of exponential and 

complementary error functions (Javandel et al. 1984). The solution for C is divided by Co to yield 

normalized concentrations. 

Because the coefficients in the governing equation are constant and the solution must satisfy a zero 

concentration gradient condition as x approaches infinity, ODAST is only strictly applicable to one- 

dimensional transport in homogeneous, semi-infinite media. However, the present application of 

ODAST is intended only to provide conservative estimates of aquifer mass loading histories. 

ODAST model runs can be executed for only one constituent at a time, and the solution may be 

applied over any arbitrary segment of a waste area that is judged to contain an unchanging subsurface. 

A superposition technique is used to combine calculations for the two homogeneous layers comprising 

the vadose zone conceptual model. The ODAST solution at the bottom of layer 1 is divided into 

1000 small time steps and a layer 2 run is performed for each of these steps. Each of these layer 2 

runs assumes no source decay, a recharge period 1/1000 of the total modeling time, and a source 

concentration equal to the averaged layer 1 solution for that time period. The solution at the bottom 
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, of layer 2 is obtained by summing the results of the 1000 layer 2 runs at specified time steps. For i 

N/FS modeling, concentrations are calculated for up to 1000 years, typically in steps of 20 years. 2 

Constituents that migrate quickly, such as technetium-99, require smaller time steps for accurate 

representation of loading curves. 

Input parameters for ODAST are the dispersion coefficient, seepage velocity, retardation factor, 

source depletion time, solute decay factor, and source depletion factor. These are discussed below: 

Seepage velocity and the dispersion coefficient depend upon the characteristics of the 
waste area and the vadose zone medium. Seepage velocity is calculated as an empirical 
function of the percolation rate obtained from the HELP model, saturated hydraulic 
conductivity, and porosity (US EPA 1988). The dispersion coefficient is obtained as an 
empirical function of seepage velocity (Biggar and Nielsen 1976). 

The retardation factor accounts for transport delays due to reversible reactions between 
the chemical constituent and the vadose zone solid matrix. It is thus dependent on both 
solute and medium characteristics, and is calculated as a function of the constituent’s 
partitioning coefficient and the vadose zone bulk density and moisture content (Walton 
1984 and Mills et al. 1985). 

The solute decay factor is constituent dependent. This parameter accounts for 
biodegradation in organics and radioactive decay in radionuclides, and is zero for stable 
inorganics. 

Source depletion time and factor control the mass flux history of the constituent at the top 
of the modeled layer. Based on the upstream boundary condition, source mass flux 
decays exponentially. To calculate depletion time and factor for the waste at the top of 
layer 1, the time dependent expression for mass flow from the source is integrated from 
zero to the source depletion time. This integral is equated to the depleted mass of the 
constituent to provide a single equation in two unknowns. A second equation is obtained 
by arbitrarily specifying a mass depletion fraction. This is the level (very close to, but 
less than one) at which the source is declared depleted; technically, the source is depleted 
only as time approaches infinity. As stated previously, depletion factor is zero and 
depletion time is 1/1000 of the total modeling time for the layer 2 runs. 

D.3.3.3 SWIFT Model 

The SWIFT model is used for simulating three dimensional contaminant transport in the Great Miami 

Aquifer. The SWIFT code is a fully coupled, transient, 3-dimensional finite-difference model for 

groundwater flow and transport through both porous and fractured media. The mass transport 

equations solved include terms for convection, dispersion, retardation by sorption, and decay or 

degradation of the contaminant. The SWIFT code, originally developed by Sandia National 

Laboratory in the late 1970s for the High Level Waste Program, has been revised several times to 
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increase its capability and to change computer platforms. These revisions include the addition of 

fractured media, a free water surface, extended boundary conditions, conversion to Fortran 77, 

extended options' for matrix solutions and post processing. GEOTRANS (1991) has converted SWIFT 

for use on 386 and 486 Personal Computers (PCs) and made additional changes to improve user 

friendliness and input and output control, the most recent version being SWIFT 2.52 (GEOTRANS 

1992). 

SWIFT was selected from among several codes for use in developing a flow and transport model of 

the Great Miami Aquifer in the vicinity of the FEMP. Subsequent to selection of the code, SWIFT 

code was specifically verified for use at the FEMP (IT 1990). A model of the Great Miami Aquifer 

(using SWIFT) was originally developed and calibrated from 1988 through 1990 (DOE 1993a). This 

model building effort consisted of 

Development and calibration of 2-D and 3-D regional flow models 

Development and calibration on a telescoped and more refined grid of a 3-D flow model 
of the FEMP and its adjacent areas 

Development and calibration of 2-D and 3-D solute transport models on the more refined 
grid. 

The original model consisted of five layers. The two uppermost layers represented the upper and 

lower parts of the upper Great Miami Aquifer, the middle layer includes a clay interbed that is 

present beneath the FEMP site and the lower two layers represent the lower Great Miami Aquifer. 

The layers extended laterally into bedrock at the edges of the buried valley that contains the aquifer. 

This original FEMP steady-state flow model was calibrated to 1986 water elevation data. 

Since that time, additional data have been collected, new wells have been installed, and a large scale 

pumping test (South Plume Pumping Test) has been conducted. Based on these factors and agency 

comments, a model improvement program was initiated (DOE 1993b). The essential elements of this 

model improvement program were completed in March 1994 (DOE 1994~). The Operable Unit 2 

Feasibility Study modeling makes use of this "improved" model. 

The model improvement program consisted of  

The model grid for steady-state flow and solute transport was expanded. The previous 
solute transport grid of 78 cells by 102 cells was enlarged by adding a band of 

3 

. 4  

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

L" 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

3 1  * 

32 

33 

34 

37 

..i:{.'.r'&..r" fb s; .J C h . 2  d 
FER\CRU2FSULG\APPD-3.TXnApril20. 1994 4: 1 Ipm D-3-14 



5 5 0 4  
FZMP-OU024 DRAFT 
April 29, 1994 

approximately 5250 feet wide along the eastern side and a band approximately 1250 feet 
wide along the northern side. The new grid contains 120 x 112 cells, each 125'feet 
square. The layering of the model also has been refined. The five layers of the original 
model have been replaced with six layers to better match existing well screen elevations. 
This allowed field data to be more accurately depicted and provided better vertical control 
over contaminant dispersion. 

Geostatistical analysis has been conducted to understand and correlate the spatial 
distribution of key data sets. These data sets include the water elevation data and the 
uranium analytical data from the 2000-, 3000- and 4000-series monitoring wells. 
Calculations included the sample semivariogram, and kriging and cokriging estimators 
along with their estimation variance. This analysis was used to help determine calibration 
criteria and to identify areas of the site where lower confidence exists in the analyzed data 
sets. 

A transient flow calibration was performed using the South Plume Pumping Test results. 
Parameter values for porosity and rock compressibility were developed from this 
calibration. Because of the scale and orientation of the pumping test wells, a telescoped 
grid (25 foot cell size) was created in the south plume area to effectively simulate the 
results of the pumping test. 

A steady-state flow calibration was conducted using the expanded and reconstructed 
steady-state grid. Steady-state heads were matched to the established calibration criteria. 
This recalibrated steady-state model is the primary model used for flow and solute 
transport simulations. 

0- The solute transport model was recalibrated to determine reasonable values of K,, (for 
uranium) and dispersivity for a representative source loading. The range of acceptable 
uranium I(d values has been established by reviewing site data related to K,, and by 
reviewing sensitivity runs of previously utilized K,, values corresponding to retardation 
factors of 9 and 12. 

The historical source loading terms were decoupled from the model and monitoring data 
are used to define initial conditions of uranium concentrations. Results from the glacial 
overburden and Paddys Run models are used to define future loading terms. 

Sensitivity analysis was performed on horizontal hydraulic conductivity (K,,), ratio 
between horizontal hydraulic conductivity and vertical hydraulic conductivity (KJK,,), 
porosity, uranium distribution coefficient, dispersivity (a) in order to understand the effect 
of variation of these parameters on the maximum concentration and transport of a 
normalized plume. 

Quality assurance/quality control procedures for modeling were defined to control and 
confirm the quality of the modeling effort. 

New data sets have been used in the construction and calibration of the model. In summary, new 

OGOg3g 0 data sets include: 
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Monitoring data from the 1990 to 1993 time period; 

Monitoring data from new wells installed since original calibration; 

Results of additional aquifer analysis to define &; 

Geostatistical analysis of data sets; 

Results from the South Plume Pumping Test; 

Results from construction and operation of the South Plume Recovery Well System; and 

Output from additional models (glacial overburden, surface water) to define hydraulic and 
solute loading terms. 

Model simulations of the improved site SWIFT model were performed using a Silicon Graphics 

Computer (Unix based). Simulation execution times for 1000 year solute transport runs varied 

between 30 and 40 hours. These 1000 year simulations generated extremely large output files and 

require peripheral hardware. Output was written to files from which relevant data was extracted 

using data manipulation programs written for that purpose. Contour plots were made using SURFER 

for selected constituents at different simulation times. Report graphics were imported into Intergraph 

Work Stations for preparation of final graphics. 

D.3.4 Modeling Results 

D.3.4.1 Solid Waste Landfill 

The alternative modeled was the consolidationlcontainment with off-site disposal. Only a small 

quantity of soil was considered for off-site disposal. Therefore, for the purposes of fate and transport 

modeling, it was assumed that all the waste will remain on-site. Figure D.3-3 shows the SWIFT 111 

grid blocks directly beneath the waste at the Solid Waste Landfill after consolidation and containment. 

The only COC for groundwater was technetium-99. Technetium-99 was not detected in the till, 

therefore, no till was included in the source term. Technetium-99 was not detected in the perched 

water, therefore, the perched water infiltration pathway was not considered for this alternative. 

The vadose zone model depicting flow in the subsurface soils at the Solid Waste Landfill considers 

two layers. Layer 1 soils consist of tills, 31 to 38 feet thick. Within the till is interbedded sand and 

gravel stringers with thicknesses of 0.5 to 6 feet containing,perched water were not considered as a 

c; (: <)$A3 
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part of Layer 1 of the vadose zone pathway. Beneath the till layer at the Solid Waste Landfill is the 

19 to 25 feet thick unsaturated sand and gravel layer (Layer 2). Table D.3-1 provides the physical 

parameters of various layers for each of the blocks modeled. 

i 

2 

The HELP model was used to estimate 3 

infiltration through the clay cap. Output from the HELP model is included in Attachment 1. 

Infiltration through the cap was estimated to be 1.14 incwyear. Infiltration is controlled by the cap 

and glacial overburden properties have negligible influence on the infiltration rate. 

Table D.3-2 lists the COC inventory in waste, predicted maximum leachate concentration, predicted 

maximum concentration from vadose zone Layer 2 (maximum loading concentration to the Great 

Miami Aquifer), seepage rates, and screening concentrations. Screening levels have been developed 

based on a lo7 lifetime risk of cancer and provide a basis for understanding the risk to human health 

from the ingestion of water from the Great Miami Aquifer at the hypothetical receptor location. 

Figure D.3-4 shows the loading curve for technetium-99 to the Great Miami Aquifer. The predicted 

maximum loading concentration was 29.9 pCi/L. Mass loading to the Great Miami Aquifer remains 

constant after 500 years. 

The groundwater fate and transport modeling results for Operable Unit 2 Feasibility Study are 

summarized in Table D.3-3. The table presents the maximum loading concentration, the maximum 

concentrations of the COC that would be expected in the aquifer within 1000 years and the time 

required for the COC to reach the maximum value. It also presents the predicted maximum 

concentration at the FEMP fence line. The maximum predicted technetium-99 concentration was 0.18 

pCi/L. This concentration is below the screening level, i.e., the maximum cancer risk due 

technetium-99 in groundwater is less than lo-'. Contour plot for projected increases in the 

concentrations of technetium-99, at the time of on-site maximum concentrations (660 years) is shown 

in Figure D.3-5. These figures shows that technetium-99 migration is towards the east. Due to 

constant loading from 660 years to 1000 years, Figure D.3-5 also represents technetium-99 

concentrations from 660 years to 1000 years. 

D.3.4.2 Lime Sludge Ponds 

No groundwater COCs were determined from the Baseline Risk Assessment for Lime Sludge Ponds. 

Therefore, no groundwater modeling was performed for the Lime Sludge Ponds. 

8 

9 

IO 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

FER\CRUZFSVLG\APPD-3 .TXnApri120. 1994 4:32pm D-3-17 



. -  

THIS PAGE LEFT INTENTIONALLY BLANK 



FEMPOU02-4 DRAFT 

a 

a 

A p r i l  29,1994 

8220C 

82000 

5 
? 
) 
> 
1 
) 
1 

1379600 1379800 

RELOCATED DITCH 
WITH 4 'WIDE FLAT 

--- 

DITCH \ 

\ 
\ 

\ 

I B A T T E R Y  LIMITS' 
585 - - - - - - - _ _ _ _  (50.91) \ A I  :I 

1 

n 

X X-  

-ACCESS 
ROAD 

---_ I t f - - - - - -  - - -_  
_ _ _ - - -  - 

/ 

-X 
/ 

c _ - - - - - - - - -  
1 

X$iX / _ - - -  
/-  

/ c / 

/ 
c 

c 

/ 
/ 

,<.IX * c . . 0 5 - -  I c . ,/ /<I' , . . 
I 

- 
I I I I \ I  I I 1 

1379600 13 7 9800 

LMATCH CAP WITH 
SURROUNDING EXISTING GRADE, 
ROAD AND RAILROAD 

F82400 

,82200 

82000 

t 

5504 

LEGEND 

\s7s/ ELEVATION CONTOURS 

- - =  ROADS 
. % _  .. 
--_. 

*\ STREAM 

DRAINAGE WAY - _ _ _  
\ BATTERY LIMITS 

\*, FENCE 

\ RAILROAD 

(51,911 SWIFT GRID (COLUMN,ROW) 

NOTE 1 

FOR COMPOSITE CAP DETAIL, 
REFER TO APPENDIX E. 

NOTE: 
Coordinates a r e  in Sta te  
Planar NAD 1927. 
Surface contours  based on 
1992 f lyover .  

SCALE ( F T )  

1 
0 25 50 100 

SCALE (METER) 

0 6 12 24 

FIGURE 0.3-3 
S W I F T  GRID AT 

SOLID W A S T E  LANDFILL 
CONS 0 L ID A T  ION / C 0 N T AlNME N T 



FEMP-OU02-4 DRAFT 
April29. 1994 

5 5 0 4  

W 0 I- 0 
(lic/%y) WPTI 

I- 0 I- 
O 

I- 0 I- 
O 

I- 
0 
I I I I I I I 

w W w w w w w z 9 
3 

v! 2 .  z x z 3 

VI m 0 m 

0 0 + 
w 
8 ,  

0 s 

0 
0 UJ 

0 0 \o 

h 

L 

0 
A v 

B 
F 

0 0 ct 

0 0 
N 

0 
In 0 

. .  

t 



LEGEND: 
CONCENTRATION 
CONTOUR (pCi/L) 

BEDROCK 

C FIGURE 0.3-5 
PROJECTED INCREASE IN TECHNETIUM-99 CONCENTRATIONS 

IN THE GREAT MIAMIAQUIFER FROM 660 
TO 1000 YEARS DUE TO LOADING FROM 

THE SOLID WASTE LANDFILL 

0 

t 
t 
F 
e4 
0 
0 
9) 
0 
lA 

9 

- 

D-3-20 



PEMP-OU02-4 DRAFT 
April 29, 1994 

\ 6 5 0 4  

9 z 9 z 

0 0 m 
\o 

$! 

- 
3 a 

D-3-2 1 



FEMP-OUOZ-4 DRAFT 
April 29, 1994 

1. -r 
o! 
3 

PI 
9 
PI 

r! 
W 

3 

2 
0 3 

PI 2 \9 

9 
a? 
PI 

I 

ul 
PI 

m W 0 't 
W 
u! 3 

I 

0 
PI 
ul 

- 
0 
m 

8 
0, 

- * 
8 

0 0 0, / b  0 * 
P 

P 0 
PI 

22 
09 
4 

; 1 1 ,  
0 0 

0 0 ". 
$1 

13 
0 

00 

m ? IF 3 
3 

00 

3 m r;l 15 3 
00 m 

5 

0- 
N 

c 00 

E 
4 
s 

E n 

9) 

e 0 

a 
a cu 

z 
." # 

m z 
n 

< z I 

D-3-22 



PEMP-OU02-4 DRAFT 
. April 29, 1994 

i50 4 

w -  Inw 
0 0  0 0  
-19 -I-? 

0 0  0 0  
2 2  2 2  % %  % %  

b b  b b  P 4  
c 

PIn wl- 
0 0  O N  
099 909 

.. 
0 0  0 0  w w  w w  
d b  b b  d 

8 
222 222 

m s 
3 m w 
& 

09c? - c ?  
3 -  In- CIP . -  

d 
a 3  

U E 

'C 0 
0 
C 
0 

D-3-23 



0 0  0 0  
3 s  3 3  

% %  % %  
d.b b b  

I ,  I ,  

D-3-24 

FEMP-OU02-4 DRAPT 
April 29, 1994 

x 
2 
0- 
PI 



. EMP-OU02-4 DRAFT 

N 650  4 
April 29, 1994 

I D.3.4.3 Active Flvash Pile 
The alternative modeled was the consolidatiodcontainment. Figure D.3-6 shows the SWIFT I11 grid 2 

blocks directly beneath the flyash from the Active Flyash Pile after consolidation and containment. 

The only COCs for groundwater were uranium isotopes. Impacted till was included in the source 

term. Only the vadose zone pathway was applicable for this alternative. 

3 

4 

5 

6 

The vadose zone model depicting flow in the subsurface soils at the Active Flyash Pile containment 

area considers two layers. Layer 1 soils consist of tills, 11 to 13 feet thick. Interbedded sand and 

gravel stringers containing perched water within the till were not considered as a part of Layer 1 of 

the vadose zone pathway. Beneath the till layer is the 30 to 33 feet thick unsaturated sand and gravel 

layer (Layer 2). Table D.3-4 provides the physical parameters of various layers for each of the 

blocks modeled. . The HELP model was used to estimate infiltration through the clay cap. Output 
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11 

12 

from the HELP model is included in Attachment 1. Infiltration through the cap was estimated to be 13 

1.14 inchlyear . 14 

I5 

Table D.3-2 lists the COC inventory in waste, predicted maximum leachate concentration, predicted 

maximum concentration from vadose zone Layer 2 (maximum loading concentration to the Great 

Miami Aquifer), seepage rates, and screening concentrations. The predicted maximum uranium-238 

loading concentration was 4 x loz9 pCi/L. Due to very low loading concentration, further modeling 

16 

17 

18 

e 
19 

was not performed. Table D.3-3 shows predicted results for other uranium isotopes. 

were scaled form the uranium-238 results. 

These results 20 

21 

22 

D.3.4.4 Inactive Flvash Pile/South Field 23 

SWIFT I11 grid cells impacted by direct loading from these subunits. Impact of the perched water 

Figure D.3-7 shows the areal extent of the waste in the South FieldDnactive Flyash Pile and the 24 

25 

subsurface seeps on the Great Miami Aquifer and three alternatives were modeled for the South 

Field/Inactive Flyash Pile. 

26 

The lithology of the South Field/Inactive Flyash Pile area is variable with 27 

28 

29 

the southwestern portion containing virtually no tills, while the till thicknesses increases to 22 feet 

towards the northeastern side. 

(Layer 2) ranges from 16 to 33 feet. 

subsurface soils at the South Field/Inactive Flyash Pile used two layers in the area where till is 

present and used one layer (unsaturated Great Miami Aquifer) where till is not present. 

The thickness of the unsaturated zone in the Great Miami Aquifer 

Therefore, the vadose zone model depicting flow in the 30 

31 

The HELP 32 Q 
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model was used to estimate infiltration through the residual soils and the composite cap. Results from 

the HELP are presented in Attachment 1. 

D.3.4.4.1 Impact of the Perched Water Subsurface Seep Pathway 

Fate and transport modeling for the Operable Unit 2 RI indicated that the perched water subsurface 

seep pathway has a major impact on the Great Miami Aquifer. This modeling scenario quantifies the 

impact of the perched water subsurface seep pathway on the Great Miami Aquifer. Figure D.3-7 

identifies eight grid cells that may receive perched water from the subsurface seep pathways. Figure 

D.3-8 shows the conceptual model for perched water subsurface seeps. Perched water has been 

observed in 0 to 3 - feet. (0 to 1 - meter) thick sand and gravel layers in the glacial overburden. 

Perched water not only represents a source for vertical infiltration, but it also serves as a source for 

the surface seeps and subsurface seeps. As shown in Figure D.3-8, perched water moves laterally in 

the sand/gravel layer until it is intercepted at the sand/gravel and waste interface. At that point, 

perched water moves along the slope of waste and till interface until it comes in contact with the 

unsaturated Great Miami Aquifer. The subsurface seep water then vertically infiltrates to the aquifer. 

The travel time for lateral movement of the perched water was assumed to be small compared to the 

travel time for the vertical movement of the perched water. 

The source term for the perched water subsurface seep pathways included uranium-238 in perched 

water as well as uranium-238 adsorbed in the sand and gravel in the glacial overburden underneath 

the Inactive Flyash Pile and South Field. Table D.3-5 shows the physical parameters for this 

simulation. Table D. 3-2 shows that the predicted maximum uranium-238 loading concentration for 

the Great Miami Aquifer was 1670 pCi/L. Figure D.3-9 shows the loading curve for uranium-238 to 

the Great Miami Aquifer due to perched water subsurface seep pathway. 

The groundwater fate and transport modeling results for Operable Unit 2 Feasibility Study are 

summarized in Table D.3-3. The maximum predicted uranium-238 concentration in the Great Miami 

Aquifer was 303 pCi/L, and maximum concentration at the FEMP fence line was 15.6 pCi/L. The 

maximum uranium-238 concentration on-site and at the FEMP fence line were predicted to occur at 

80 and 160 years, respectively. Figures D.3-10 and D.3-11 show the projected increase in 

uranium-238 concentrations due the perched water subsurface seep pathways at 80 and 160 years, 

respectively. As noted earlier, total uranium, uranium-234, and uranium 235/236 concentrations were 

estimated from the results of uranium-238 modeling. 
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Tab 6.Dr3-3 and Figures D.3-9 through D.3-11 indicate that uranium-238 concentrations due to 

perched water subsurface seeps alone may exceed 10” cancer risk level and total uranium 

concentration may exceed MCL (20 ug/l). Therefore, perched water lateral migration should be 

controlled. For the remaining alternatives it will be assumed that perched water lateral migration 

engineering control will be used and therefore, the perched water subsurface seep pathway and seep 

pathway will not be included in the modeling. However, the perched water still represents a source 

for vertical infiltration, and was modeled. 

D.3.4.4.2 Removal to 60 DCi/g on the TOR of Terrace and Removal to Background Elsewhere 

Figure D.3.7 shows the areal extent of the waste in the South Field/Inactive Flyash Pile and the 

SWIFT I11 grid cells impacted by direct loading from these subunits. 

containing uranium-238 at concentrations greater than 60 pCi/g on the top of the terrace was assumed 

to be removed. Furthermore, all sources directly on the Great Miami Aquifer or on the terrace face 

was assumed to removed. It was assumed that the perched water lateral migration will be controlled 

and therefore will not require seepage modeling. However, the perched water still represents a 

For this alternative, waste 

source for vertical infiltration and was modeled. Table D.3-6 shows the physical parameters for this 

alternative. Table D.3-2 shows that the predicted maximum uranium-238 loading concentration to the 

Great Miami Aquifer was 1.6 x 10- pCi/L. Due to very low loading concentration, further modeling 

was not performed. Table D.3-3 shows predicted results for other uranium isotopes. 

were scaled from the uranium-238 results. Fate and transport modeling indicates that impact to the 

Great Miami Aquifer from waste on the top of the terrace is negligible in 1000 years. 

These results 

D.3.4.4.3 No Removal on TOR of Terrace and Removal to Background Elsewhere 

Figure D.3-7 shows the areal extent of the waste in the South Fieldhactive Flyash Pile and the 

SWIFT I11 grid cells impacted by direct loading from these subunits. For this alternative, only the 

waste and impacted till on the sloping face of the glacial till (terrace) and the waste directly on the 

Great Miami Aquifer were assumed to be removed. The fate and transport modeling assumed that the 

lateral migration of the perched water will be controlled and therefore will not require seepage 

modeling. However, the perched water still represents a source for vertical infiltration, and was 

modeled. Table D.3-7 shows the physical parameters for this alternative. Table D.3-2 shows that the 

predicted maximum uranium-238 loading concentration to the Great Miami Aquifer was 1.6 x lo4 

pCi/L. Due to very low loading concentration, further modeling was not performed. Table D.3-3 

shows predicted results for other uranium isotopes. These results were scaled from the uranium-238 
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results. Fate and transport modeling indicates that impact to the Great Miami Aquifer from waste on - I 

the top of the terrace is negligible in 1000 years. 2 

D.3.4.4.4 Removal to 60 RCi/g on TOR of Terrace and to 5 DCi/g Elsewhere 

Figure D.3-7 shows the areal extent of the waste in the South Fieldhactive Flyash Pile and the 

SWIFT I11 grid cells impacted by direct loading from these subunits. For this alternative, waste 

containing uranium-238 at concentrations greater than 60 pCi/g on the top of the terrace was assumed 

to removed and disposed at the Operable Unit 2 disposal cell. Furthermore, any waste or impacted 

till on the sloping face of the glacial till (face of the terrace) or waste directly on the Great Miami 

Aquifer at concentrations exceeding 5 pCi/g were also assumed to be removed. The fate and 

transport modeling assumed that the lateral migration of the perched water will be controlled and 

therefore will not require seepage modeling. However, the perched water still represents a source for 

vertical infiltration, and was modeled. Table D.3-8 shows the physical parameters for this 

alternative. Table D .3-2 shows that the predicted maximum uranium-238 loading concentration to the 

Great Miami Aquifer was 25 pCi/L. Figure D.3-12 shows the loading curve for uranium-238 to the 

Great Miami Aquifer. The maximum mass loading rate occurs at 460 years. a 
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The groundwater fate and transport modeling results for Operable Unit 2 Feasibility Study are la 

summarized in Table D.3-3. The maximum predicted uranium-238 concentration in the Great Miami 19 

Aquifer was 0.94 pCi/L. Figures D.3-13 and D.3-14 show the projected increase in uranium-238 20 

concentrations due to the South Field and Inactive Flyash Pile at 460 and 1000 years, respectively. 

The maximum uranium-238 concentrations on-site and at the FEMP fence line were predicted to 

occur at 460 years. As noted earlier, total uranium, uranium-234, and uranium-235/236 

concentrations were estimated from the results of uranium-238 modeling. 

D.3.4.4.5 ConsolidatiordContainment with Residual Soils at 5 K i / g  

Figure D.3-7 shows the areal extent of the South FieldAnactive Flyash Pile waste containment area 

and the SWIFT 111 grid cells impacted by direct loading from it. For this alternative, waste 

containing uranium-238 at concentrations greater than 5 pCi/g was consolidated and contained as 

shown in Figure D.3-7. The fate and transport modeling assumed that the lateral migration of the 

perched water will be controlled and therefore will not require seepage modeling. However, the 

perched water still represents a source for vertical infiltration, and was modeled. Table D.3-9 shows 

the physical parameters for this alternative. Table D.3-2 shows that the predicted maximum 
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0 uranium-238 loading concentration to the Great Miami Aquifer was 25 pCi/L. Figure D.3-15 shows 

the loading curve for uranium-238 to the Great Miami Aquifer. The maximum mass loading occurs 

at 460 years. The loading curve is similar to Figure D.3-12 because dominant part of mass loading is 

due to residual soils left on the Great Miami Aquifer. 

The groundwater fate and transport modeling results for Operable Unit 2 Feasibility Study are 

summarized in Table D.3-3. The maximum predicted uranium-238 concentration in the Great Miami 

Aquifer was 1.03 pCi/L. Figures D.3-16 and D.3-17 show the projected increase in uranium-238 

concentrations due to the South Field and Inactive Flyash Pile at 460 and 1000 years, respectively. 

The maximum uranium-238 concentration on-site and at the FEMP fence line was predicted to occur 

at 460 years. As noted earlier, total uranium, uranium-234, and uranium-235/236 concentrations 

were estimated from the results of uranium-238 modeling. 

D.3.4.5 Disuosal Cell 

Figure D.3-18 shows the SWIFT I11 grid blocks directly beneath the on-site disposal cell considered 

for the Operable Unit 2 wastes. Wastes from the Lime Sludge Ponds, South Field, Inactive Flyash 

Pile, and Active Flyash Pile were considered for containment at the disposal cell. The germ material 

may contains residual soils from the Operable Unit 2 subunits and was included in the source term. 

The only COCs for groundwater for the waste to be disposed at the disposal cell were uranium 

isotopes. It was assumed that waste will not be treated before disposal. This represents the worst- 

case scenario. Only the vadose zone pathway was applicable for the disposal cell. 

The vadose zone model depicting flow in the subsurface.soils at the disposal cell considers two layers. 

Layer 1 soils consist of tills with a minimum thickness of 24 feet. Interbedded sand and gravel 

stringers containing perched water within the till were not considered as a part of Layer 1 of the 

vadose zone pathway. Beneath the till layer is more than 35 feet thick unsaturated sand and gravel 

layer (Layer 2). Table D.3-10 provides the physical parameters of various layers for each of the 

blocks modeled. The HELP model was used to estimate infiltration through the composite cap. 

Output of HELP model are included in the Attachment D.3.1. Infiltration through the cap and the 

berm were estimated to be 1.22 and 3.06 inch/year, respectively. 

Table D.3-2 lists the COC inventory. In waste, predicted maximum leachate concentration, predicted 

maximum concentration from vadose zone Layer 2 (maximum loading concentration to the Great 
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April29, 1994 0 Miami Aquifer), seepage rates and screening concentrations. Leachate concentrations were estimated 

from the waste containing highest uranium-238 concentrations. Table D.3-2 show that uranium-238 

does not reach the Great Miami Aquifer in 1000 years. This result makes it impractical to attempt to 

estimate differences that might be caused by treating any of the waste prior to placement in the cell. 

Any treatment would reduce the leachate concentration. However, uranium-238 would not reach the 

aquifer in any case and all treatment methods would yield identical results - no impact on the Great 

Miami Aquifer. 

D.3.5 ECTran Confirmation Modeling with ODAST/SWIFT 

Conformation modeling was conducted using the ODAST/SWIFT Model to verify that the modified 

PRGs developed using the ECTran Model are protective of the Great Miami Aquifer at the designated 

risk based criteria. Results of this modeling are provided in Section D.3.4.4. Conformation 

modeling was conducted for the South Field/Inactive Flyash Pile area. This conformation modeling 

evaluated removing all contaminated material from the area directly on the Great Miami Aquifer and 

on the sloping face of the glacial overburden (terrace face) and left all contaminated material on the 

top of the terrace. The results of this evaluation indicated that the maximum uranium-238 

concentration in the Great Miami Aquifer is predicted to be 1.6 x 10- pCi/L. The predicted result is 

significantly less than 10" criteria for uranium-238 which is 0.62 pCi/L. This indicates that the 

ECTran model overestimates the impact on the Great Miami Aquifer. 

0 

Additional ODAST/SWIFT modeling was conducted to evaluate the concentration of uranium-238 

which could be left in the South Field/Inactive Flyash Pile, and be protective of the Great Miami 

Aquifer. This evaluation assumes that lateral groundwater migration is prevented with source 

controls. A concentration of 5 pCi/g of uranium-238 was evaluated for the area directly above the 

Great Miami Aquifer or on the terrace face and 60 pCi/g of uranium-238 was evaluated for the top of 

the terrace. The results of this analysis indicated that the 60 pCi/g concentration on the top of the 

terrace resulted in a maximum concentration of 1.6 x lo4' pCi/L in the Great Miami Aquifer, which 

is considered negligible. The 5 pCi/g concentration direct on the Great Miami Aquifer resulted in a 

maximum uranium-238 concentration at the FEMP fence line of 0.153 pCi/L, which is less than the 

0.62 pCi/L risk criteria for the off-property farmer. These confirmation results indicate that ECTran 

model is very conservative and underestimates the PRGs and PRLs. 
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INFILTRATION CALCULATIONS FOR ODAST/SWIFT MODELING 
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D.3.1 INFILTRATION CALCULATIONS FOR ODAST/SWIFT MODELING 1 

2 

MODELING APPROACH 3 

Infiltration rates (seepage rate) through the waste to the Great Miami Aquifer for various conceptual 4 

models were calculated using the Hydraulic Evaluation of Landfill Performance (HELP) model. 

movement across, into, through, and out of a waste unit. The model accepts climatologic, soil, and 

infiltration, percolation, evapotranspiration, soil moisture storage, and lateral drainage. ,The systems 

that can be modeled by the HELP model include various combinations of vegetation, cover soils, 

waste cells, drainage layers, and relatively impermeable barrier soils. 

The 5 

HELP model (Schroeder, et al., 1988) is a quasi-twodimensional hydrologic model of water 6 
, 

7 

design data and simulates a number of hydraulic processes including surface storage, runoff, 8 

9 

10 

11 

12 

The HELP model was run in 5-year steps using the climatologic data (precipitation and mean monthly 

temperatures) from 1974 to 1978 for Cincinnati, Ohio. These data were obtained from the HELP 

model database. The HELP model was run to "steady state", that is, until successive simulations 

showed less than 0.005 change between initial and final year soil moisture content in any of the 

layers. A successive substitution procedure was used to reach steady state conditions. 0 
Physical properties of waste, glacial till, and the Great Miami Aquifer soils were the same as 

properties used in the Operable Unit 2 Remedial Investigation fate and transport modeling (Appendix 

A-2 of the Final RI Report). These values were defined based upon RI sampling activities. 

Figure D.3.1-1 shows a typical section for the composite cap and liner. Figure D.3.1-2 shows a 

typical section for the clay cap. Design data for conceptual models available on February 28, 1994 

were used for infiltration calculations. Topsoil, vegetative soil support, sand filter, cobbles, pea 

gravel, bentonite geocomposite, clay liner with bentonite, and compacted structural fill were simulated 

as HELP soil texture no. 6, 5, 2, 1 ,  1 ,  18, 18, and 17, respectively. HELP default hydraulic 

conductivities were modified to match the design. Hydraulic conductivities for these layers were 1 x 

lo", 5 x lo", 1 x lo3,  10.0, 1 x 

cover was assumed to be fair and the evaporative zone depth was conservatively estimated to be 18 

inches. 

1 x 1 x and 2.6 x lo-' cdsec ,  respectively. Grass 

13 
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The bentonite geocomposite was assumed to be 0.25 inch thick with properties of recompacted clay. 

The HDPE geomembrane was assumed to have deteriorated and the drainage layer in the liner was 

assumed to be ineffective. The bentonite geocomposite (a barrier layer) is on top of clay soil liner 

with bentonite layer (another barrier layer) (see Figure D.3.1-1). However, the HELP model cannot 

simulate two barrier layers next to each other. Therefore, a vertical percolation (sand) layer with 

hydraulic conductivity of 10.0 cm/sec was inserted in between the two barrier layers. 

For conceptual models with cap, the HELP model simulation showed that the infiltration rate is not 

sensitive to the thicknesses of waste, glacial overburden, or the unsaturated Great Miami Aquifer. 

This may be because infiltration through these caps is very small and is within the transmissive 

capability of the glacial overburden under gravity drainage. 

The remaining conceptual models were simulated with typical thicknesses of waste, glacial till, and 

unsaturated Great Miami Aquifer obtained during field activities for the Remedial Investigation and 

were modified to account for any source removal considered. It was assumed that the top 12 inches 

will be reworked, fertilized and seeded. Sand/gravel layers within the Glacial Overburden and 

weathered till were ignored while calculating glacial till thickness. An attempt was made to estimate 

worst-case infiltration rates. 
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GEOGRID LIME SLUDGE 
PONDS ONLY 

12' CUSHION LAYER 
COMPOSITE CAP (CONTAMINATED SOIL/ 

FLYASHIL IME SLUDGE 
WINO SHARP OBJECTS) 
GEOTEXTILE FABRIC 

12' PEA GRAVEL 
6" DIA. PERFORATED HOPE 
LEACHATE COLLECTION 
PIPING 

GEOTEXTILE FABRIC 
HOPE FLEXIBLE 
MEMBRANE LINER 
(FML) 
BENTONITE GEOCOMPDSITE 

CONTAMINATED 
SOIL/DEBRIS/ 
FLYASHILIME 

60' C L A Y  
SOIL LINER W /  BENTONITE 

COMPACTED SUBGRADE COMPOSITE LINER 

hy\ TOPSOIL Fwd PEA GRAVEL 

LEGEND 

C L A Y  SOIL LINER 
W /  BENTOMITE 

ma COBBLES lml VEGETATIVE SUPPORT 

t-iDPE FLEXIBLE MEMBRANE LINER (FML) 

GRASS COVER 

CUSHION LAYER - 
COMPACTED SUBGRADE - BENTONITE GEOCOMPOSITE 

CONTOUR FILL - - - - GEOTEXTILE FABRIC 

GRASS COVER - FERTILIZE, 
SEED AND MULTCH 
6' TOPSOIL 
21' COMMON SOIL 
VEGETATIVE SUPPORT 
GEOTEXTILE 'FABRIC 
6'SAND FILTER 
GEOTEXTILE FABRIC 

36' COBBLES 

GEOTEXTILE FABRIC 

12' PEA GRAVEL 

BENTONITE GEOCOMPOSITE 

24' C L A Y  
SOIL LINER W /  BENTONITE 

COMPACTED F I L L  
DEPTH VARIES - 
(MIN. 12'- MAX.24') 

FIGURE 0.3. 1-1 
TYPICAL DETAIL . .  cpm.$y~~ 

COMPOSITE CAP AND LINER 1 

D-3-1-3 



FEMP-OU02-4 DRAFT 
, '5 ;? A p r i l  29,1994 
. I  s a -  
f - -  - 

INFILTRATION 
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( Y h  Y l 1  GRASS COVER - - - GEOTEXTILE FABRIC 

GRASS COVER - FERT 
SEED AND MULTCH 
6' TOP SO I L 
18' COMMON SOIL 
VEGETATIVE SUPPORT 

GEOTEXTILE FABRIC 

' 12' PEA GRAVEL 

' GEOTEXTILE FABRIC 

24' C L A Y  SOIL 
LINER W /  BENTONITE 

COMPACTED F I L L  
DEPTH VARIES - 
(MIN. 12'- MAX.24') 
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FIGURE 0.3. 1-2 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CLAY CAP 
March 11, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR GRASS 

LAYER 1 
-------- 

VERTICAL PERCOLATION LAYER 
- - 6.00 INCHES 
- 0.4530 VOL/VOL , 

TH I CKN ESS 

- 0.1901 VOL/VOL 
POROS I TY 

- 0.0848 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.3207 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.001000000047 CM/SEC 

- 
- 
- 

VERTICAL PERCOLATION LAYER 
- - 18.00 INCHES 
- 0.4570 VOL/VOL 

THICKNESS 

- 0.1309 VOL/VOL 
POROSITY 

- 0.0580 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.2426 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000500000024 CM/SEC 

- 
- 
- 

LAYER 3 
-------- 

LATERAL DRAINAGE LAYER 
- - 12.00 INCHES 
- 0.4170 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.2732 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC 
SLOPE - - 5.00 PERCENT 
DRAINAGE LENGTH 

- 
- 
- 0.0200 VOL/VOL - 

= 175.0 FEET 
000754 
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2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

n 
23 

24 

BARRIER SOIL  LINER 
- - 24.00 INCHES 
- 0.4300 VOL/VOL 

THICKNESS 

- 0.3663 VOL/VOL 
POROSITY 

- 0.2802 VOL/VOL 
F IELD CAPACITY 

I N I T I A L  SOIL  WATER CONTENT - - 0.4300 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 

- 
- 
- 

68.00 SCS RUNOFF CURVE NUMBER - 
= 46000. SQ FT 
- 18.00 INCHES 

TOTAL AREA OF COVER 

- 8.2020 INCHES 
EVAPORATIVE ZONE DEPTH 

- 4.8354 INCHES 
UPPER L I M I T  VEG. STORAGE 

I N I T I A L  SNOW WATER CONTENT - - 0.0000 INCHES 
I N I T I A L  VEG. STORAGE 

SOIL  AND WASTE LAYERS - - 19.8894 INCHES 
I N I T I A L  TOTAL WATER STORAGE I N  

- 

- 
- 
- 

SOIL  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

cif.roq55 
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STD. D E V I A T I O N S  

RUNOFF 
------ 

TOTALS 

STD. D E V I A T I O N S  

STD. D E V I A T I O N S  

3.33 1.59 3.86 
3.54 4.80 2.89 

0.56 1.34 1.71 
2.04 1.04 2.17 

0.000 0.006 0.000 
0.000 0.000 0.001 

0.000 0.013 0.000 
0.000 0.000 0.001 

0.844 1.518 2.382 
4.536 4.351 2.312 

0.189 0.322 0.148 
1.395 1.298 1.628 

LATERAL DRAINAGE FROM LAYER 3 
--------__-----_____---------- 

TOTALS 1.1922 1.2683 1.2703 
0.4083 0.1525 0.1772 

STD; D E V I A T I O N S  0.7559 0.7180 0.8252 
0.3918 0.1662 0.3461 

PERCOLATION FROM LAYER 4 
____________________----- 

TOTALS 0.1068 0.1109 0.1273 
0.0831 0.0757 0.0681 

STD. D E V I A T I O N S  0.0540 0.0299 0.0156 
0.0405 0.0438 0.0440 

3.11 3.36 4.79 
3.33 2.69 3.36 

0.63 1.78 1.24 
1.37 1 .35  1.99 

0.000 0.000 0.000 
0.000 0.000 0.005 

0.000 0.000 0.000 
0.000 0.000 0.011 

2.794 2.983 4.954 
1.978 1.646 0.890 

0.391 1.564 1.091 
0.510 0.152 0.188 

1.3076 0.8941 0.4875 
0.2426 0.2446 0.6608 

0.7979 0.6691 0.4991 
0.4287 0.3280 0.6145 

0.1242 0.1191 0.1071 
0.0532 0.0683 0.0937 

0.0198 0.0131 0.0104 
0.0414 0.0457 0.0467 

....................................................................... 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS)  FOR YEARS 74 THROUGH 78 

( INCHES) (CU. FT.) PERCENT 
....................................................................... 

---------------- ----------- - - - - - - - 
PREC I P I T A T I O N  40.64 ( 6.929) 155794. 100.00 

RUNOFF 0.011 ( 0.014) 43. 0.03 

EVAPOTRANSPIRATION 31.187 ( 2.864) 119551. 76.74 

LATERAL DRAINAGE FROM 8.3060 ( 3.7580) 31840. 20.44 
LAYER 3 

PERCOLATION FROM LAYER 4 1.1375 ( 0.2501) 4360. 2.80 

CHANGE I N  WATER STORAGE 0.000 ( 3.670) 0. 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

....................................................................... 

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 

PRECIP ITATION 2.40 9200.0 

RUNOFF 0.028 107.7 

LATERAL DRAINAGE FROM LAYER 3 0.0940 360.5 

PERCOLATION FROM LAYER 4 0.0057 21.9 

HEAD ON LAYER 4 16.3 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 0.3405 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 0.0667 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 4.37 0.2426 

3 3.28 0.2732 

4 10.32 0.4300 

SNOW WATER 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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....................................................................... 

....................................................................... 

LOW LEVEL RADIOACTIVE WASTE DISPOSAL FACIL ITY  FOR OPERABLE U N I T  2 

MINIMUM WASTE THICKNESS 
GEOCOMPOSITE CAP AND LINER - NO HDPE LINER AND FAILED LEACHATE COLLECTION SY 

F e b r u a r y  28, . 1 9 9 4  

. ...................................................................... 

....................................................................... 

FAIR  GRASS 

LAYER 1 
-------- 

VERTICAL PERCOLATION LAYER 
- - 6 . 0 0  INCHES 
- 0 . 4 5 3 0  VOL/VOL 

THICKNESS 
POROSITY 

- 0 .0848  VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  SOIL  WATER CONTENT - - 0 .3243  VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0 .001000000047  CM/SEC 

- 
- 0.1901 VOL/VOL - 
- 

LAYER 2 
-------- 

VERTICAL PERCOLATION LAYER 
- - 21.00 INCHES 
- 0 .4570  VOL/VOL 

THICKNESS 

- 0.1309 VOL/VOL 
POROSITY 

- 0 .0580  VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  SOIL  WATER CONTENT - - 0 .2440  VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0 .000500000024  CM/SEC 

- 
- 
- 

LAYER 3 
-------- 

VERTICAL PERCOLATION LAYER 
6 . 0 0  INCHES 
0 .4370  VOL/VOL 
0 .0624  VOL/VOL 
0 .0245  VOL/VOL 
0 . 1 5 8 1  VOL/VOL 

- - 
- - 

THICKNESS 
POROSITY 
F I E L D  CAPACITY 
WILTING POINT 
I N I T I A L  SOIL  WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0 .001000000047  CM/SEC 

- - 
- - 
- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

29 

M 
31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

41 

48 

49 

50 

3 c u  
FER\CRU2FSULGWPD-3.TXlUpriI20. 1994 6:4Opm D-3-1-10 



FEMP-OU02-4 DFAFT 
April 29, 1994 

VERTICAL PERCOLATION LAYER 
36.00 INCHES - - 

- 0.4170 VOL/VOL 
THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.0454 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 10.000000000000 CM/SEC 

- 
- 
- 0.0200 VOL/VOL - 

LAYER 5 
-------- 

LATERAL DRAINAGE LAYER 
- - 12.00 INCHES 
- 0.4170 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.4170 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC 
SLOPE - - 4.00 PERCENT , 

DRAINAGE LENGTH = 800.0 FEET 

- 
- 
- 0.0200 VOL/VOL - 

BARRIER SOIL LINER 
- - 0.25 INCHES 
- 0.4000 VOL/VOL 

THICKNESS 

- 0.3560 VOL/VOL 
POROSITY 

- 0.2899 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.4000 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000010000 CM/SEC 

- 
- 
- 

VERTICAL PERCOLATION LAYER 
- - 2.00 INCHES 
- 0.4170 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 
F I ELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.0564 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 10.000000000000 CM/SEC 

- 
- 
- 0.0200 VOL/VOL - 

5 m 4  
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LAYER 8 

BARRIER SOIL LINER 
- - 24.00 INCHES 
- 0.4300 VOL/VOL 

TH I CKN ESS 

- 0.3663 VOL/VOL 
POROSITY 

- 0.2802 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.4300 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 

- 
- 
- 

LAYER 9 -------- 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.3808 VOL/VOL 

TH I CKN ESS 

- 0.1924 VOL/VOL 
POROSITY 

- 0.1043 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.2523 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000026000000 CM/SEC 

- 
- 
- 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.5200 VOL/VOL 

THICKNESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.2794 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

LAYER 11 -------- 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.4170 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 

- 0.0200 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.0454 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC 

- 
- 
- 
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21 

22 
23 

24 

28 

29 
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5S’O 4 
FEMP-OU02-4 DRAFT 
April29, 1994 

LAYER 12 
-------- 

BARRIER S O I L  L I N E R  
- - 60.00 INCHES 
- 0.4300 VOL/VOL 

THICKNESS 

- 0.3663 VOL/VOL 
POROSITY 

- 0.2802 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  S O I L  WATER CONTENT - - 0.4300 VOL/VOL 
WILT ING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 

- 
- 
- 

SCS RUNOFF CURVE NUMBER - - 68.00 
= 1102500. SQ FT 
- 12.00 INCHES 

TOTAL AREA OF COVER 

- 5.4600 INCHES 
EVAPORATIVE ZONE DEPTH 

- 3.4098 INCHES 
UPPER L I M I T  VEG. STORAGE 

I N I T I A L  SNOW WATER CONTENT - - 0.0000 INCHES 
I N I T I A L  VEG. STORAGE 

S O I L  AND WASTE LAYERS - - 58.2148 INCHES 
I N I T I A L  TOTAL WATER STORAGE I N  

- 
- 
- 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL  WITH SYNTHETIC D A I L Y  TEMPERATURES AND 
SOLAR RADIATION FOR C I N C I N N A T I  OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

FER\CRUZFSULGWPD-3. T X ~ p r i l Z O ,  1994 6:4Opm D-3-1- 13 
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PEMP-OU02-4 DRAFT 

PRECIPITATION 
------------- 

TOTALS 

STD. DEVIATIONS 

RUNOFF 
------ 

TOTALS 

STD. DEVIATIONS 

STD. DEVIATIONS 

3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

0.56 1.34 1.71 0.63 1 .78  1.24 
2.04 1.04 2.17 1.37 1.35 1.99 

0.000 0.004 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.001 0.000 0.005 

0.000 0.009 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.002 0.000 0.011 

0.853 1.535 2.424 2.871 2.814 4.791 
3.826 4.116 2.198 1.959 1.683 0.905 

0.188 0.312 0.120 0.265 1.712 1.202 
1.451 0.997 1.704 0.567 0.120 0.179 

LATERAL DRAINAGE FROM LAYER 5 

TOTALS 1.3155 1.4678 1.1784 
0.5178 0.4965 0.6843 

STD. DEVIATIONS 0.6603 1.2556 1.1494 
0.0694 0.0626 0.4737 

PERCOLATION FROM LAYER 6 
......................... 

TOTALS 0.1141 0.1071 0.1175 
0.1024 0.0937 0.0851 

STD. DEVIATIONS 0.0405 0.0405 0.0441 
0.0269 0.0232 0.0273 

0.9902 0.6175 0.5255 
0.4741 0.4245 0.7490 

0.6790 0.1245 0.0628 
0.1049 0.1121 0.7123 

0.1157 0.1173 0.1063 
0.0842 0.0811 0.0921 

0.0333 0.0261 0.0272 
0.0336 0.0341 0.0355 
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33 
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5 5 0 4  
FEMP-OU02-4 DRAFT 
April 29, 1994 

PERCOLATION FROM LAYER 8 ______________----------- 
TOTALS 0.1077 0.0983 0.1082 0.1048 0.1084 0.0978 

0.1012 0.1018 0.0970 0.0983 0.0918 0.1010 

STD. D E V I A T I O N S  0.0025 0.0034 0.0023 0.0024 0.0026 0.0179 
0.0184 0.0169 0.0194 0.0236 0.0257 0.0161 

PERCOLATION FROM LAYER 1 2  
____________------------- 

TOTALS 0.1050 0.0919 0.0998 0.0975 0.1018 0.0994 
0.1035 0.1042 0.1013 0.1050 0.1017 0.1051 

STD. D E V I A T I O N S  0.0016 0.0088 0.0120 0.0100 0.0084 0.0064 
0.0050 0.0036 0.0024 0.0017 0.0013 0.0014 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUNOFF 0.010 ( 0.014) 920. 0.02 

EVAPOTRANSPIRATION 29.974 ( 2.728) 2753890. 73.75 

LATERAL DRAINAGE FROM 9.4411 ( 3.7889) 867399. 23.23 
LAYER 5 

PERCOLATION FROM LAYER 6 1.2163 ( 0.3337) 111743. 2.99 

PERCOLATION FROM LAYER 8 1.2162 ( 0.1433) 111743. 2.99 

PERCOLATION FROM LAYER 12 1.2162 ( 0.0607) 111741. 2.99 

CHANGE I N  WATER STORAGE 0.000 ( 3.907) 34. 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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21 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUNOFF 0.025 2269.9 

LATERAL DRAINAGE FROM LAYER 5 0.5774 53045.4 

PERCOLATION FROM LAYER 6 0.0045 415.1 

HEAD ON LAYER 6 12.2 

PERCOLATION FROM LAYER 8 0.0036 331.4 

HEAD ON LAYER 8 1 .4  

PERCOLATION FROM LAYER 12 0.0034 314.4 

HEAD ON LAYER 12 

SNOW WATER 

0 .4  

1.18 108843.8 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 0.3497 

M I N I M U M  VEG. S O I L  WATER (VOL/VOL) 0.0711 

....................................................................... 
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550 4 
FEMP-OU02-4 DFAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 5.12 0.2440 

3 0.95 0.1581 

4 1.64 0.0454 

5 5.00 0.4170 

0.40 0.4000 6 
7 0.11 0.0564 

8 10.32 0.4300 

9 3.03 0.2523 

10 3.35 0.2794 

11 0.55 0.0454 

12 25.80 0.4300 

SNOW WATER 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .. 
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FEMP-OU02-4 DRAFT 
April 29. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LOW LEVEL RADIOACTIVE WASTE DISPOSAL FACILITY FOR OPERABLE UNIT 2 

BERM WITH VEGETATIVE COVER AND LINER 
INEFFECTIVE HDPE LINER AND GEOCOMPOSITE March 10, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F A I R  GRASS 

LAYER 1 
-------- 

VERTICAL PERCOLATION LAYER 
- - 6.00 INCHES 
- 0.4530 VOL/VOL 

TH I CKN ESS 

- 0.1901 VOL/VOL 
POROSITY 

- 0.0848 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.4530 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.001000000047 CM/SEC 

- 
- 
- 

LAYER 2 

VERTICAL PERCOLATION LAYER 
- - 21.00 INCHES 
- 0.4570 VOL/VOL 
- 0.1309 VOL/VOL 
- 0.0580 VOL/VOL 

0.4570 VOL/VOL 

TH I CKN ESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000500000024 CM/SEC 

- 
- 
- 
- 

VERTICAL PERCOLATION LAYER 
60.00 INCHES - - 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0.4100 VOL/VOL 

- - THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = - 0.000002400000 CM/SEC 

- - 
- - 
- 
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FEMP-OU02-4 DRAm 
April 29. 1994 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.4170 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 

- 0.0200 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.4170 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC 

- 
- 
- 

LAYER 5 

BARRIER SOIL LINER 
- - 60.00 INCHES 
- 0.4300 VOL/VOL 

TH I CKN E SS 

- 0.3663 VOL/VOL 
POROSITY 

- 0.2802 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.4300 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 

- 
- 
- 

LAYER 6 
-------- 

VERTICAL PERCOLATION LAYER 
- - 6.00 INCHES 
- 0.4100 VOL/VOL 

TH I CKN ESS 

- 0.3710 VOL/VOL 
POROSITY 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.3712 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.100000001490 CM/SEC 

- 
- 
- 0.2510 VOL/VOL - 

LAYER 7 

BARRIER SOIL LINER 
= 286.00 INCHES 
- 0.4100 VOL/VOL 

THICKNESS 

- 0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000002400000 CM/SEC 

- 
- 
- 

5 5 0 4  
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FEMP-OU02-4 DRAFT 
April 29, 1994 

LAYER 8 
-------- 

VERTICAL PERCOLATION LAYER 
= 420.00 INCHES 
- 0.3900 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 

- 0.0200 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  SOIL  WATER CONTENT - - 0.0646 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 

SCS RUNOFF 
TOTAL AREA 

CURVE NUMBER - - 68.00 
= 1102500. SQ FT 
- 18.00 INCHES 
- 8.2020 INCHES 

EVAPORATIVE ZONE DEPTH 

- 8.2020 INCHES 
UPPER L I M I T  VEG. STORAGE 

I N I T I A L  SNOW WATER CONTENT - - 0.0000 INCHES 
I N I T I A L  VEG. STORAGE 

SO1 L AND WASTE -LAYERS - - 214.3382 INCHES 
I N I T I A L  TOTAL WATER STORAGE I N  

OF COVER 
- 
- 
- 

SOIL  WATER CONTENT I N I T I A L I Z E D  BY USER. 

CLIMATOLOGICAL DATA 
------------------- 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28 190 32.10 41.80 53.50 . 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 
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5 5 0 4  
FEMP-OU02-4 DRAFT 

. April 29. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS. 74 THROUGH 78 

---_-_____-----_----_c__________________------------------------------- 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44  

45 

46 

47 

48 

49 

50 

PREC I PITAT ION 
------------- 

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

0.56 1.34 1.71 0.63 1.78 1.24 
2.04 1.04 2.17 1.37 1.35 1.99 

STD. DEVIATIONS 

RUNOFF 
------ 

TOTALS 1.004 0.738 1.050 0.391 0.051 0.071 
0.000 0.000 0.001 0.000 0.000 0.318 

0.751 l.649 1.633 0.558 0.114 0.158 
0.001 0.000 0.003 0.000 0.000 0.711 

STD. DEVIATIONS 

0.841 1.511 2.375 2.765 2.913 5.005 
6.763 4.989 2.364 1.932 1.614 0.885 

STD. DEVIATIONS 0.188 
0.793 

0.320 
1.126 

0.150 
1.599 

0.227 
0.477 

1.618 
0.141 

1 .ooo 
0.180 

PERCOLATION FROM LAYER 5 
......................... 

TOTALS 0.2689 
0.2585 

0.2666 
0.2411 

0.2565 
0.2583 

0.2451 
0.2480 

0.2680 
0.2407 

0.2590 
0.2484 

STD. DEVIATIONS 0.0161 
0.0049 

0.0085 
0.0074 

0.0087 
0.0146 

0.0164 
0.0014 

0.0155 
0.0059 

0.0096 
0.0067 

PERCOLATION FROM LAYER 7 

TOTALS 0.2689 
0.2586 

0.2451 
0.2480 

0.2680 
0.2407 

0.2590 
0.2484 

0.2666 
0.2411 

0.2566 
0.2583 

STD. DEVIATIONS 0.0161 
0.0049 

0.0164 
0.0014 

0.0155 
0.0058 

0.0096 
0.0067 

0.0085 
0.0074 

0.0087 
0.0145 

PERCOLATION FROM LAYER 8 

0.2358 
0.2606 

0.2598 
0.2514 

0.2519 
0.2590 

0.2608 
0.2500 

0.2528 
0.2579 

TOTALS 0.2584 
0.2613 

51 
STD.- DEVIATIONS 0.0041 0.0063 0.0046 0.0048 0.0051 0.0051 52 

0.0053 0.0050 0.0045 0.0045 0.0042 0.0042 53 

@CtW?a, 
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FEMP-OUM4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUNOFF 3.624 ( 3.979) 332956. 8.92 

EVAPOTRANSPIRATION 33.959 ( 3.628) 3119962. 83.56 

PERCOLATION FROM LAYER 5 3.0592 ( 0.0929) 281066. 7.53 

PERCOLATION FROM LAYER 7 3.0592 ( 0.0929) 281067. 7.53 

PERCOLATION FROM LAYER 8 3.0597 ( 0.0540) 281 108. 7.53 

CHANGE I N  WATER STORAGE 0.000 ( 4.065). -43. 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

....................................................................... 

P R E C I P I T A T I O N  

RUNOFF 

PERCOLATION FROM LAYER 5 

HEAD ON LAYER 5 

PERCOLATION FROM LAYER 7 

HEAD ON LAYER 7 

PERCOLATION FROM LAYER 8 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. S O I L  WATER (VOL/VOL)  

( INCHES)  (CU. FT.) 

2.40 220500.0 

2.224 204345.6 

0.0090 829.3 

-------- ___- ----- 

99.4 

0.0090 826.7 

0.0 

0.0086 791.5 

1.18 108843.8 

0.4557 

0.0667 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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28 

29 
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31 

32 

33 
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5504  
FEMP-OU02-4 D R A R  
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 24 .60  0 .4100  

4 5 .00  0 . 4 1 7 0  

5 25 .80  0 .4300  

6 2 . 2 3  0 .3712  

7 117 .26  0 .4100  

8 2 7 . 1 3  0 .0646 

SNOW WATER 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
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FEMP-OU02-4 DRAPT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

....................................................................... 

SOUTH FIELD AND I N A C T I V E  FLYASH PILE 
10 TO 12 FEET OF NOT IMPACTED TILL, 8 TO 11 FEET OF SOURCE 

March 2 ,  1994 

....................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F A I R  GRASS 

LAYER 1 
-------- 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.5200 VOL/VOL 

TH I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

LAYER 2 
-------- 

VERTICAL PERCOLATION LAYER 
- - 76.00 INCHES 
- 0.5200 VOL/VOL 

THICKNESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

BARRIER SOIL LINER 
= 161.00 INCHES 
- 0.4100 VOL/VOL 

THICKNESS 

- 0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

SATURATED HY DRAU L I C CONDUCT I V I TY = 

- 
- 
- 

0.000000140000 CM/SEC 
c Gcy23 
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29 
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5504 
FEMP-OU02-4 DRAFT 
April 29, 1994 

LAYER 4 
-------- 

V E R T I C A L  PERCOLATION LAYER 
= 376.00 INCHES . 
- 0.3900 VOL/VOL 

T H  I CKN ESS 

- 0.0454 VOL/VOL 
POROSITY 

- 0.0200 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  S O I L  WATER CONTENT - - 0.0633 VOL/VOL 
W I L T I N G  P O I N T  

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 

SCS RUNOFF CURVE NUMBER - - 68.00 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L I M I T  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT - 
I N I T I A L  TOTAL WATER STORAGE I N  

= 46000. SQ F T  
12.00 INCHES - - 
6.2400 INCHES 
6.2400 INCHES 
0.0000 INCHES 

S O I L  AND WASTE LAYERS - - 135.5708 INCHES 

- - 
- - 
- 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR R A D I A T I O N  FOR C I N C I N N A T I  O H I O  

MAXIMUM L E A F  AREA INDEX = 2.00 
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m ? , 2 q  
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PEMP-OU02-4 DRAFT 
April 29. 1994 

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 
2 ....................................................................... 

P R E C I P I T A T I O N  ------------- 
TOTALS 

STD.  D E V I A T I O N S  

RUNOFF 
------ 

TOTALS 

S T D .  D E V I A T I O N S  

STD.  D E V I A T I O N S  

3.33 
3.54 

0.56 
2.04 

1.813 
0.020 

1.124 
0.045 

0.848 
5.456 

0.186 
1.267 

PERCOLATION FROM LAYER 3 

TOTALS 0.2245 
0.2188 

STD.  D E V I A T I O N S  0.0067 
0.0009 

STD.  D E V I A T I O N S  0.0016 
0.0019 

1.59 3.86 3.11 3.36 4.79 
4.80 2.89 3.33 2.69 3.36 

1.34 1.71 0.63 1.78 1.24 
1.04 2.17 1.37 1.35 1.99 

0.750 1.074 0.381 0.000 0.033 
0.043 0.184 0.027 0.000 1.271 

1.660 1.658 0.535 . 0.000 0.061 
0.097 0.394 0.046 0.000 1.597 

1.533 2.472 2.865 3.168 5.021 
4.290 2.263 1.965 1.663 0.901 

0.308 0.123 0.279 1.635 1.285 
1.226 1.781 0.509 0.155 0.169 

0.2040 0.2235 0.2162 0.2224 0.2143 
0.2167 0.2105' 0.2173 0.2112 0.2225 

0.0071 0.0055 0.0020 0.0019 0.0025 
0.0003 0.0035 0.0034 0.0047 0.0063 

0.2011 0.2212 0.2142 0.2215 0.2143 
0.2211 0.2137 0.2206 0.2133 0.2204 

0.0040 0.0019 0.0020 0.0020 0.0019 
0.0018 0.0016 0.0016 0.0015 0.0016 
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....................................................................... 

47 
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50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS 8. ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 
53 ....................................................................... 
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(INCHES) 
---------------- 

PRECIPITATION 40.64 ( 6.929) 

RUNOFF 5.595 ( 3.786) 

EVAPOTRANSPIRATION 32.445 ( 3.105) 

PERCOLATION FROM LAYER 3 2.6019 ( 0.0297) 

PERCOLATION FROM LAYER 4 2.6036 ( 0.0213) 

CHANGE I N  WATER STORAGE -0.002 ( 3.468) 

5s 
FEMP-OU02-4 DRAFT 
April29, 1994 

(CU. FT.) PERCENT 

155794. 100.00 

21449. 13.77 

124371. 79.83 

9974. 6.40 

9981. 6.41 

-7. 0.00 

----------- - - - - - - - 

....................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION 

RUNOFF 

PERCOLATION FROM LAYER 3 

HEAD ON LAYER 3 

PERCOLATION FROM LAYER 4 

SNOW WATER 

MAXIMUM VEG. SOIL  WATER (VOL/VOL) 

MINIMUM VEG. SOIL  WATER (VOL/VOL) 

(INCHES) (CU. FT.) 

2.40 9200.0 

2.240 8588.5 

0.0074 28.3 

-------- --------- 

88.4 

0.0072 27.7 

1.18 4541.3 

0.5200 

0.1391 

....................................................................... 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

....................................................................... 

2 39.52 0.5200 

3 66.01 0.4100 

4 23.79 0.0633 

SNOW WATER 0 .00  

....................................................................... 

....................................................................... 

.. I 
, I j  

FER\CRU2FSULG\APPD-3 .TXnApril21. 1994 7 : 2 2 m  D-3-1-28 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 



FEMP-OU02-4 D M  
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REMOVE F ILL  EVERYWHERE EXCEPT ON TERRACE (PRG CONFIRMATION) 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 2 March 4, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR GRASS 

LAYER 1 
-------- 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.5200 VOL/VOL 

TH I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

LAYER 2 

VERTICAL PERCOLATION LAYER 
- - 18.00 INCHES 
- 0.5200 VOL/VOL 

TH I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL . 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- .  

BARRIER SOIL LINER 
= 217.00 INCHES 
- 0.4100 VOL/VOL 

THICKNESS 

- 0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC, CONDUCTIVITY = 0.000000140000 CM/SEC 

- 
- 
- 

_. W@g7@j@J 
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FEMP-OUM-4 DRAFT 
April 29. 1994 

LAYER 4 
-------- 

VERTICAL PERCOLATION LAYER 
= 374.00 INCHES 
- 0.3900 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 
F I E L D  CAPACITY 

I N I T I A L  S O I L  WATER CONTENT - - 0.0608 VOL/VOL 
W I L T I N G  POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 0.0200 VOL/VOL - 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L I M I T  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE 

S O I L  AND WASTE LAYERS 

68.00 
= 46000. SQ F T  
- - 12.00 INCHES 
- - 6.2400 INCHES 
- - 6.2400 INCHES 
- - 0.0000 INCHES 

- 127.3092 INCHES 

- - 

I N  
- 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL  WITH SYNTHETIC D A I L Y  TEMPERATURES AND 
SOLAR RADIATION FOR C I N C I N N A T I  OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL.MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 
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29 
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32 

33 
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FEMP-OU02-4 DRAFT 
- April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 
__________-____-_____-__-----------_--_--_-_-__-____-_-_--_-----_-_---- 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
--_____ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  

STD. DEVIATIONS 

RUNOFF 
--_--- 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

STD. DEVIATIONS 

3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

0.56 1.34 1.71 0.63 1.78 1 . 2 4  
2.04 1.04 2.17 ,1..37 1.35 1.99 

1.855 0.767 1.107 0.399 0.000 0.094 
0.020 0.043 0.204 0.026 0.000 1.451 

1.143 1.676 1.692 0.554 0.000 0.159 
0.045 0.097 0.439 0.046 0.000 1.646 

0.848 1.532 2.471 2.864 3.167 4.981 
5.767 4.304 2.278 1.986 1.658 0.900 

0.186 0.308 0.124 0.279 1.634 .1.311 
1.416 1.243 1.805 0.496 0.156 0.169 

PERCOLATION FROM LAYER 3 
----_______---______----- 

TOTALS 0.1654 0.1504 0.1648 0.1594 0.1641 0.1583 
0.1614 0.1596 0.1551 0.1602 0.1559 0.1643 

STD. DEVIATIONS 0.0046 0.0049 0.0035 0.0011 0.0010 0.0014 
0.0007 0.0002 0.0025 0.0022 0.0033 0.0042 

PERCOLATION FROM LAYER 4 _---_-__--_________------ 
TOTALS 0.1627 0.1481 0.1630 0.1578 0.1631 0.1579 

0.1631 0.1630 0.1576 0.1627 0.1573 0.1626 

STD. DEVIATIONS 0.0008 0.0028 0.0010 0.0010 0.0010 0.0010 
0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 

....................................................................... 

a 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 74 THROUGH 78 

(INCHES) (CU. FT.)  PERCENT 
__--___________-____-------------------------------_------------------- 

----_----____-_- _ _ _ _ _ _ _ _ _ _ _  __----- 
PRECIPITATION 4 0 . 6 4  ( 6 . 9 2 9 )  155794. 100 .00  

RUNOFF 5 .967  ( 3 . 8 5 3 )  22872.  1 4 . 6 8  

EVAPOTRANSPIRATION 32 .756  ( 3 . 0 9 2 )  125566. 8 0 . 6 0  

PERCOLATION FROM LAYER 3 1 .9189  ( 0 .0186)  7356.  4 . 7 2  

PERCOLATION FROM LAYER 4 1 .9189  ( 0 . 0 1 1 1 )  7356.  4 . 7 2  

CHANGE I N  WATER STORAGE 0.000 ( 3 . 2 3 8 )  0. 0 .00  

....................................................................... 

....................................................................... 

PRECIPITATION 

RUNOFF 

PERCOLATION FROM LAYER 3 

HEAD ON LAYER 3 

PERCOLATION FROM LAYER 4 

SNOW WATER 

MAXIMUM VEG. SOIL  WATER (VOL/VOL)  

MINIMUM VEG. SOIL  WATER (VOL/VOL) 

(INCHES) (CU. FT.)  

2 . 4 0  9 2 0 0 . 0  
-------- . --------- 

2 .252  8 6 3 4 . 2  

0 .0054  2 0 . 8  

3 0 . 4  

0 .0053  2 0 . 3  

1 . 1 8  4541 .3  

0.5200 

0; 1391 

....................................................................... 
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29 
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6504 
FEMP-OU02-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

F I N A L  WATER STORAGE A T  END OF YEAR 78 

LAYER ( INCHES)  (VOL/VOL) 

1 6.24 0.5200 

2 9.36 0.5200 

3 88.97 0.4100 

4 22.74 0.0608 

SNOW WATER . 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

........................................................................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REMOVE F I L L  EVERYWHERE EXCEPT ON TERRACE (PRG CONFIRMATION) 
SOUTH F I E L D  AND I N A C T I V E  FLYASH P I L E  
ZONE 3 March 4, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F A I R  GRASS 

VERT I CAL 
TH I CKN ESS 
POROSITY 
F I E L D  CAPACITY 
W I L T I N G  P O I N T  
I N I T I A L  S O I L  WATER CONTENT 

LAYER 1 
___----- 

PERCOLATION LAYER 
- - 12.00 INCHES 
- - 0.5200 VOL/VOL 
- - 0.2942 VOL/VOL 
- - 0.1400 VOL/VOL 
- - 0.5200 VOL/VOL 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

_. 
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31 

32 
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FEMP-OU02-4 D W  
April 29, 1994 ' 

LAYER 2 

VERTICAL PERCOLATION LAYER 
- - 78.00 INCHES 
- 0.5200 VOL/VOL 

THICKNESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
.FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

BARRIER SOIL LINER 
= 166.00 INCHES 
- 0.4100 VOL/VOL 

THICKNESS 

- 0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

INITIAL S O I L  WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- 
- 
- 

VERTICAL PERCOLATION LAYER 
= 372.00 INCHES 
- 0.3900 VOL/VOL 

TH I CKN ESS 

- 0.0454 VOL/VOL 
POROSITY 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.0633 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 0.0200 VOL/VOL - 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER - - 68.00 

- 12.00 INCHES 
TOTAL AREA OF COVER 

- 6.2400 INCHES 
EVAPORATIVE ZONE DEPTH 

- 6.2400 INCHES 
UPPER LIMIT VEG. STORAGE 

INITIAL SNOW WATER CONTENT - - 0.0000 INCHES 
INITIAL VEG. STORAGE 

138.4076 INCHES 
INITIAL TOTAL WATER STORAGE I N  

= 46000. SQ FT 
- 
- 
- 

- SOIL AND WASTE LAYERS - 

OOGP++gJ SOIL WATER CONTENT INITIALIZED BY USER. 
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28 

29 

30 

31 

32 

33 
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e *  5 5 0 4  
PEMP-OUO2-4 DRAFT 
April 29, 1994 

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI  OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STD. DEVIATIONS 0.56 1.34 1.71 0.63 1.78 1.24 
2.04 1.04 2.17 1.37 1.35 1.99 

RUNOFF 

TOTALS 1.813 0.750 1.075 0.381 0.000 0.033 
0.020 0.043 0.184 0.027 0.000 1.273 

STD. DEVIATIONS 1.125 1.660 1.658 0.535 0.000 0.061 
0.045 0.097 0.394 0.046 0.000 1.598 

EVAPOTRANSPIRATION 

TOTALS 0.848 1.533 2.472 2.865 3.168 5.021 
5.458 4.290 2.263 1.965 1.663 0.901 

STD. DEVIATIONS -0.186 0.308 - 0.123 - 0.279- 1-.635 1;285 
1.267 1.226 1.781 0.509 0.155 0.169 a -  Oia0,8,, 
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33 
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5 5 0 4  
PEMP-OU02-4 DRAFT 
April 29, 1994 

PERCOLATION FROM LAYER 3 _________________-------- 
TOTALS .0.2239 0.2035 0.2230 0.2157 0.2219 0.2139 

0.2184 0.2164 0.2102 0.2170 0.2109 0.2220 

STD. D E V I A T I O N S  0.0065 0.0070 0.0053 0.0020 0.0018 0.0024 
0.0009 0.0003 0.0034 0.0033 0.0046 0.0061 

PERCOLATION FROM LAYER 4 
________-----_----------- 

TOTALS 0.2205 0.2008 0.2209 0.2139 0.2211 0.2140 
0.2211 0.2208 0.2134 0.2203 0.2130 0.2201 

STD. D E V I A T I O N S  0.0016 0.0040 0.0020 0.0020 0.0020 0.0019 
0.0019 0.0018 0.0016 0.0017 0.0016 0.0016 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

........................................................................ 

RUNOFF 5.598 ( 3.788) 21461. 13.77 

EVAPOTRANSPIRATION 32.447 ( 3.104) 124379. 79.84 

PERCOLATION FROM LAYER 3 2.5968 ( 0.0288) 9955. 6.39 

PERCOLATION FROM LAYER 4 2.5997 ( 0.0216) 9966. 6.40 

CHANGE I N  WATER STORAGE -0.003 ( 3.467) -11. -0.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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21 
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FEMP-OU024 DRAFT 
April 29, 1994 

....................................................................... 

PREC I P I T A T I O N  

RUNOFF 

PERCOLATION FROM LAYER 

HEAD ON LAYER 3 

PERCOLATION FROM LAYER 

SNOW WATER 

2.241 

3 0.0073 

90.4 

4 0.0072 

1.18 

MAXIMUM VEG. S O I L  WATER (VOLIVOL)  0.5200 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 0.1391 

(CU. FT.) 

9200.0 

8589.4 

28.2 

- - - - - - - - - 

27.6 

4541.3 

....................................................................... 

....................................................................... 

2 40.56 0.5200 

3 68.06 0.4100 

4 23.53 0.0633 

SNOW WATER 0 . 0 0  

....................................................................... 

....................................................................... 
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29 
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550’4 
FEMP-OU02-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
REMOVE F ILL  EVERYWHERE EXCEPT ON TERRACE (PRG CONFIRMATION) 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 4 March 4, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.5200 VOL/VOL 

TH I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

LAYER 2 
-------- 

VERTICAL PERCOLATION LAYER 
- - 43.00 INCHES 
- 0.5200 VOL/VOL 

TH I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

1 

2 
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4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
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25 

26 

27 

28 

29 

M 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

BARRIER SOIL LINER 47 

- 0.4100 VOL/VOL 49 

- 0.3710 VOL/VOL 50 

- 0.2510 VOL/VOL 51 

IN IT IAL  SOIL WATER CONTENT - - 0.4100 VOL/VOL 52 

= 209.00 INCHES 48 THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

- 
- 
- 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SE@OGTST. ’ .- 53 
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FEMP-OU02-4 DRAFT 
A p d 2 9 ,  1994 

VERTICAL PERCOLATION LAYER 
= 374.00 INCHES 
- 0.3900 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 

- 0.0200 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  SOIL  WATER CONTENT - - 0.0616 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 

GENERAL SIMULATION DATA 
....................... 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L I M I T  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE 

SOIL  AND WASTE LAYERS 

68.00 
= 46000. SQ FT 
- - 12.00 INCHES 
- - 6.2400 INCHES 
- - 6.2400 INCHES 
- - 0.0000 INCHES 

- 137.3284 INCHES 

- - 

I N  
- 

SOIL  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR C INC INNATI  OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

JAN / J U  L FEB/AUG MAR/ S E P APR/OCT MAY /NOV JUN/DEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 
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28 

29 
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31 

32 

33 
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5 5 0 4  
PEMP-OU02-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 
....................................................................... 

P R E C I P I T A T I O N  
------------- 

TOTALS 

STD. D E V I A T I O N S  

RUNOFF 
------ 

TOTALS 

STD. D E V I A T I O N S  

EVAPOTRANSPIRATION 
------------------ 

TOTALS 

3.33 1.59 3.86 3.11 3.36 
3.54 4.80 2.89 3.33 2.69 

0.56 1.34 1.71 0.63 1.78 
2.04 1.04 2.17 1.37 1.35 

1.841 0.762 1.097 0.393 0.000 
0.020 0.043 0.198 0.026 0.000 

1.136 1.671 1.682 0.548 0.000 
0.045 0.097 0.425 0.046 0.000 

0.848 1.533 2.471 2.865 3.167 
5.710 4.300 2.278 1.987 1.659 

STD. D E V I A T I O N S  0.186 0.308 0.124 0.279 1.634 
1.412 1.238 1.805 0.496 0.157 

PERCOLATION FROM LAYER 3 

TOTALS 0.1837 0.1670 0.1830 0.1770 0.1822 
0.1795 0.1776 0.1726 0.1782 0.1733 

STD. D E V I A T I O N S  0.0049 0.0053 0.0038 0.0013 0.0012 
0.0008 0.0002 0.0026 0.0023 0.0034 

PERCOLATION FROM LAYER 4 

TOTALS 0.1804 0.1643 0.1808 0.1751 0.1810 
0.1810 0.1809 0.1749 0.1806 0.1746 

STD. D E V I A T I O N S  0.0008 0.0031 0.0010 0.0010 0.0010 
0.0010 0.0009 0.0008 0.0008 0.0008 

4.79 
3.36 

1.24 
1.99 

0.048 
1.384 

0.071 
1.631 

4.981 
0 .90.0 

1.311 
0.169 

0.1757 
0.1824 

0.0016 
0.0045 

0.1752 
0.1805 

0.0010 
0.0008 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS & (STD. D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

(CU. F T . )  PERCENT 
....................................................................... 

------- ( INCHES)  ____----________ ----------- 
P R E C I P I T A T I O N  40.64 ( 6.929) 155794. 100.00 

RUNOFF 3 5.813 ( 3.864) 22282. 14.30 

EVAPOTRANSPIRATION 32.697 ( 3.077) 125339. 80.45 

PERCOLATION FROM LAYER 3 2.1323 ( 0.0202) 8174. 5.25 

PERCOLATION FROM LAYER 4 2.1292 ( 0.0115) 8162. 5.24 

CHANGE I N  WATER STORAGE 0.003 ( 3.310) 12. 0.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P R E C I P I T A T I O N  

RUNOFF 

PERCOLATION FROM LAYER 3 

HEAD ON LAYER 3 

PERCOLATION FROM LAYER 4 

SNOW WATER 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 

2.40 

2.252 

0.0060 

55.4 

0.0059 

1.18 

0.5200 

0.1391 

9200.0 

8632.0 

23.1 

22.5 

4541.3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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29 
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32 

33 
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5 5 0 4  
FEMP-OU02-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 22 .'36 0.5200 

3 85.69 0.4100 

4 23.05 0.0616 

SNOW WATER 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU024 D Y F T  
April 29, 1994 

....................................................................... 

....................................................................... 

REMOVE FILL TO 60 P C I / G  ABOVE TERRACE AND 5 P C I / G  ELSEWHERE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 2 March 1. 1994 

. 

. ...................................................................... 

....................................................................... 

FAIR GRASS 

LAYER 1 
- - - - - - -  - 

3 

4 

5 

6 

7 

8 

, 9  
10 

11 

12 

13 

14 

15 

16 

17 

18 

1 19 

20 

21 

22 
23 

24 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.3970 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- - 

LAYER 2 
- - - - - - - -  

VERTICAL PERCOLATION LAYER 
26.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.3435 VOL/VOL 
0.000199999995 CM/SEC 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HY D RAUL I C  CON DUCT I V I TY 

- - 
- - 
- - 
= 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 
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5 5 0 4  
FEMP-OU02-4 DRAFT 
April 29, 1994 

VERTICAL PERCOLATION LAYER 
= 264.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 VOL/VOL 

0.0200 'VOL/VOL 
- - 0.0800 VOL/VOL 

THICKNESS 
POROSITY 
F I E L D  CAPACITY 
WILTING POINT 
I N I T I A L  S O I L  WATER CONTENT 
SATURATED HYDRAULIC CONDUCT1 VITY = 0.015900000930 CM/SEC 

- - 

GENERAL SIMULATION DATA 

68.00 

12 .00  INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE I N  

S O I L  AND WASTE LAYERS 

= 46000. SQ FT 

- - 6.2400 INCHES 
4.7640 INCHES 

- - 0.0000 INCHES 

- - 34.8150 INCHES 

- - 

- - 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

CLIMATOLOGICAL DATA 
- - - - - - - - - - - - - - - - - - -  

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR C I NC I N NAT I OHIO 

MAXIMUM LEAF AREA INDEX = 2 .00  
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

. .  

. ...................................................................... a 
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FEMP-OU024 DRAFT 
April 29, 1994 

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 

P R EC I P I TAT I ON 
- - - - - - - - - - - - -  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
- - - - - -  

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 
- - - - - - - - - - - - - - - - - -  

TOTALS 

STD. DEVIATIONS 

JAN / J UL 
- - - - - - -  

3.33 
3.54 

0.56 
2.04 

0.000 
0.022 

0.000 
0.048 

0.848 
4.073 

0.189 
1.402 

PERCOLATION FROM LAYER 3 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.8352 
0.6842 

STD. DEVIATIONS 0.3779 
0.2926 

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

1.59 
4.80 

1.34 
1.04 

0.020 
0.043 

0.044 
0.096 

1.534 
4.272 

0.311 
1 .207  

1.0329 
0.5754 

0.4749 
0.1962 

3.86 
2.89 

1.71 
2.17 

0 . 0 0 0  
0 .008  

0.000 
0.014 

2.470 
2.250 

0.129 
1.767 

1.2453 
0.5131 

0.7002 
0.1774 

3.11 
3.33 

0.63 
1.37 

0.019 
0.027 

0.042 
0.046 

2.879 
1.983 

0.331 
0.526 

1.2758 
0.5287 

0.9397 
0.2619 

3.36 
2.69 

1.78 
1.35 

0.000 
0.000 

0.000 
0.000 

3.165 
1.672 

1.635 
0.138 

1.0715 
0.4737 

0.6703 
0.2075 

- - - - - - - 

4.79 
3.36 

1.24 
1.99 

0 .027  
0.016 

0.061 
0.036 

4.809 
0.893 

1.381 
0 . 1 7 0  

0.8111 
0.5658 

0.4254 
0.2471 

....................................................................... 

....................................................................... 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS)  FOR YEARS 74 THROUGH 78 

- - _ - _ - _ _ - - - - - - - -  - - - - - - - - - - _  - - - - - - - 
P R EC I P I TAT I ON 40.64 ( 6.929) 155794. 100 .00  
RUNOFF 0.181 ( 0.096) 694. 0.45 
EVAPOTRANSPIRATION 30.847 ( 2.970) 118245. 75.90 

.PERCOLATION FROM LAYER 3 9.6130 ( 4.3239) 36850. 23.65 
CHANGE I N  WATER STORAGE 0 . 0 0 1  ( 4.506) 5 .  0 . 0 0  

....................................................................... 
CG(J73.G 

, <  
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$ 5 0 4  ! 
FEMP-OU02-4 DRAFT 
April29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PREC I P I T A T  I O N  2.40 9200.0 

RUNOFF 0.214 819.0 

PERCOLATION FROM LAYER 3 0.1001 383.7 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 0.4810 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 0.1391 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F I N A L  WATER STORAGE A T  END OF YEAR 78 

LAYER ( INCHES)  ( VOL /VOL ) 

1 4.76 0.3970 

2 8.93 0.3435 

3 21.13 0.0800 

SNOW WATER 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~\CRUZFSvLG\ApFD-3.Tx?\AprilZO. 1994 6:40pm 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

31 

38 

39 

40 

41 

42 

43 

44 

45 



FEMP-OU02-4 DRAFT 
April29, 1994 
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....................................................................... 

....................................................................... 

REMOVE FILL TO 60 P C I / G  ABOVE TERRACE AND 5 P C I / G  ELSEWHERE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 3 March 1, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F A I R  GRASS 

LAYER 1 
-------- 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.5200 VOL/VOL 

THICKNESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.3970 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

LAYER 2 
-------- 

VERTICAL PERCOLATION LAYER 
= 175.00 INCHES 

0.5200 VOL/VOL 
THICKNESS 

- 0.2942 VOL/VOL 
POROSITY 

0.1400 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.3367 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- 
- - 
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FEMP-OU02-4 D J504 
April 29, 1994 

LAYER 3 1 

V E R T I C A L  PERCOLATION LAYER 
= 228.00 INCHES 

0.3900 VOL/VOL 
0.0454 VOL/VOL 

0.0734 VOL/VOL 

- - 
THICKNESS 
POROSITY 
F I E L D  CAPACITY 
W I L T I N G  P O I N T  
I N I T I A L  S O I L  WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- - 
0.0200 VOL/VOL - - 

- 

SCS RUNOFF CURVE NUMBER - - 68.00 
TOTAL AREA OF COVER 

6.2400 INCHES 
EVAPORATIVE ZONE DEPTH 

4.7640 INCHES 
UPPER L I M I T  VEG. STORAGE 

I N I T I A L  SNOW WATER CONTENT - - 0.0000 INCHES 
I N I T I A L  VEG. STORAGE 

S O I L  AND WASTE LAYERS - - 80.4217 INCHES 
I N I T I A L  TOTAL WATER STORAGE I N  

= 46000. SQ FT 
- 12.00 INCHES - 
- - 
- - 

a S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT R A I N F A L L  W I T H  SYNTHETIC D A I L Y  TEMPERATURES AND 
SOLAR R A D I A T I O N  FOR C I N C I N N A T I  O H I O  

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 
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42 

35 

36 

31 
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43 
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28.90 ‘3.2.10 41.80 53.50 63.00 71.40 47 

75.40 74.10 67.50 55.30 43.40 33.80 48 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 

PREC I P I T A T  ION 
- - - - - - - - - - - - -  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
_ - - - - -  

TOTALS 

STD. DEVIATIONS 

STD. DEVIATIONS 

JAN / J UL 
- - - - - - -  

3.33 
3.54 

0.56 
2.04 

0 . 0 0 0  
0 .022  

0 . 0 0 0  
0.048 

0.848 
4.073 

0.189 
1.402 

1.59 3.86 3.11 3.36 
4.80 2.89 3.33 2.69 

1.34 1 . 7 1  0.63 1.78 
1.04 2 .17  1.37 1.35 

0.020 0.000 0.019 0 .000  
0.043 0 .008  0.027 0 .000  

0.044 0 .000  0.042 0.000 
0.096 0.014 0.046 0 .000  

1.534 2.470 2.879 3.165 
4.272 2.250 1.984 1.672 

0.311 ' 0.128 0.332 1.635 
1.207 1.767 0.527 0.138 

JUN/DEC 
- - - - - - -  

4.79 
3.36 

1.24 
1.99 

0.027 
0.016 

0.061 
0.036 

4.809 
0.892 

1.381 
0 .170  

PERCOLATION FROM LAYER 3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - -  

TOTALS 0.6821 0.7043 0.8792 0.9673 1.0362 0.9456 
0.8909 0.8049 0.7156 0.7010 0.6432 0.6438 

STD. DEVIATIONS 0.2027 0.2250 0.3254 0.4649 0.5470 0.4802 
0.4131 0.3318 0.2646 0.2509 . 0.2215 0.2043 

....................................................................... 

....................................................................... 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 74 THROUGH 78 

(CU. FT. 1 PERCENT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - - - - - - - - _ -  - - - - - - - 
( INCHES I 

- - - - - - _ - - - - - - - - -  
PREC I P I TAT I ON 40.64 ( 6.929) 155794. 100.00  
RUNOFF 0.181 ( 0.096) 694. 0.45 
EVAPOTRANSPIRATION 30.847 ( 2.971) 118247. 75.90 
PERCOLATION FROM LAYER 3 9.6141 ( 3.7773) 36854. 23.66 
CHANGE I N  WATER STORAGE 0.000 ( 4.878) -1. 0 . 0 0  

....................................................................... 
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5 5 0 4  
FEMP-OU02-4 DRAFT 
April 29, 1994 

- ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUNOFF 0.214 819.0 

PERCOLATION FROM LAYER 3 0.0604 231.4 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4811 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1391 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FER\CRUZFS'SuLGWPD-3.TXTUprilZO. 1994 6:40pm D-3-1-50 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 58.92 0.3367 

3 16.74 0.0734 

SNOW WATER 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-4 DRAFT 
April 29, 1994 I : .  

....................................................................... 

....................................................................... 

REMOVE FILL TO 60 P C I / G  ABOVE TERRACE AND 5 P C I / G  ELSEWHERE 
SOUTH FIELD/INACTIVE FLYASH PILE 
ZONE 4 March 1. 1994 

....................................................................... 

....................................................................... 

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0.4100 VOL/VOL 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCT1 V ITY = 0.000199999995 CM/SEC 

- - 
- - 
- - 

LAYER 2 

BARRIER SOIL LINER 
25.00 INCHES - - 

0.4100 VOL/VOL 
0.3710 VOL/VOL 

- - 0.2510 VOL/VOL 
- - 0.4100 VOL/VOL 

- - THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 
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21 
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33 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

VERTICAL PERCOLATION LAYER 
= 341.00 INCHES 

0.3900 VOL/VOL 
- - 0.0454 VOLIVOL 
- - 0.0200 VOL/VOL 
- - 0.0572 VOL/VOL 

- - THICKNESS 
POROSITY 
F I E L D  CAPACITY 
WILTING POINT 

. I N I T I A L  S O I L  WATER CONTENT 
SATURATED HYDRAULIC CONDUCT1 V ITY = 0.015900000930 CM/SEC 

GENERAL. SIMULATION DATA 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - -  

. 68.00 
= 77900. SQ FT 
- - 12.00  INCHES 
- - 4.9200 INCHES 
- - 4.9200 INCHES 
- - 0.0000 INCHES 

- - 34.6752 INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L IMIT  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE I N  

S O I L  AND WASTE LAYERS 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

2 -  
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18 

19 

20 

21 

22 
23 

24 

25 

CLIMATOLOGICAL DATA 
_ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ -  

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR C I N C I N N AT I OHIO 

MAXIMUM LEAF AREA INDEX = ,2 .00  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 
MAY / NOV JUN/DEC 

- - - - - - - - - - - - - - 
APR/OCT 
- - - - - - -  

MAR/SEP 
- - - - - - - 

F E B I  AUG 
- - _ - - - -  

JAN/JUL 
- - - - - - - 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 
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FEMP-OUOZ4 DRA 550 4 
April 29, 1994 

....................................................................... 
AVERAGE MONTHLY VALUES I N  .INCHES FOR YEARS 74 THROUGH. 78 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - - _ - - - _ _ - _ - _ _ _ _ _ - - _ _ _ - _ _ - - _ _ _ _ - - - _ - _ _ _ _ - - - _ _ - - -  
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
_ _ _ - _ - _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  

P R EC I P I TAT I ON 
_ _ _ _ _ - - _ _ - - - -  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 -1.24 
2.04 1.04 2.17 1.37 1.35 1.99 

RUNOFF 
- _ _ _ - -  

TOTALS 1.875 0.750 1.254 0.656 0 . 0 0 0  0.481 
0 .121  0.701 0.553 0.584 0.362 2.354 

STD. DEVIATIONS 1 . 0 0 1  1.660 1.570 0.651 0 . 0 0 0  0.683 
0.166 0.614 1.137 0.879 0.256 1.662 

EVAPOTRANS P I RAT I ON 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  

TOTALS 0.857 1.551 2.466 2.823 2.960 4.617 
3.758 3.898 2 .200  1.900 1.732 0.913 

STD. DEVIATIONS 0.187 0.306 0.132 0.300 1.680 1.148 
1.313 0.869 1.728 0.536 0.142 0.183 

PERCOLATION FROM LAYER 2 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  

TOTALS 0.2021 0.1747 0 .  i588 0.0779 0.0447 0.0749 
0.0344 0.0448 0.0488 0.0816 0.1633 0.1697 

STD. DEVIATIONS 0.0241 0.0153 0.0737 0.0370 0.0533 0.0246 
0.0224 0.0205 0.0679 0.0511 0.0284 0.0949 . 

PERCOLATION FROM LAYER 3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 0.1084 0.1023 0.1148 0.1118 0.1130 0.1069 
0.1084 0.1052 0.0996 0.1010 0.0992 0.1052 

STD. DEVIATIONS 0.0099 0.0106 0.0109 0.0106 0.0100 0.0094 
0.0087 0.0082 0.0081 0.0092 0.0089 0.0090 ....................................................................... 
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FEMP-OU024 DRAFT 
April 29, 1994 

....................................................................... 

RUNOFF 9.692 ( 4.146) 62917. 23.85 

EVAPOTRANSPIRATION 29.674 ( 2.752) 192636. 73.01 

PERCOLATION FROM LAYER 2 1.2758 ( 0.2798) 8282. 3.14 

PERCOLATION FROM LAYER 3 1.2756 ( 0.1053) 8281. 3.14 

CHANGE I N  WATER STORAGE 0.000 ( 1.207)  1. 0 . 0 0  
....................................................................... 

....................................................................... 

3 

4 

5 

6 

7 

8 

9 

IO 

I I  
12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

PREC I P I TAT I ON 

RUNOFF 

PERCOLATION FROM LAYER 

HEAD ON LAYER 2 

PERCOLATION FROM LAYER 

SNOW WATER 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 

(CU. FT.)  
- - - - - - - - - 

( INCHES 
- - - - - - - - 

2.40 15580.0 

2.244 14569.5 

0.0071 46.0 

13.0 

0.0042 27.3 

1.18 7690.6 

0.4100 

0.2449 
....................................................................... 
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FEMP-OU02-4 D M  
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F I N A L  WATER STORAGE A T  END OF YEAR 78 
________________-___------------------------------------------- 

( INCHES)  ( VOL/VOL ) -_------- LAYER 
----- -----__- 

1 4.92 0.4100 

2 10.25 0.4100 

3 19.51 0.0572' 

SNOW WATER 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REMOVE F I L L  TO 60 P C I / G  ABOVE TERRACE AND 5 P C I / G  ELSEWHERE 
SOUTH F I E L D  AND I N A C T I V E  FLYASH P I L E  
ZONE 5 M a r c h  1, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F A I R  GRASS 

LAYER 1 

V E R T I C A L  PERCOLATION LAYER 
- - 12.00 INCHES T H  I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  S O I L  WATER CONTENT - - 0.5200 VOL/VOL 
W I L T I N G  P O I N T  

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 0.5200 VOL/VOL - 
- 
- 
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29 
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31 
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FEMP-OU02-4 D m  
April 29, 1994 

LAYER 2 -------- 

VERTICAL PERCOLATION LAYER 
- - 59.00 INCHES 
- 0.5200 VOL/VOL 

TH I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

LAYER 3 -------- 

BARRIER SOIL LINER 
- - 54.00 INCHES 
- 0.4100 VOL/VOL 

THICKNESS 

- 0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- 
. -  

- 

VERTICAL PERCOLATION LAYER 
= 347.00 INCHES 
- 0.3900 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.0664 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 0.0200 VOL/VOL - 

GENERAL SIMULATION DATA 
....................... 

SCS RUNOFF CURVE NUMBER - - 68.00 

- 12.00 INCHES 
TOTAL AREA OF COVER 

- 6.2400 INCHES 
EVAPORATIVE ZONE DEPTH 

- 6.2400 INCHES 
UPPER LIMIT VEG. STORAGE 

INITIAL SNOW WATER CONTENT - - 0.0000 INCHES 
INITIAL VEG. STORAGE 

SOIL AND WASTE LAYERS - - 82.1008 INCHES 
INITIAL TOTAL WATER STORAGE I N  

. -  - 46000. SQ FT 
- 
- 
- 

SOIL WATER CONTENT INITIALIZED BY USER. 
_. 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 - 

75.40 74.10 67.50 55.30 43.40 33.80 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

- S T D .  DEVIATIONS 

3.33 
3.54 

0.56 
2.04 

1.715 
0.021 

1.076 
0.047 

0.849 
4.967 

0.186 
1.178 

1.59 3.86 3.11 3.36 
4.80 2.89 3.33 2.69 

1.34 1.71 0.63 1.78 
1.04 2.17 1.37 1.35 

0.727 1.017 0.345 0.000 
0.043 0.149 0.027 0.000 

1.625 1.597 0.493 0.000 
0.097 0.317 0.046 0.000 

1.535 2.473 2.866 3.168 
4.268 2.262 1.971 1.670 

0.307 0.123 0.279 1.636 
1.201 1.782 0.512 0.153 

0.2982 0.3248 0.3135 0.3208 

4.79 
3.36 

1.24 
1.99 

0.028 
0.900 

0.062 
1 .5-16 

5.009 
0.901 

1.306 
0.173 

0.3072 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

0.3104 0.3055 0.2975 0.3059 0.2977 0.3207 

STD.  D E V I A T I O N S  0.0233 0.0211 0.0198 0.0097 0.0080 0.0095 
0.0024 0.0011 0.0110 0.0110 0.0149 0.0212 

PERCOLATION FROM LAYER 4 
......................... 

TOTALS 0.3154 0.2882 0.3176 0.3080 0.3187 0.3085 
0.3183 0.3172 0.3060 0.3152 0.3043 0.3143 

STD.  D E V I A T I O N S  0.0067 0.0092 0.0083 0.0086 0.0088 0.0084 
0.0084 0.0076 0.0068 0.0068 0.0064 0.0067 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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550 4 
FEMP-OU02-4 DRAFT 
April 29. 1994 

RUNOFF 4.972 ( 3.571) 19058. 12.23 

EVAPOTRANSPIRATION 31.939 ( 3.309) 122431. 78.59 

PERCOLATION FROM LAYER 3 3.7318 ( 0.1118) 14305. 9.18 

PERCOLATION FROM LAYER 4 3.7317 ( 0.0878) 14305. 9.18 

CHANGE IN WATER STORAGE 0.000 ( 3.826) 0 .  0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUNOFF 2.200 8434.5 

PERCOLATION FROM LAYER 3 0.0111 42.4 

HEAD ON LAYER 3 71.6 

PERCOLATION FROM LAYER 4 0.0106 40.6 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 0.5200 

. MINIMUM VEG. S O I L  WATER (VOL/VOL) 0.1391 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU024 DRAFT 
April 29. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

30.68 0.5200 

22.14 0.4100 

23.04 0.0664 

SNOW WATER 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

....................................................................... 
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5 5 0 4  
FEMP-OU02-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REMOVE F ILL  TO 60 P C I / G  ABOVE TERRACE, 16 .TO 18 FEET OF NOT IMPACTED T ILL  
SOUTH FIELD/INACTIVE FLYASH PILE 
ZONE 6 March 1, 1994 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

FAIR GRASS 

LAYER 1 
-------- 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.4100 VOL/VOL 

THICKNESS 

- 0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

- 
- 
- 

SATURATED HYDRAULIC CONDUCTIVITY = .0.000199999995 CM/SEC 

LAYER- 2 
-------- 

BARRIER SOIL LINER 
= 223.00 INCHES 
- 0.4100 VOL/VOL 

THICKNESS 

- 0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- 
- 
- 
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FEMP-OU02-4 DRAFT 
April29, 1994 

LAYER 3 
-------- 

VERTICAL PERCOLATION LAYER 
= 379.00 INCHES 
- 0.3900 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 

- 0.0200 VOL/VOL 
F IELD CAPACITY 

I N I T I A L  SOIL  WATER CONTENT - - 0.0559 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 

GENERAL SIMULATION DATA 
....................... 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L I M I T  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE 

SOIL  AND WASTE LAYERS 

- - 68.00 
= 77900. SQ FT 
- - 12.00 INCHES 
- - 4.9200 INCHES 
- - 4.9200 I N C H E S .  
- - 0.0000 INCHES 

- 117.5361 INCHES 
I N  

- 

SOIL  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

JAN/JUL FEB/AUG MAR/ S E P APR/OCT MAY /NOV JUN/DEC 

28.90 -32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 
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33 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 1 

2 

STD.  D E V I A T I O N S  

RUNOFF 
------ 

TOTALS 

STD. D E V I A T I O N S  

EVAPOTRANSPIRATION 
------------------ 

TOTALS 

STD.  D E V I A T I O N S  

3.33 
3.54 

0.56 
2.04 

1.925 
0.121 

0.997 
0.166 

0.857 
3.766 

0.187 
1.316 

PERCOLATION FROM LAYER 2 

STD. D E V I A T I O N S  0.0136 
0.0192 

PERCOLATION FROM LAYER 3 

TOTALS 0.0876 
0.0884 

STD. D E V I A T I O N S  0.0057 

1.59 3.86 3.11.  3.36 4.79 
4.80 2.89 3.33 2.69 3.36 

1.34 1.71 Oi63 1 .78  1.24 
1.04 2.17 1.37 1 .35  1.99 

0.766 1.293 0.670 0.000 0.483 
0.702 0.557 0.587 0.398 2.399 

1.676 1.593 0.664 0.000 0.687 
0.615 1.146 0.879 0.266 1.682 

1.552 2.467 2.828 2.958 4.625 
3.902 2.202 1.903 1.731 0.913 

0.305 0.131 0.297 1.674 1.157 
0.871 1.732 0.542 0.142 0.183 

0.1390 0.1477 0.0645 0.0393 0.0653 
0.0386 0.0408 0.0675 0.1332 0.1240 

0.0031 0.0113 0.0262 0.0483 0.0241 
0.0180 0.0567 0.0406 0.0217 0.0693 

0.0816 0.0916 0.0894 0.0909 0.0866 
0.0864 0.0823 0.0838 0.0820 0.0861 

0.0063 0.0057 0.0055 0.0051 0.0050 
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....................................................................... .. 

a . . .  
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FEMP-OU02-4 DRAFT 
April29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE ANNUAL TOTALS & (STD. D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

( INCHES)  (CU. FT.) PERCENT 
....................................................................... 

---------------- ____-___--- ------- 
P R E C I P I T A T I O N  40.64 ( 6.929) 263834. 100.00 

24.36 RUNOFF 9.900 ( 4.208) 64267. 
EVAPOTRANSPIRATION 29.704 ( 2.760) 192826. 73.09 
PERCOLATION FROM LAYER 2 1.0385 (.0.2089) 6742. 2.56 
PERCOLATION FROM LAYER 3 1.0366 ( 0.0578) 6729. 2.55 
CHANGE I N  WATER STORAGE 0.002 ( 1.142) 13. 0.00 

....................................................................... 

P R E C I P I T A T I O N  

RUNOFF 

PERCOLATION FROM LAYER 2 

HEAD ON LAYER 2 

PERCOLATION FROM LAYER 3 

SNOW WATER 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 

( INCHES)  (CU. FT.) 

2.40 15580.0 

2.253 14624.5 

0.0050 32.6 

__------ --------- 

12.9 

0.0033 21.1 

1.18 7690.6 

0.4100 

0.2450 

....................................................................... 

2 91.43 0.4100 

3 21.20 0.0559 

SNOW WAT E R 0.00 

*** * ................................................................. /.,/,/u c L ................................................................. 
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FEMP-OU02-4 D A 5 0 4  
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REMOVE F I L L  TO 60 P C I / G  ABOVE TERRACE AND 5 P C I / G  ELSEWHERE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 5 March 1, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.5200 VOL/VOL 

TH I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

LAYER 2 

VERTICAL PERCOLATION LAYER 
- - 8.00 INCHES 
- 0.5200 VOL/VOL 

TH I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

F E R \ C R U Z F S U L G W P D - 3 . ~ p r i l 2 1 .  1994 8:21~11 D-3-1-66 
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LAYER 3 

FEMP-OU02-4 DRAPT 
April 29, 1994 

BARRIER SOIL LINER 
= 114.00 INCHES 
- 0.4100 VOL/VOL 

THICKNESS 

- 0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- 
- 
- 

LAYER 4 

VERTICAL PERCOLATION LAYER 4 

= 361.00 INCHES 
- 0.3900 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.0608 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 0.0200 VOL/VOL - 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
IN IT IAL  VEG. STORAGE 
IN IT IAL  SNOW WATER CONTENT 
IN IT IAL  TOTAL WATER STORAGE 

SOIL AND WASTE LAYERS 

68.00 
= 46000. SQ FT 
- - 12.00 INCHES 
- - 6.2400 INCHES 
- - 6.2400 INCHES 
- - 0.0000 INCHES 

- 79.0888 INCHES 

- - 

I N  
- 

SOIL WATER CONTENT INITIALIZED BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON (JULIAN DATE) = 133 
END OF GROWING SEASON (JULIAN DATE) = 300 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

41 

48 

49 

so 
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3504  
FEMP-OU02-4 DFWFT 
April29. 1994 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
/ 
19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

do 

41 

42 

43 

44  

45 

46 

41 

48 

49 

50 

51 

52 

53 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

MAY /NOV JUN/DEC 
----_-- - - - - - - - MAR/ S E P 

- - - - - - - 

41.80 
67.50 

********** 

APR/OCT 
- - - - - - - 

53.50 
55.30 

63.00 71.40 
43.40 33.80 

28.90 32.10 
75.40 74.10 

....................... 

AVERAGE MONTHLY VALUES I N  INCHES 

PRECIP ITATION 
_------------ 

TOTALS 3.33 
3.54 

1.59 3.86 3.11 
4.80 2.89 3.33 

3.36 4.79 
2.69 3.36 

STD. DEVIATIONS 0.56 
2.04 

1.34 1.71 0.63 
1.04 2.17 1.37 

1.78 1.24 
1.35 1.99 

RUNOFF _ _ _ _ _ -  
TOTALS 0.766 1.104 0.397 

0.043 0.204 0.026 
0.000 0.097 
0.000 1.452 

1.851 
0.020 

1.674 1.689 0.552 
0.097 0.439 0.046 

0.000 0.168 
0.000 1.642 

STD. DEVIATIONS 1.141 
0.045 

EVAPOTRANSPIRATION 
_________--------- 

TOTALS 0.848 
5.761 

1.533 2.471 2.865 
4.304 2.278 1.986 

3.167 4.981 
1.658 0.900 

STD. DEVIATIONS 0.186 
1.416 

0.308 0.124 0.279 
1.243 1.805 0.496 

1.633 1.311 
0.157 0.169 

PERCOLATION FROM LAYER 3 

TOTALS 0.1689 
0.1609 

0.1532 0.1675 0.1619 
0.1574 0.1537 0.1586 

0.1660 0.1596 
0.1552 0.1664 

STD. DEVIATIONS 0.0087 
0.0013 

0.0078 0.0065 0.0020 
0.0004 0.0048 0.0041 

0.0019 0.0026 
0.0062 0.0080 

PERCOLATION FROM LAYER 4 

0.1487 0.1637 0.1586 
0.1638 0.1582 0.1632 

0.1641 0.1588 
0.1577 0.1630 

TOTALS 0.1632 
0.1641 

. .  
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FEMP-OU02-4 DRAFT 
April29, 1994 

STD. D E V I A T I O N S  0.0015 0.0033 0.0018 0.0019 0.0019 0.0018 
0.0018 0.0017 0.0015 0.0015 0.0014 0.0015 

....................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EVAPOTRANSPIRATION 32.751 ( 3.090) 125546. 80.58 

PERCOLATION FROM LAYER 3 1.9293 ( 0.0359) 7396. 4.75 

PERCOLATION FROM LAYER 4 1.9272 ( 0.0198) 7388. 4.74 

CHANGE I N  WATER STORAGE 0.002 ( 3.228) 8. 0.01 

....................................................................... 

....................................................................... 

P R E C I P I T A T I O N  

RUNOFF 

PERCOLATION FROM LAYER 3 

HEAD ON LAYER 3 

PERCOLATION FROM LAYER 4 

SNOW WATER 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 
6G0618 

( INCHES)  (CU. F T . )  

2.40 9200.0 

2.252 8633.5 

0.0056 21.5 

__------ --------- 

20.4 

0.0054 20.6 

1.18 4541.3 

0.5200 

0.1391 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

ii 28 

29 

30 

31 

32 

33 

34 

35 

36 

31 

38 

39 

40 

41 

42 

43 

44 

45 

46 

41 

48 

49 

50 
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PEMP-OU02-4 D R A R  
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 4.16 0.5200 

.3  46.74 0.4100 

4 21.96 0.0608 

SNOW WATER 0 .00  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-4 DRAPT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REMOVE FILL TO 60 P C I / G  ABOVE TERRACE AND 5 P C I / G  ELSEWHERE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 5 March 1, 1994 

....................................................................... 

....................................................................... 

F A I R  GRASS 

LAYER 1 
-------- 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.5200 VOL/VOL 

TH I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

LAYER 2 
-------- 

VERTICAL PERCOLATION LAYER 
- - 8.00 INCHES 
- 0.5200 VOL/VOL 

TH I CKN ESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 

- 
- 
- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

CM/SEC 39 

40 

41 

42 

43 

44 

45 

BARRIER SOIL LINER 
= 114.00 INCHES 

0.4100 VOL/VOL 
0.3710 VOL/VOL 

- 0.2510 VOL/VOL 
0.4100 VOL/VOL 

- - THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 
- 
- (joO628 INITIAL SOIL WATER CONTENT - 

46 

47 

48 

49 

50 

. . .  
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5504 
PEMP-OU02-4 DRAFT 
April 29, 1994 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

VERTICAL PERCOLATION LAYER 
= 361.00 INCHES 
- 0.3900 VOL/VOL 
- 0.0454 VOL/VOL 

, I N I T I A L  SOIL  WATER CONTENT - - 0.0608 VOL/VOL 

THICKNESS 
POROSITY 
F I E L D  CAPACITY 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 0.0200 VOL/VOL - 

SCS RUNOFF CURVE NUMBER - - 68.00 
= 46000. SQ FT 
- 12.00 INCHES 

TOTAL AREA OF COVER 

- 6.2400 INCHES 
EVAPORATIVE ZONE DEPTH 

- 6.2400 INCHES 
UPPER L I M I T  VEG. STORAGE 

I N I T I A L  SNOW WATER CONTENT - - 0.0000 INCHES 
I N I T I A L  VEG. STORAGE 

SOIL  AND WASTE LAYERS - - 79.0888 INCHES 
I N I T I A L  TOTAL WATER STORAGE I N  

- 
- 
- 

SOIL  WATER CONTENT I N I T I A L I Z E D  BY USER. 
a 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON (JUL IAN DATE) = 133 

GROWING SEASON (JUL IAN DATE) = 300 END OF 

28.90 
75.40 a 

42 

43 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 44 

45 

MAR/SEP APR/OCT MAY /NOV JUN/DEC 46 

47 

48 

------- FEB/AUG ------- ------- ------- ------- 

32.10 41.80 53.50 63.00 71.40 49 

74.10 67.50 55.30 43.40 33.80 50 

51 

I 52 

53 
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PEMP-OU02-4 DRAFT 
April 29. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 
2 

3 

_____________________----_-_-__--_---_----_--_--_------_------__---_--- 4 

STD. DEVIATIONS 

RUNOFF 
_---__ 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION ___--___________-- 
TOTALS 

STD. DEVIATIONS 

3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

0.56 1.34 1.71 0.63 1.78 1.24 
2.04 1.04 2.17 1.37 1.35 1.99 

1.851 0.766 . 1.104 0.397 0.000 0.097 
0.020 0.043 0.204 0.026 0.000 1.452 

1.141 1.674 1.689 0.552 0.000 0.168 
0.045 0.097 0.439 0.046 0.000 1.642 

0.848 1.533 2.471 2.865 3.167 4.981 
5.761 4.304 2.278 1.986 1.658 0.900 

0.186 0.308 0.124 0.279 1.633 1.311 
1.416 1.243 1.805 0.496 0.157 0.169 

PERCOLATION FROM LAYER 3 
----__--___------__------ 

TOTALS 0.1689 0.1532 0.1675 0.1619 0.1660 0.1596 
0.1609 0.1574 0.1537 0.1586 0.1552 0.1664 

STD. DEVIATIONS 0.0087 0.0078 '0.0065 0.0020 0.0019 0.0026 
0.0013 0.0004 0.0048 0.0041 0.0062 0.0080 

PERCOLATION FROM LAYER 4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - -  
TOTALS 0.1632 0.1487 0.1637 0.1586 0.1641 0.1588 

0.1641 0.1638 0.1582 0.1632 0.1577 0.1630 

STD. DEVIATIONS 0.0015 0.0033 0.0018 0.0019 0.0019 0.0018 
0.0018 0.0017 '0 .0015 0.0015 0.0014 0.0015 

....................................................................... 

5 

6 

' 7  

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

a 28 
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31 

32 

33 
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FEMP-OU02-4 DRAFT 
April29, 1994 . 

5 5 0 4  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

RUNOFF 5.962 ( 3.838) 22853. 14.67 

EVAPOTRANSPIRATION 32.751 ( 3.090) 125546. 80.58 

PERCOLATION ‘FROM LAYER 3 1.9293 ( 0.0359) 7396. . 4.75 

PERCOLATION FROM LAYER 4 1.9272 ( 0.0198) 7388. 4.74 

CHANGE I N  WATER STORAGE 0.002 ( 3.228) 8. 0.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 

RUNOFF 2.252 8633.5 

PERCOLATION FROM LAYER 3 0.0056 21.5 

HEAD ON LAYER 3 20.4 

PERCOLATION FROM LAYER 4 0.0054 20.6 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 0.5200 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 0.1391 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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21 
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26 

27 

28 

29 

30 

31 

32 

33 

34 
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37 

38 

39 

40 
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FEMP-OUM-4 DRAFT 
April 29, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 4.16 0.5200 

3 46.74 0.4100 

4 21.96 0.0608 

SNOW WATER 0.00 

....................................................................... 

....................................................................... 

....................................................................... 

....................................................................... 

REMOVE FILL TO 60 P C I / G  ABOVE TERRACE AND 5 P C I / G  ELSEWHERE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 8 March 1, 1994 

....................................................................... 

....................................................................... 

F A I R  GRASS 

LAYER 1 
-------- 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.5200 VOL/VOL 

THICKNESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

INIT IAL SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

- 
- 
- 

. SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

n 
23 

24 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

53 
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550 4 
FEMP-OU02-4 DRAFT 
April 29. 1994 

LAYER 2 
-------- 

VERTICAL PERCOLATION LAYER 
80.00 INCHES - - 

- 0.5200 VOL/VOL 
THICKNESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
IN IT IAL  SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- F I ELD CAPACITY. - 

BARRIER SOIL LINER 
= 150.00 INCHES 
- 0.4100 VOL/VOL 

THICKNESS 

- 0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- 
- 
- 

VERTICAL PERCOLATION LAYER 
= 376.00 INCHES 
- 0.3900 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT - - 0.0636 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 0.0200 VOL/VOL - 

68.00 SCS RUNOFF CURVE NUMBER - 
= 46000. SQ FT 
- 12.00 INCHES 

TOTAL AREA OF COVER 

- 6.2400 INCHES 
EVAPORATIVE ZONE DEPTH 

- 6.2400 INCHES 
UPPER LIMIT VEG. STORAGE 

IN IT IAL  SNOW WATER CONTENT - - 0.0000 INCHES 
IN IT IAL  VEG. STORAGE 

SOIL AND WASTE LAYERS -- - 133.2536 INCHES 
IN IT IAL  TOTAL WATER STORAGE I N  

- 

- 
- 
- 

SOIL WATER CONTENT INITIALIZED BY USER. S ( ) O B ~ ~  
** , . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

4d 

45 
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DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

....................................................................... 

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 

PRECIPITATION 
------------- 

TOTALS 

STD. DEVIATIONS 

RUNOFF 
____-- 

TOTALS 

STD. DEVIATIONS 

STD. DEVIATIONS 

3.33 1.59 3.86 
3.54 4.80 2.89 

0.56 1.34 1.71 
2.04 1.04 2.17 

1.805 0.747 1.069 
0.021 0.043 0.180 

1.120 1.657 1.652 
0.046 0.097 0.387 

0.849 1.533 2.472 
5.407 4.287 2.263 

0.186 0.307 0.123 
1.250 1.223 1.781 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

n 
23 

24 

APR/OCT --_---- 

3.11 
3.33 

0.63 
1.37 

0.378 
0.027 

0.532 
0.046 

2.865 
1.966 

0.279 
0.509 

3.36 4.79 
2.69 3.36 

1.78 1.24 
1.35 1.99 

0.000 0.031 
0.000 1.236 

0.000 0.061 
0.000 1.591 

3.168 5.021 
1.664 0.901 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

1.635 1.285 
0.155 0.169 - 

53 
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PERCOLATION FROM LAYER 3 _________---_____-------- 
TOTALS 0.2340 0.2126 0.2329 0.2252 -0.2317 0.2232 

0.2278 0.2256 0.2192 0.2263 0.2199 - 0.2318 

STD. D E V I A T I O N S  0.0074 0.0077 0.0060 0.0023 0.0021 0.0028 
0.0009 0.0003 0.0038 0.0036 0.0051 0.0068 

PERCOLATION FROM LAYER 4 
__________--____--------- 

TOTALS 0.2295 0.2091 0.2301 0.2229 0.2304 0.2230 
0.2304 0.2301 0.2224 0.2296 0.2220 0.2294 

STD. D E V I A T I O N S  0.0016 0.0043 0.0020 0.0020 0.0020 0.0020 
0.0020 0.0018 0.0017 0.0017 0.0016 0.0016 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUNOFF 5.536 ( 3.763) 21222. 13.62 , 

EVAPOTRANSPIRATION 32.395 ( 3.127) 124183. 79.71 

PERCOLATION FROM LAYER 3 2.7104 ( 0.0327) 10390. 6.67 

PERCOLATION FROM LAYER 4 2.7090 ( 0.0217) 10385. 6.67 

CHANGE I N  WATER STORAGE 0.001 ( 3.505) 5. 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 

2 
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4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i 

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 
............................................................... 

( I N C H E S )  (CU.  FT . )  
-------- --------- 

P R E C I P I T A T I O N  2.40 9200.0 

RUNOFF 2.237 8575.1 

PERCOLATION FROM LAYER 3 0.0077 29.5 

HEAD ON LAYER 3 92.5 

PERCOLATION FROM LAYER 4 0.0075 28.8 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 0.5200 

M I N I M U M  VEG. S O I L  WATER (VOL/VOL) 0.1391 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

....................................................................... 

2 41.60 0.5200 

3 61.50 0.4100 

4 23.92 0.0636 

SNOW WATER 0.00 

....................................................................... 

....................................................................... 

28 

29 

30 

31 

32 

33 

41 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SOUTH FIELD AND INACTIVE FLYASH PILE 
12 TO 16 FEET OF NOT IMPACTED TILL, 6 TO 10 FEET OF SOURCE 

March 1, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR GRASS 

LAYER 1 
-------- 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- 0.5200 VOL/VOL 

THICKNESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

LAYER 2 
- - - - - - - - 

VERTICAL PERCOLATION LAYER 
- - 46.00 INCHES 
- 0.5200 VOL/VOL 

THICKNESS 

- 0.2942 VOL/VOL 
POROSITY 

- 0.1400 VOL/VOL 
FIELD CAPACITY 

IN IT IAL  SOIL WATER CONTENT - - 0.5200 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- 
- 

BARRIER SOIL LINER 
= 197.00 INCHES 
- 0.4100 VOL/VOL 

THICKNESS 

- 0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- 
- 
- 

0 ~ 0 8 2 9  
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LAYER 4 -------- 

VERTICAL PERCOLATION LAYER 
= 370.00 INCHES 
- 0.3900 VOL/VOL 

THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 
F I E L D  CAPACITY 

I N I T I A L  S O I L  WATER CONTENT - - 0.0618 VOL/VOL 
W I L T I N G  POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 
- 
- 0.0200 VOL/VOL - 

SCS RUNOFF 
TOTAL AREA 

CURVE NUMBER 
OF COVER 

- - 68.00 
= 46000. SQ F T  
- - 12.00 INCHES 
- 6.2400 INCHES 

EVAPORATIVE ZONE DEPTH 

- 6.2400 INCHES 
UPPER L I M I T  VEG. STORAGE 

I N I T I A L  SNOW WATER CONTENT - - 0.0000 INCHES 
I N I T I A L  VEG. STORAGE 

S O I L  AND WASTE LAYERS - - 133.7960 INCHES 
I N I T I A L  TOTAL WATER STORAGE I N  

- 
- 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL  WITH SYNTHETIC D A I L Y  TEMPERATURES AND 
SOLAR RADIATION FOR C I N C I N N A T I  OH I O  

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

2 

3 

4 

5 

6 

7 

a 
9 

10 

11 
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14 

15 

16 

17 

ia 

19 
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28 
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32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

- .  
FER\CRUZFSULG\APPD-3.TX'nApril21, 1994 8:21m D-3-1-81 



FEMP-OU02-4 DRAFT 
April 29. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- -__--_- ---__-- -___--- ------- ------- 

PRECIPITATION 
__----------- 

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1.71 0.63 1.78 1.24 
2.04 1.04 2.17 1.37 1.35 1.99 

RUNOFF 
------ 

TOTALS 1.837 0.76i 1.095 0.392 0.000 0.042 
0.020 0.043 0.196 0.026 0.000 1.369 

STD. DEVIATIONS 1.134 1.670 1.679 0.547 0.000 0.062 
0.045 0.097 0.422 0.046 0.000 1.628 

EVAPOTRANSPIRATION , 
-__------_-------- 

TOTALS 0.848 1.533 2.471 2.865 3.167 4.981 
5.691 4.299 2.277 1.987 1.659 0.900 

STD. DEVIATIONS 0.186 0.308 0.124 0.279 1.634 1.311 
1.407 1.237 1.805 0.496 0.157 0.169 

PERCOLATION FROM LAYER 3 
......................... 

TOTALS 0.1881 0.1710 0.1874 0.1813 0.1865 0.1798 
0.1837 0.1817 0.1766 0.1823 0.1773 0.1867 

STD. DEVIATIONS 0.0052 0.0056 0.0041 0.0014 0.0013 0.0018 
0.0008 0.0002 0.0028 0.0025 0.0036 0.0048 

PERCOLATION FROM LAYER 4 

TOTALS 0.1848 0.1683 0.1851 0.1793 0.1854 0.1794 
0.1854 0.1852 0.1790 0.1848 0.1788 0.1847 . 

STD. DEVIATIONS 0.0009 0.0032 0.0011 .0.0012 0.0012 0.0011 
0.0011 0.0010 0.0010 0.0010 0.0009 0.0009 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS & (STD. D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

( INCHES)  (CU. F T . )  PERCENT 
....................................................................... 

--------________ ----------- - - - - - - - 
P R E C I P I T A T I O N  40.64 ( 6.929) 155794. 100.00 

RUNOFF 5.781 ( 3.859) 22162. 14.23 

EVAPOTRANSPIRATION 32.678 ( 3.081) 125267. 80.41 

PERCOLATION FROM LAYER 3 2.1823 ( 0.0217) 8366. 5.37 

PERCOLATION FROM LAYER 4 2.1802 ( 0.0129) 8357. 5.36 

CHANGE I N  WATER STORAGE 0.002 ( 3.326) 8. 0.01 

....................................................................... 

....................................................................... 

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 
............................................................... 

( INCHES)  (CU. FT.) 
-------- --------- 

P R E C I P I T A T I O N  2.40 9200.0 

RUNOFF 2.252 8631.4 

PERCOLATION FROM LAYER 3 0.0062 23.6 

HEAD ON LAYER 3 58.4 

PERCOLATION FROM LAYER 4 0.0060 23.1 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 0.5200 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 0.1391 

....................................................................... 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 23.92 . 0.5200 

3 80.77 0.4100 

4 22.88 0.0618 

SNOW WATER 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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D.4.0 URANIUM PARTITION COEFFICIENT EVALUATION STUDY 1 

2 

This appendix documents the results of the Uranium Partition Coefficient Evaluation Study carried out 

in support of the Remedial InvestigatiodFeasibility Study (RI/FS) for Operable Unit 2 - Other Waste 

Units at the U.S. Department of Energy (DOE), Fernald Environmental Management Project (FEMP) 

coefficients (KJ for waste, soils, and geologic formations in Operable Unit 2 as an input in fate and 

- 3  

4 

5 

6 

7 

at Fernald, Ohio. The study consisted of laboratory analyses conducted to determine the partition 

transport modeling. This appendix will focus on the I& for total uranium, which is prevalent 

throughout the Operable Unit 2 waste units. The Kd results are based on both adsorption and 

desorption tests conducted at the FEMP laboratory. 

To identify Operable Unit 2-specific I& values, a laboratory study was conducted on Operable Unit 2 

waste and soil. Waste and soil samples were collected from the waste units and associated geological 

layers for each of the subunits. These waste or soil samples underwent laboratory tests where they 

were mixed with a leachate solution in a batch-type reactor. Two separate tests were conducted, one 

test evaluated the amount of uranium that was leached from the waste and soil and the other test 

evaluated the amount of uranium that was adsorbed by the waste or soil. The first test was conducted 

on samples (collected in the subunits where the media was contaminated) that were considered to be 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

contaminated. The second test was conducted on samples whose analysis showed little or no 19 

contamination. 20 

21 

D.4.1 Soil Sample Selection 22 

Table D.4-1 is a summary of the samples which were used to develop K, values and the location 

where they were sampled. 

retrieved from the sample archive. 

field readings conducted during the field sampling program. 

above background were considered contaminated. 

23 

The samples were collected from the ongoing field sampling activities or 24 

The contaminated samples were identified by the beta-gamma 25 

Samples with beta-gamma field readings 26 

Once the appropriate sample(s) were located, 27 

sample numbers were identified for retrieval from FEMP archives. Since the RI field sampling 2a 

program was ongoing at the time, some soil samples were collected directly from the field. 29 

30 

The main purpose for collecting samples directly from the field was to assure that samples with 31 
- 

significant levels of contamination were used. The field samples included both Trench Nos. 1 and 4 32 

samples in the South Field; Boring No. 1985 in the Solid Waste Landfill; and the sand and gravel , 33 

FER\CRV2FSULG\D4TEXlUpApril 21. 1994 12:39pm D-4-1 
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Solid Waste Landfil 

Lime Sludge Ponds 

Inactive Flyash Pile 

Active Flyash Pile 

South Field 

TABLE D.4-1 

SUMMARY OF K, STUDY SAMPLES 
FOR OPERABLE UNIT 2 

Boring 1985 (depth 0-3 ft.) 
Boring 1986 (depth 5-7.5 ft,) 

UP-SS-03 (depth 0-12 in.) 
UP-SS-05 (depth 0-6 in.) 
LSP-SS-06 (depth 0-6 in.) 

Boring 11001 (depth 0.5-2.5 ft.) 
Boring 11003 (depth 3.5-5.5 ft.) 

Boring 1980 (depth 4-5.5 ft.) 

Trench No. 1 (depth 2 ft.) 

NIS - No Sample Collected 

FFZWRU2FSLKG\D4TEXlMpril 19. 1994 8:29am 

Boring 1986 
(depth 12.5-15 ft.) 
Boring 11037 
(depth 20-22.5 ft.) 

Boring 2953 
(depth 46 ft.) 

-l- 
NIS N/S 

_I_ 
Boring 11187 
(depth 6.5-7 ft.) 
Trench No. 4 (depth 7 
ft.) 

Boring 2944 
(depth 25-51 ft.) 

Soring 2953 
depth 70 ft.) 

N/S 

N/S 

Soring 2944 
depth 50-65 ft.) 

... . 

D-4-2 
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. samples from Boring No. 2944 in the South Field and Boring No. 2953 in the Solid Waste Landfill. 1 

The samples with the highest contamination based 'on hand held beta-gamma measurements were 

found in the South Field trench locations and at Boring No. 1985 in the Solid Waste Landfill. 

the last two borings to be drilled in the RI sampling program, and all the previous borings contained 

2 

The 3 

sand and gravel samples from Boring Nos. 2944 and 2953 were collected because the samples were ' 4 

5 

low concentrations in the sand and gravel zones. After collection, however, these samples also 6 

showed no or little contamination. 7 

8 

The sample volume required for the test was approximately two liters; however, the archive samples 

were usually in 500 milliliter (mL) jars. Therefore, three to four archive samples were required at 

slightly different depths to make one Kd sample. However, all of the samples were from the same 

split spoon interval with the exception of samples from Boring No. 2944. Samples from Boring No. 

9 

10 

11 

12 

2944 in the South Field were collected over a 26 foot interval and a 15-foot interval for the 

unsaturated and saturated sand and gravel, respectively. 

whereas the archive samples were combined and homogenized in the FEMP laboratory. 

13 

These samples were composited in the field, 14 

15 

a D.4.1.1 Waste SamDles 

16 

17 

A waste material sample was collected from each subunit. All were identified as containing elevated 18 

levels of uranium except the Active Flyash Pile sample. The waste material was considered the flyash 

for the Active Flyash Pile and the Inactive Flyash Pile. One sample from each pile was collected. 

second sample at the Inactive Flyash Pile was collected for the earthen cover material overlying the 

flyash. The waste material at the Lime Sludge Pond was the lime sludge. Two samples were taken 

19 

A 20 

21 

22 

at the north Lime Sludge Pond and composited into one. Another sample of the earthen berm 23 

material was also collected. 24 

25 

Two waste samples were collected for the Solid Waste Landfill. Both were in the boundaries of the 26 

waste cells and were taken at different depths. One waste material sample was collected for the South 21 

Field. 

identified the sample as fill material. 

The sample was collected during the RI trenching at the South Field; visual inspection 28 

29 

30 

a . ,  . 
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D.4.1.2 Glacial Overburden Laver 

The glacial overburden was characterized using soil samples collected from two separate areas 

composed of Operable Unit 2 subunits. The areas were the Solid Waste LandfilULime Sludge Ponds 

and the Active Flyash Pilehactive Flyash Pile/South Field. This approach was based on similarities 

in lithologic descriptions taken from boring logs from each collective area. Additionally, the South 

Field and the Solid Waste Landfill were considered to have the greatest potential for future impact to 

the Great Miami Aquifer. All of the glacial overburden samples collected for the study were 

contaminated. 

Two samples were collected from Solid Waste Landfill, one in a blue clay just below the bottom of 

the Solid Waste Landfill at a depth of 12.5-15.0 feet and the other in an olive clay area below the 

blue clay at a depth of 20-22.5 feet. Two samples were collected from the South Field; one of the 

samples was collected in a gray olive silty clay at Trench No. 4 at a depth of seven feet and one at 

Boring No. 1974 in a light olive brown silty clay at a depth of seven feet. 

2 

3 

4 

5 

6 

7 .  

8 

9 

to 

11 

12 

13 

14 

15 

D.4.1.3 Sand and Gravel Laver 

The sand and gravel samples were considered to be similar at all the subunits. This approach was 

based on the Great Miami Aquifer being continuous over the site. All the sand and gravel samples 

collected for the K, study were relatively free of contamination. The samples were collected at two 

locations. One set of samples (saturated and unsaturated) was at the Solid Waste LandfiWLime 

Sludge Ponds in an area between the two units. The other set of samples was collected in the South 

Field. 

D.4.2 Laboratorv Procedures 

Two types of batch tests were used to perform the laboratory K, studies. One was a desorption test 

used on the contaminated samples and was based on determining the amount of total uranium that 

leached into solution. The other was an adsorption test used on the samples which contained low 

concentrations of total uranium and was based on determining the total uranium adsorbed by the 

soil/waste from a uranium spiked water solution. The desorption and adsorption tests meet the same 

objectives but operate in reverse of one another. Both tests will determine the equilibrium uranium 

concentrations of the soil and liquid solution. The selection of the appropriate I& test was based on 
G(iO&S 
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the soil sample's initial total uranium concentration. A total of 19 tests were performed on the soil 

samples, which consisted of 1 1  desorption tests and eight adsorption tests. 

1 

2 

0 
3 

The desorption test was performed for all of the samples that had a total uranium concentration above 4 

background. The adsorption test was performed on the remaining soil samples. For some samples 

analysis on the initial wastekoil samples was performed by both the FEMP and International 

Protection Agency's (EPA) Contract Laboratory Program (CLP). 

The ASTM D 4319-83 Standard Test Method for Distribution Ratios by the Short-Term Batch 

Method was evaluated and used as guidance in the preparation for the procedure used in the K, 

5 

both the adsorption and desorption tests were performed for comparison purposes. A total uranium 6 

7 

Technology Corporation Analytical Services (ITAS), which participates in the U. S . Environmental 8 

9 

10 

11 

12 

evaluation. Where appropriate, specific preparatory procedures of the ASTM were used. The Kd 13 

evaluation procedure is provided in Appendix A. 14 

15 

D.4.2.1 Desomtion Test 16 

In general, the desorption test consisted of placing a 400 gram' portion of the sample into a one gallon 17 

Nalgene plastic jarheactor with 3500 mL of a water solution. This equated to a liquid to soil ratio of 18 

8.75. The soil and liquid mixture was tumbled continuously at approximately 29 revolutions per 19 

' ' minute until the total uranium concentration in the water solution reached equilibrium. 20 

21 

Soil preparation started with compositing several archive samples for the same boring and depth (due 

to the small volumes archived) into a 600 gram sample. The 600 gram sample was then filtered to 

22 

23 

remove any free liquids. No drying was performed. The only samples requiring filtering were the 

saturated sand and gravel samples. After filtering, a 400 gram sample was weighed and placed in the 

reactor with the water. 

The remaining portion of the wastekoil sample that was not placed in the jar was prepared for 

laboratory analysis on total uranium and moisture content. A 200 gram sample was oven-dried at 

103°C for 24 hours. The moisture content was calculated by using the weight of the sample before 

oven-drying and the weight of the sample after oven-drying. A 10 gram portion of the oven-dried 

sample was used for the FEMP total uranium analysis and a 135 gram portion4vs-uAedp the off- 

site laboratory analysis. 

14. 

25 

26 

27 

28 

29 

M 

31 

32 

33 



-. f' 4 
J c , , 

FEMP-OU02-4 DRAFT . April 29, 1994 

In the desorption tests, three different water solutions were used with the soils to determine the K,, 
and were based on the location/type of the soil sample. For the waste material samples, a distilled 

water solution adjusted to 5.6 pH with 60/40 mixture of sulfuric acid to nitric acid solution was used. 

This water solution was used to represent the rainwater percolating through the waste material. The 

glacial overburden soil samples used a distilled water solution with no pH adjustment. The 

unsaturated and saturated sand and gravel samples were mixed with FEMP groundwater from a 3000- 

series background well. The groundwater was considered to have a uranium concentration that was 

representative of the background level at the site. 

The time period for the desorption test samples to reach equilibrium was approximately two weeks. 

During each test, a sample of the water solution was analyzed periodically for total uranium to verify 

when the sample reached equilibrium. This was performed by drawing off a 20 mL of leachate and 

filtering the sample through a 0.45 micron size membrane filter, to remove any solids. The sampling 

frequency for some of the water samples was adjusted on occasion because of holidays or weekends. 

All of the intermediate water samples were analyzed for total uranium at the FEMP laboratory to 

allow quick turnaround times which were required during the test. The final samples from each test 

were split between the ITAS and FEMP laboratory. 

Other parameters such as pH, oxidation/reduction potential (Ea, and specific conductivity can effect 

the "sorption" process and K, value [(American Society for Testing and Materials) D-43 191. 

Therefore, during each adsorption/desorption test, periodic measurements were made for temperature, 

pH, E,, and specific conductivity. The measurements were made at the same time that samples of the 

water solutions were collected for total uranium analysis during the test. 

All of the subunits' waste samples and glacial overburden samples underwent the desorption test 

except for the Active Flyash Pile flyash. The Active Flyash Pile flyash was not contaminated above 

background concentrations. Also, the Inactive Flyash Pile flyash sample did not leach uranium at 

concentrations which were detectable and therefore was discontinued after ten days. Attachment B-1 

provides the laboratory desorption test results. 

D.4.2.2 Adsorption Test 

In the adsorption tests, the same type of water solutions were prepared as in the desorption tests, 

depending on the location of the sample. The exception in the preparation activities between the two 

0 0 0 . K  P 
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0 tests was that the water solutions were spiked with uranium for the adsorption test. The spiked 

solution was a 1.0 milligram (mg)/mL concentration of uranium nitrate in two percent nitric acid. 

The water was spiked with 7 mL of the uranium nitrate solution. The addition of the uranium nitrate 

solution resulted in a uranium concentration of 2 mg/L for the initial water solution in all of the 

adsorption tests. 

The testing period on the adsorption of non-contaminated samples focused more on the first 72 hours 

of the test. During this period, a sample was collected each day. Literature review indicates most 

adsorption tests reach equilibrium within that time period (ASTM D-4319). If equilibrium was not 

reached, periodic sampling would continue after the 72 hour period, until equilibrium was reached. 

Equilibrium was determined by evaluating results from two consecutive samples. If the samples were 

within five percent (+ or -) or less, the sample was considered at equilibrium and the test was 

stopped. 

All of the sand and gravel samples underwent the adsorption test since they were not contaminated. 

The soil samples from the glacial overburden at Boring No. 1986 in the Solid Waste Landfill, flyash 

at both the Active Flyash Pile and Inactive Flyash Pile, and Trench No. 4 in the South Field were 

also tested. These soil samples, except for the Active Flyash Pile flyash, had low total uranium 

concentrations which were considered too low to leach into solution under the desorption test. The 

desorption test was performed on these three samples with the adsorption test performed for 

comparison purposes. The flyash sample from the Inactive Flyash Pile (Sample No. 114068) did not 

leach any measurable quantity of uranium during the desorption test. The other two glacial 

overburden samples (Samples Nos. 11 1457 and 1 13721 ) had detectable uranium concentrations in the 

leachate. Appendix B-2 provides the laboratory adsorption test results. 

0 

D.4.2.3 Analvtical Methods/Procedures 

The total uranium analysis was performed by both the FEMP laboratory and the ITAS. The FEMP 

analysis was at an analytical support level B and the ITAS analysis was at an analytical support level 

5 
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C. The FEMP laboratory used calorimetric analysis for the soil analysis and laser phosphorimetry for 29 

the water analysis. The volume requirements were 5 grams for the soils and 10 mL for the water. 30 

The FEMP Analytical Laboratory Services methods used were 3002 and 3062 for soils and water, 

respectively, which is consistent with the FEMP Site-wide Comprehensive Environmental Response, 

31 

32 
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Compensation, and Liability Act of 1980 (CERCLA) Quality Assurance Project Plan (SCQ) 

requirements. 

The ITAS used gamma spectrometry for the soil analysis and pulsed laser phosphorimetry for the 

water analysis. The volume requirements were 135 grams for the soils and 210 mL for the water. 

The standard operating procedures used were OR7003 and OR7127 for soils and water, respectively, 

and was consistent with the EPA approved CLP operating procedures. 

The pH, E,, conductivity, and temperature were measured by placing the instrument probe directly 

into the jarheactor. The instrument was calibrated each day for E,, conductivity, and pH. The E, 

and conductivity calibration was performed by zeroing the meter. The pH was calibrated by using a 

4.0 and 7.0 pH buffer. Also, when using the probe, the jars were organized to be sampled in 

increasing aqueous uranium concentrations; the probe was also raised with deionized water between 

samples to avoid cross-contamination of the samples. 

D.4.3 Partition Coefficient Calculations 

The K, values for both the adsorption and desorption tests were calculated by dividing the 

concentration of uranium in the test media or soil (at equilibrium) by the concentration of uranium in 

the test liquid or groundwater (at equilibrium), as follows: 

C,’ = concentration of uranium in soil or test media (minus background) 

C, = concentration of uranium in liquid (at equilibrium) 

The concentration of uranium in the liquid (at equilibrium) was obtained directly from laboratory 

analytical results; however, the concentration of uranium in the soil was calculated. 

Desomtion Calculations: 

In order to calculate the concentration of uranium in the soil (at equilibrium), the mass of uranium in 

the water (at equilibrium) must first be determined. The mass of uranium was calculated by 

multiplying the concentration of uranium in the liquid (at equilibrium) by the total volume of the test . . ,  . 
liquid used during the desorption test, as follows: GCG843 
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m, = C, x V 

m, = Mass of Uranium in Liquid (at equilibrium) 

1 

2 

3 

4 

V = Volume of Liquid used During Desorption Testing 5 

6 

The initial mass of uranium in the soil was calculated by multiplying the initial concentration of 7 

uranium in the soil by the mass of the soil, as follows: 

m, = C , x M  

8 

9 

10 

1 1  

m, = Initial Mass of Uranium in Soil or Test Media 12 

C, = Initial Concentration of Uranium in Soil or Test Media 13 

M = Mass of Soil or Test Media 14 

15 

Once these two values were determined, the concentration of uranium in the soil (at equilibrium) was 

calculated by subtracting the mass of uranium in the liquid (at equilibrium) from the initial mass of 

uranium in the soil and dividing the difference by the mass of the soil, as follows: 

m, - m1 
M 

cs = - 

C, = Concentration of Uranium in Soil or Test Media (at equilibrium) 

In calculating the Kd values, the liquid source has an impact on determining the total uranium 

concentration in the soil. The background uranium concentration in soil was assumed to be in 

equilibrium with groundwater. In tests where groundwater was used as the desorption test liquid, the 

background uranium concentration was not subtracted from the concentration of uranium in the soil 

(at equilibrium); therefore, C,’ equals C,. However, in tests where groundwater was not used as the 

adsorption test liquid, the background uranium concentration was subtracted from the concentration of 

uranium in the soil (at equilibrium), as follows: 

cg’ = c, - Cb 
c b  = Background Concentration of Uranium 

The background total uranium concentration in soil was calculated to be 3.7 micrograms per gram 

(pg/g) by using the FEMP background activity for uranium isotopes. The e q u a t i o B U w  the 
44 
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calculation is found in Data Validation Program, Rev. 0, DOE Oak Ridge Operations Office, 1991, 

pages D-3 through D-5. 

The I(d calculations for the desorption tests were based on the analytical results for the ITAS 

e laboratory and can be found in Attachment C-1. A summary of the off-site analytical results and the 

Kd values for the desorption tests are provided in Table D.4-2. 

Desomtion Test Calculation Example: 

The following is an example of desorption testing calculations for Sample No. 11 1457 to determine 

the Kd value. 

C, = 18.3 pg/g 
C, = 10.6 pg/L 
M = 400 g 
v = 3.5 L 

m, = C , x V  = 10.6pg/Lx 3.5 1 = 37.1 pg 
m,. = 

Cb = 3.7 pg/g 

C, x M = 18.3 pg/g x 400 g = 7,320 pg 

m, - m, - 7,320 pg - 37.1 Pg = 7282.9 pg = 18.2 pglg - c, = - 
M 400 g 400 g 

Kd = 1370 L/kg 

FER\CRUZFSVLG\D4TEXlUpd 19, 1994 8 2 9 m  
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TABLE D.4-2 
OPERABLE UNIT 2 K, VALUES FOR DESORPTION TEST 

11 1455 

11 1440 

11 1457 

115370 

1 14472 

1 14494 

1 14067 

114068 

1 14070 

113717 

113721 

Solid Waste Landfill/l986 - 146.0 127.4 1700.0 
Waste Material 

Solid Waste LandfillI1985 - 74.0 63.9 726.0 
Waste Material 

Solid Waste Landfi11/1986 - 18.3 14.5 10.6 
Glacial Overburden 

Solid Waste Landfill/l1037 - 9.0/2.65b 2.0 10.0 
Glacial Overburden 

Lime Sludge Pond/SSO3 - 18.9 14.8 41.6 
Waste/Berm Material 

Lime Sludge Pond/SS05&06 - 14.3 10.6 4.0 
Lime Sludge 

Inactive Flyash Pile/l 1001 - 147.0 127.5 1810.0 
Cover Material 

I ---= I --- 
Inactive Flyash Pile11 1003 - I 16.9 

Flyash 

South Field11 1 187 - 308.0 304 32.5 
Glacial Overburden 

South FieldITrench No. 1 - 278.0 261.4 1480.0 
Waste Material 

South Field/Trench No. 4 - 4.34 I 0.6 I 2.16 
Glacial Overburden 

“Identifies subunit and boring number 

average of FEMP and IT soil concentration 

‘Concentration below detection limit 

75 

88 

1370 

200 

360 

2650 

70 

9350 

180 

280 
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Adsomtion Calculations: 

In order to calculate the concentration of uranium in the soil (at equilibrium), the amount of uranium 

adsorbed to the soil must first be calculated. The mass of uranium adsorbed was calculated by 

multiplying the initial concentration of uranium spiked in the liquid by the volume of the liquid used 

during adsorption testing, as follows: 

m , = s x v  
m, = Initial Mass of Uranium Spiked in Liquid 
S = Initial Concentration of Uranium Spiked in Liquid 
V = Volume of Liquid used During Adsorption Testing 

Then, the mass of uranium in the solution (at equilibrium) was calculated by multiplying the 

concentration of uranium in the liquid (at equilibrium) by the volume of the liquid used during 

adsorption testing, as follows: 

m, = C, x V 

m, = Mass of Uranium in Liquid (at equilibrium) 

C, = Concentration of Uranium in Liquid (at equilibrium) 

The concentration of uranium adsorbed in the soil was calculated by subtracting the mass of uranium 

in the liquid (at equilibrium) from the initial mass of uranium spiked in the liquid and dividing the 

difference by the total soil mass, as follows: 

mi - m, c, = - 
M 

C, = Concentration of Uranium Adsorbed in Soil or Test Media 

M = Mass of Soil or Test Media 

The final concentration of uranium in the soil (at equilibrium) was calculated by adding the 

concentration of uranium adsorbed in the soil to the initial concentration of uranium in the soil, as 
follows: 

c, = c, + c, 
C, = Concentration of Uranium in Soil or Test Media (at equilibrium) 
C, = Initial Concentration of Uranium in Soil or Test Media 

The background uranium concentration in the soil was assumed to be in equilibrium with the 

groundwater concentrations; therefore, in tests where groundwater was used as the adsorption test 
ooof3~;r 
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liquid, the background uranium concentration was not subtracted from the concentration of uranium in 

the soil (at equilibrium); therefore, Cs’ equals Cs. In tests where groundwater was not used as the 

adsorption test liquid, the background uranium concentration was subtracted from the concentration of 

uranium in the soil (at. equilibrium), as follows: 

a 

C,’ = c, - Cb 
Cb = Background Concentration of Uranium 

The K,, calculations for the adsorption tests were based on the analytical results for the ITAS 

laboratory and can be found in Attachment C-2. A summary of the off-site analytical results and the 

& values for the adsorption test are provided in Table D.4-3. 

Adsomtion Test Calculation Examule: 

The following is an example of adsorption testing calculations for 

Kd values. 

Given: 

C, = 18.3 pg/g 

M = 400 g 
c, = 357 pg/L 

v = 3,5 L 
s = 2000 pg/L 

Calculations: 

Q = S x V = 2000 pg/L x 3.5 L = 7000 pg 
m, = C, x V = 357 pg/L x 3.5 L = 1249.5 pg 

mi - m, - 7000 pg - 1249.5 pg = 5750.5 pg = c, = - 
M . 400g 400 g 

Sample No. 11457 to determine the 

14.4 pglg 

C, = C, + C, = 14.4 pg/g + 18.3 pg/g = 32.7 pg/g 
C,. = C, - Cb = 32.7 pg/g - 3.7 pglg = 29.0 pg/g 

29*0 pg/g= 0.081 L/g = 81.0 L/kg 
357 pg/L 

K,, = 81.0 L/kg 

The off-site results were used because they were performed by a laboratory using EPA CLP 

procedures. a 
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115445 

115454 

111457 

114068 

TABLE D.4-3 
OPERABLE UNIT 2 K, VALUES FOR ADSORPTION TEST 

Solid Waste LandfW2953 - 1.63 11.1 918.0 12.0 
Unsaturated Sand and Gravel 

Solid Waste LandfW2953 - 1.17 10.1 982.0 10.0 
Saturated Sand and Gravel 

Solid Waste LandfW1986 - 18.3 ,29.0 357.0 81 
Glacial Overburden 

Inactive Flyash Pile/llOO3 - 16.9 30.7 3.0b 10,230 
Flvash 

~~ 

113721 

113755 

113770 

~~ ~ 

Active Flyash Pile11980 - 564.0 I 37.0 
Flyash 

~ ~~ 

South FieldTrench No. 4 - 4.34 10.4 876.0 12.0 
Glacial Overburden 

South Field2944 - 1.43 11.7 826.0 14.0 
Unsaturated Sand and Gravel 

South Field2944 - 2.86 9.9 1190.0 8.0 
Saturated Sand and Gravel 

'Identifies subunit and boring number 

FEMP average water analysis result 
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1 D.4.4 Summarv and Conclusions 
2 

D.4.4.1 Desorution Versus Adsorution 3 

A summary of K,, values for desorption and adsorption tests is provided in Table D.4-4. Two values 4 

were provided wherever there were two samples from the same area and for the sand and gravel 

higher then the adsorption test based K, values. Results for the Solid Waste Landfill Sample No. 

11 1457 and South Field Sample No. 113721 provide a direct comparison between the two tests. 

Measurement of the Solid Waste Landfill sample yielded a K, of 1370.0 L/kg from the desorption test 

and a K, of 81.0 L/kg from the adsorption test. On the South Field sample, the desorption test 

showed a Kd value of 280.0 L/kg and the adsorption test showed a Kd value of 12.0 L/kg. 

5 

samples since they were similar. The K, values, based on desorption values, were significantly 6 

7 

8 

9 

10 

11 

12 

The results between the adsorption and desorption tests were different and can be attributed to the 

difference in the tests. 

13 

One difference was the generation or presence of uranium in the leachate. In 14 

the adsorption test, uranium was added at the beginning of the test to the leachate. In the desorption 15 

test, the uranium was leached, during the test, from the soil sample in the leachate. 

the leachate was also different between the test. 17 

of uranium nitrate. 18 

The uranium in 

In the adsorption test, the uranium was in the form 

16 

. a 
19 

The desorption test, the uranium varied chemically depending on the source and/or chemical changes 

that may have occurred during its presence in the soil. In addition, the desorption test was different 

than the adsorption test by the process. The desorption worked on the process of removing absorbed 

The adsorption test used the process of soil particles absorbing uranium from 

20 

21 

22 

uranium from the soil. 

solution. 24 

23 

25 

The desorption test is considered more representative than the adsorption test because it more 

accurately represents actual site conditions and the chemical form of the uranium. 

26 

The adsorption 27 

values were mainly used in the unsaturated and saturated sand and gravel zones where the desorption 

would leach at detectable concentrations. 

28 

test was not practical because the soils were not contaminated or not contaminated to a level that 29 

30 

31 

0 
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Solid Waste Landfill - Glacial Overburden 

Inactive Flyash Pile - Cover Material 

Inactive Flyash Pile/Active Flyash Pile - Flyash 

TABLE D.4-4 

200 .O/ 1 370.0 81.0 . 

70.0 

37 .O/ 10,230.0 

SUMMARY OF K, VALUES 
FOR OPERABLE UNIT 2 

Lime Sludge Pond - Berm Material 

Lime Sludge Pond - Lime Sludge 

75.0/88 .O I I) Solid Waste Landfill - WaSte Material 

360.0 

2650.0 

South Field - Waste Material 

South Field - Glacial Overburden 

South Field/Solid Waste Landfill - 
Unsaturated Sand and Gravel 

180.0 

280.0/9350.0 12.0 

12.0/14.0 

South Field/Solid Waste Landfill - 
Saturated Sand and Gravel 

8.0/10.0 
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Several literature reviews were performed to evaluate the range of I(d values for uranium. One 

reference (Thibault et al., 1990), provided a range of K, values from 46 to 395,100 L/kg for clay rich 

soils and 0.03 to 2,200 L/kg for sandy soils. For agriculture soils or the soil layer where plants and 

roots uptake nutrients, the Kd value for uranium ranged between 10.5 to 4,400 L/kg (Baes et al., 

1984). 

Operable Unit 2 k, Values Versus Literature Values 

Both the waste layer and glacial overburden layer soils at the Solid Waste Landfill and South Field 

were clay rich soil with K, values from 75 to 180 L/Kg for the waste layer and 12 to 9350 L/kg for 

the glacial overburden layer. In comparison with the literature values, the Operable Unit 2 K, values 

were on the low end of the range. Likewise, for the sand and gravel at the Solid Waste Landtill and 

South Field, the K, values ranged from 8.0 to 14.0 L/kg, which was on the low end of the literature 

values for sandy soils. No literature values were obtained for the flyash and lime sludge. 

D.4.4.3 

A final assessment of the Operable Unit 2 K, values were made by comparison with in situ samples. 

The in situ & determination was conducted by Operable Unit 5 and was determined by analyzing a 

soil and water sample at the same location in 1000-series wells. Because the perched water flow 

velocities are low in the glacial overburden, it was assumed the measured soil and liquid phase 

concentrations were in equilibrium. 

Ouerable Unit 2 k, Values Versus In Situ Values 

0 

Before the in situ K,s were calculated, the soil concentration was corrected for the uranium contained 

in the soil moisture. Approximately 25 percent of the soil uranium concentration was subtracted to 

adjust for the soil moisture. The Operable Unit 5 in situ K, values ranged from 16 to 235 L/kg 

which were similar to the range of Operable Unit 2 K, values for the Solid Waste Landfill and South 

Field in the glacial overburden (12 to 280 L/kg) when the high K, values are deleted from the Solid 

Waste Landfill (1370 L/kg) and South Field (9350 L/kg). 

The Operable Unit 2 RI sampling program collected a soil (silty sand) and water sample from Inactive 

Flyash Pile Boring No. 11003 at 26 feet, which produced an in situ K, value of 525 L/kg. Also, a K, 

value was calculated for the South Field saturated sand and gravel layer by removing the free liquid 

from the sample and analyzing the free liquid and sand and gravel material. The sand and gravel 

were considered to be in equilibrium with the groundwater. A Kd value of 64 L/kg resulted. These 
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two Operable Unit 2 in situ K, values were much higher then the Operable Unit 2 laboratory K, 
values for the sand and gravel layer. The in situ K,, at Boring No. 11003 was believed to be high due 

to the uranium contamination not being soluble and was probably specific to that area of 

a 
2 

3 

contamination. 4 

5 
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ATTACHMENT D.4.1 

LABORATORY PROCEDURES 

D.4.1 Procedure a (Contaminated SamDles for Uranium k, Determination) 

1 

2 

3 

D.4.1.1 SamDle Homogenization 6 

7 The sample will be thoroughly homogenized using a stainless steel mixing spoon in a stainless steel 

mixing bowl. 8 

D.4.1.2 Sample Filtration 10 

If the sample has any free liquid, it should be vacuum filtered through a .45 micron filter paper (note 

that it may be necessary to use several filtration steps). Any filtrate should be collected and analyzed 

9 

11 

12 

for total uranium. 13 

14 

D.4.1.3 Initial Characterization of Soil Sample 15 

Samples for the total uranium soil analysis should be split between the FEMP laboratory and the off- 16 

site laboratory if adequate sample is available. If there is inadequate sample for the off-site analysis, 

then samples should only be analyzed at the FEMP laboratory. Sample volumes should be collected 

for total uranium and placed in the containers as shown in the attached table. 

17 

18 

Additionally, a 10 gram 19 

sample should be analyzed for moisture content at the FEMP laboratory. 20 

D.4.1.4 Sample PreDaration 

Place 400 grams (dry weight) of soil sample in the 4.0 liter reactor and add 3500 ml of the 

appropriate leachate solution to the reactor. For soil samples collected in the subunits, the leachate 

solution will be 3500 ml of deionized (DI) water adjusted to a pH 5.6 using a mixture of sulfuric acid 

and nitric acid at a 60/40 ratio. For soil samples collected from the glacial overburden below the 

subunits, use DI water with no pH adjustment. For soil samples from the sand and gravel zone 

(unsaturated or saturated) below the subunits, the leachate solution will be clean groundwater from a 

background well. A sample of the background groundwater must be submitted for total uranium 

analysis to the off-site laboratory and the FEMP laboratory according to the volumes and container 

requirements shown in the attached table. This analysis will serve as a background concentration for 

the groundwater used for the testing. (Note: background groundwater only requires one analysis to 9 ,. 
establish a baseline concentration.) 
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D.4.1.5 Samule Mixing 

The samples should be placed in the rotating tumbler and mixed continuously until completion of the 

testing. The extractor must be operated at 29 +/- 2 rpm. 

D.4.1.6 Samule Collection 

Samples of the leachate should be collected by stopping the tumbler for a sufficient time period 

(minimum of 10 minutes) to allow the solids to settle. An appropriate volume of the leachate (see 

attached table for sample volumes required-for analysis) should then be decanted from the reactor and 

filtered through a .45 micron filter paper or separated with a constant temperature centrifuge capable 

of separating > 0.1 micron particles. Any solids from the separation step should be returned to the 

reactor. 

Intermediate samples should be collected at 72, 144, 168, 240, 288, 360, and 384 hours and analyzed 

at the FEMP laboratory for total uranium. The study may be stopped earlier if the data indicates that 

the results for uranium is in equilibrium with the soil and liquid. Equilibrium will be determined by 

plotting each concentration (Y-axis) vs. time (X-axis) to determine when the curve begins to flatten, 

which indicates that an equilibrium concentration is achieved. Prior to stopping the test earlier or 

collecting intermediate samples for one of the radionuclides, confirm that the contaminant is in 

equilibrium with the CRU2 representative. 

The final sample will be collected after the results indicate that uranium is in equilibrium and will be 

split between the FEMP laboratory and the off-site laboratory. The final sample will be collected and 

analyzed for total uranium. If a sample does not reach equilibrium after 384 hours, then the CRU2 

contact person (Bert Crapse at extension 6974) should be notified to determine the appropriate action 

to be taken. (Note: the final water samples should only be split with the FEMP and off-site 

laboratories if the soil samples were initially split between the two laboratories.) 

, At the completion of the study, the soil will be stored for possible future leaching tests to determine 

the extractable concentrations of the radionuclides. Prior to storing the sample, the sample will be 

vacuum filtered through a .45 micron filter paper to remove all free liquid. The CRU2 contact 

person will identify which samples will be used to determine the extractable portion. 
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D.4.2.1 SamDle Homogenization 

The sample will be thoroughly homogenized using a stainless steel mixing spoon in a stainless steel 

mixing bowl. 

D.4.2.2 Sample Filtration 

If the sample has any free liquid, it should be vacuum filtered through a .45 micron filter paper (note 

that it may be necessary to use several filtration steps). 

D.4.2.3 

Samples for the total uranium soil analysis should be split between the-FEMP laboratory and the off- 

site laboratory if an adequate sample is available. If there is an inadequate sample for the off-site 

analysis, then samples should only be analyzed at the FEMP laboratory. Sample volumes should be 

collected for total uranium and placed in the containers as shown in the attached table. Additionally, 

Initial Characterization of Soil Sample 

a 10 gram sample should be analyzed for moisture content at the FEMP laboratory. a 
D.4.2.4 Sample PreDaration 

Place 400 grams (dry weight) of soil sample in the 4.0 liter reactor and add 3500 ml of the 

appropriate leachate solution to the reactor. For soil samples collected in the subunits, the leachate 

solution will be 3500 ml of deionized (DI) water adjusted to a pH 5.6 using a mixture of sulfuric acid 

and nitric acid at a 60/40 ratio. For soil samples from the sand and gravel zone (unsaturated or 

saturated) below the subunits, the leachate solution will be clean groundwater from a background 

well. If baseline concentration is not established for groundwater, then a sample must be submitted 

for total uranium analysis to the off-site laboratory and the FEMP laboratory according to the 

volumes and container requirements shown in the attached table. 

Once the proper leaching solution has been prepared, then the proper mass of radionuclides must be 

added to obtain a. liquid concentration of approximately 100 times the MCL concentration. The 

following is the MCL (proposed) for uranium: 

. 

Radionuclide 

Uranium 

MCL Mass of Radionuclide to be Suiked 

20 pg/L 
. .  . .  . .  

7.0 mg Uranium 238 
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Place 400 grams (dry weight) of soil/waste in the 4.0 liter reactor, and add 3500 ml of the 

appropriate leachate solution to the reactor. 

D.4.2.5 SamDle Mixing 

The samples should be placed in the rotating tumbler and mixed continuously until completion of the 

testing. The extractor must be operated at 29 +/- 2 rpm. 

D.4.2.6 SamDle Collection 

Samples of the leachate should be collected by stopping the tumbler for a sufficient time period 

(minimum of 10 minutes) to allow the solids to settle. An appropriate volume of the leachate (see 

attached table for sample volumes required for analysis) should then be decanted from the reactor and 

filtered through a .45 micron filter paper or separated with a constant temperature centrifuge capable 

of separating greater than 0.1 micron particles. Any solids from the separation step should be 

returned to the reactor. 

Intermediate samples should be collected at 4, 24,-48, and 72 hours. After the 72 hour data point is 

obtained, verify that the uranium is at an equilibrium concentration between the soil and the leachate 

solution. Equilibrium will be determined by plotting each concentration (Y-axis) vs. time (X-axis) to 

determine when the curve begins to flatten, which indicates that an equilibrium concentration is 

achieved. If a sample does not reach equilibrium after 72 hours, then the CRU2 contact person (Bert 

Crapse at extension 6974) should be notified to determine the appropriate action to be taken. 

All of the intermediate samples will be analyzed for total uranium at the FEMP laboratory. The final 

sample will be collected after the results indicate that uranium is in equilibrium. The final sample 

will be split between the FEMP laboratory and the off-site laboratory and analyzed for total uranium. 

(Note: the final water samples should only be split with the FEMP and off-site laboratories if the soil 

samples were split.) 
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D.5.0 AIR TRANSPORT MODELING FOR LONG-TERM RESIDUAL RISK 1 

D.5.1 LONG-TERM AIR TRANSPORT MODELING 

This section presents the approach, methodology, and results of the long-term air transport analysis of 

the Operable Unit 2 remedial alternatives. The objective of this analysis was to determine the 

maximum on-subunit, on-property , and off-property annual average air contaminant concentrations 

and deposition rates from the remediated Operable .Unit 2 subunits. These concentrations were used 

for the residual risk assessment described in this FS. 

Theanalysis was conducted in accordance with EPA guidance (EPA 1989a). Two emission models 

and an air dispersion model were used to estimate air emissions from each source and to calculate 

annual average concentrations and deposition rates at various receptor locations. One emission model 

predicted the quantity of exposed soil that would be resuspended by the wind, and the other emission 

model estimated the flux of radon-222 gas from soil containing radium-226. Particulate-phase 

contaminants examined include radionuclides, inorganic compounds, and nonvolatile organic 

compounds. The only gas-phase contaminant evaluated in this analysis was radon-222. VOCs were 

not analyzed as they would be lost to the atmosphere prior to the start of the postremediation periods 

analyzed in the FS. The air dispersion model accounted for dispersion and dilution of the 

contaminants under defined meteorological conditions, such as wind speed and direction, atmospheric 

stability, and mixing height. The meteorological parameters used were collected from an on-property 

meteorological station, as well as from the National Weather Service ( N W S )  in Dayton, Ohio. 

Four major steps were required to achieve the objective of this analysis: 

1. Scenarios for the air transport analysis were defined. 

2. Sources of air emissions and contaminants released were'identified based on 
site-specific information. 

3. The appropriate EPA regulatory air dispersion model was selected which 
best represented the site characteristics and the objective of the analysis. 

4. Particulate or gaseous air emissions were estimated from site-specific soil 
contaminant concentrations, and additional inputs to the model such as 
meteorological data and receptor locations were determined. 

0 Figure D.5.1-1 presents the sequential block diagram of these steps and indicates the sections below 

that describe them. ' _. 
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Throughout the analysis, site-specific data were used :where available. When such data were not 

available, conservative assumptions were made. Regulatory default options and values were used 

where applicable in the air emission and dispersion models. The intent of the assumptions was to 

make the results relevant to the site so that the risk associated with the air exposure pathway 

was realistic. 

D.5.1.1 Source Term Assumutions for Air TransDort Analysis 

The residual risks from remediated Operable Unit 2 subunits were evaluated for a number of exposure 

scenarios under three land use assumptions: Current, Future With Federal Ownership, and Future 

Without Federal Ownership. The air emissions for these land use assumptions are identical, except 

for the on-property resident farmer exposure scenario under the Future Land Use Without Federal 

Ownership. In all other scenarios, the on-property soil is assumed to relatively undisturbed and 

mostly covered (85 percent) with grass or other vegetation throughout the year. For the on-property 

farmer scenario, the farmed land will be periodically plowed and planted, harvested, plowed, and left 

fallow. Under this scenario, the topsoil is assumed to be covered with vegetation for only 50 percent 

of the year. The South Field was the only subunit that was considered large enough to support a 

farm would result in direct exposure to residual contamination in the exposed top soil. 
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Therefore, the South Field was the only subunit analyzed for direct air pathway impacts to the on- 17 

property resident farmer. 18 

A total of 29 remedial alternatives were analyzed in the main body of this FS report. Air impacts 

associated with the five No Action alternatives (one for each subunit) are presented in the Operable 

Unit 2 RI Report Baseline Risk Assessment (BLRA) (DOE 1994). Potential air impacts associated 

with the remaining 24 alternatives are summarized below. 

Solid Waste Landfill 

The Offsite Disposal alternative was assumed to have negligible air impacts. The soil and 

material with contaminant concentrations greater than the on-property farmer PRLs will be 

removed from the site and the excavated area will be backfilled with clean soil and vegetated. 

No contaminated particulate matter or radon gas were assumed to be emitted from the landfill. 
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The On-Property Disposal alternative was assumed to have minimal air impacts. The soil and 

material with contaminant concentrations greater than the expanded trespasser PRLs will be 

placed in the on-property disposal cell and the excavated area will be backfilled covered with 

an engineered cap. No contaminated particulate matter was assumed to be emitted from the 

landfill or disposal cell. However, gaseous radon-222 emissions through the landfill cap and 

disposal cell cover were estimated and included in the air dispersion model. 

The Consolidation/Containment alternative was assumed to have minimal air impacts. The 

landfill will be covered with an engineered cap and no contaminated particulate matter was 

assumed to be emitted. Gaseous radon-222 emissions through the cap were estimated and 

included in the dispersion model. 

Lime Sludge Ponds 

The Offsite Disposal alternative was assumed to have negligible air impacts. The soil with . 

. contaminant concentrations greater than the on-property farmer PRLs and sludge will be 

removed from the site and the excavated area will be backfilled and clean closed. No 

contaminated particulate matter or radon gas were assumed to be emitted from the lime sludge 

ponds. 

The On-Property Disposal alternatives (with or without lime sludge stabilization) were 

assumed to have minimal air impacts. The lime sludge and soil with contaminant 

concentrations greater than the expanded trespasser PRLs will be placed in the on-property 

disposal cell and the excavated area will be backfilled and clean closed. No contaminated 

particulate matter was assumed to be emitted from the sludge ponds or disposal cell. 

However, gaseous radon-222 emissions through the disposal cell cover were estimated and 

included in the air dispersion model. 

The In-Situ Containment alternative was assumed to have minimal air impacts. The ponds 

will be covered with an engineered cap and no contaminated particulate matter was assumed 

to be emitted. Gaseous radon-222 emissions through the cap were estimated and included in 

the dispersion model. 
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Inactive Flvash Pile 

The Offsite Disposal alternative was assumed to have residual air impacts. Soil and material 

with contaminant concentrations greater than the on-property resident farmer PRLs will be 

excavated and removed from the site. These PRL values are essentially the contaminant 

background concentrations. Since the risks associated with background levels were addressed 

in the BLRA, no additional modeling was conducted for this alternative. 

The On-Property Disposal Cell alternatives (five total) were assumed to have residual air 

impacts. Soil and material with contaminant concentrations greater. than the expanded 

trespasser PRLs will be excavated and placed in the on-property disposal cell. Particulate 

matter emissions (with contaminant concentrations less than or equal to the expanded 

trespasser PRLs) were estimated for the Inactive Flyash Pile. Gaseous radon-222 emissions 

from the exposed soil as well as through the disposal cell cover were estimated and included 

in the model. For this remedial alternative, the Inactive Flyash Pile will consist of two 

distinctive areas after remediation. The portion that lies directly on the upper Great Miami 

Aquifer (GMA) will be will be excavated down to the GMA layer. The portion that contains 

an intervening till layer between the source material and the GMA will be excavated down to 

the unimpacted (lower) till layer. 

The ConsolidationKontainment alternative was assumed to have residual air impacts. These 

impacts will be virtually identical to the impacts associated with the On-Property Disposal 

Cell alternatives since soil and material with contaminant concentrations exceeding the 

expanded trespasser PRLs will be excavated, placed in the consolidation area and covered 

with an engineered cap. The location of maximum radon-222 impacts could potentially 

change since the consolidation area is closer to the Inactive Flyash Pile than the disposal cell. 

Active Flvash Pile 
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The Offsite Disposal alternative was assumed to have residual air impacts. Soil and material 25 
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with contaminant concentrations greater than the on-property resident farmer PRLs will be 

excavated and removed from the site. These PRL values are essentially the contaminant 

background concentrations. Since the risks associated with background levels were addressed 

in the BLRA, no additional modeling was conducted for this alternative. 
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The On-Property Disposal Cell alternatives (with and without flyash stabilization) were 

assumed to have residual air impacts. Soil and material with contaminant concentrations 

greater than the expanded trespasser PRLs will be excavated and placed in the on-property 

disposal cell. Particulate matter emissions (with contaminant concentrations less than or equal 

to the expanded trespasser PRLs) were estimated for the Active Flyash Pile. Gaseous radon- 

222 emissions from the exposed soil as well as through the disposal cell cover were estimated 

and included in the model. For this remedial alternative, the Active Flyash Pile will consist 

of two distinctive areas after remediation. The portion that lies directly on the upper Great 

Miami Aquifer (GMA) will be will be excavated down to the GMA layer. The portion that 

contains an intervening till layer between the source material and the GMA will be excavated 

down to the unimpacted (lower) till layer. 

The ConsoIidation/Containment alternative was assumed to have residual air impacts. These 

impacts will be similar to the impacts associated with the On-Property Disposal Cell 

alternatives since soil and material with contaminant concentrations exceeding the expanded 

trespasser PRLs will be excavated, placed in the consolidation area and covered with an 

engineered cap. The consolidation area partly covers the Active Flyash Pile location, slightly 

reducing the total area available for particulate matter and uncovered radon emissions. 

Therefore, the total air impacts associated with this alternative will be less than the impacts 

associated with the On-Property Disposal Cell alternatives. 

South Field 

The Offsite Disposal alternative was aSsurned to have residual air impacts. Soil and material 

with contaminant concentrations greater than the on-property resident farmer PRLs will be 

excavated and removed from the site. These PRL values are essentially the contaminant 

background concentrations. Since the risks associated with background levels were addressed 

in the BLRA, no additional modeling was conducted for this alternative. 

, 

The On-Property Disposal Cell alternatives (four total) were assumed to have residual air 

impacts. Soil and material with contaminant concentrations greater than the expanded 

trespasser PRLs will be excavated and placed in the on-property disposal cell. Particulate 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

17 

18 

19 

20 

?I 

22 

23 

?4 

25 

26 

27 

q e r  emissions (with contaminant concentrations less than or equal to the expanded L,C L\J c:$jo 

FER\CRU~FS\APPD~\FSD~AIR.DOCA~I~~ 21, 1994 2:43pm D-5- 1-6 



5,504 
FEMP-OU02-4 DRAFT 

April 29, 1994 

trespasser PRLs) were estimated for the South Field. Gaseous radon-222 emissions from the 

exposed soil as well as through the disposal cell cover were estimated and included in the 

model. For this remedial alternative, the South Field will consist of three distinctive areas 

after remediation. ' The portion that lies directly on the upper Great Miami Aquifer (GMA) 

will be will be excavated down to the GMA layer. The portion that contains less than 16 f t  of 

an intervening till layer between the source material and the GMA will be excavated down to 

the unimpacted (lower) till layer. The portion that contains more than 16 ft  of an intervening 

till layer between the source material and the GMA does not require extensive excavation. 

The Consolidation/Containment alternative was assumed to have residual air impacts. These 

impacts will be similar to the impacts associated with the On-Property Disposal Cell 

alternatives since soil and material with contaminant concentrations exceeding the expanded 

trespasser PRLs will be excavated, placed in the consolidation area and covered with an 

engineered cap. The consolidation area partly covers the South Field location, reducing the 

total area available for particulate matter and uncovered radon emissions. Therefore, the total 

air impacts associated with this alternative will be less than the impacts associated with the 

On-Property Disposal Cell alternatives. 

To analyze the Operable Unit 2 subunits, a total of 373 area sources were used. These sources were 

combined into 13 source groups where each source group contained sources with identical emission 

rates. The eight major source groups in the South Field Area are presented on Figure D.5.1-2. 

These source groups were assumed to emit both contaminated particulates and radon gas. The 

remaining source groups were assumed to emit only radon gas and included the Solid Waste Landfill, 

Lime Sludge Ponds, On-Property Disposal Cell, and the Consolidation Area (north end and south 

end). 
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D.5.1.2 Air Transuort Models 

The annual average contaminant concentrations and deposition rates were determined using ISCLT2. 

This model is recommended by EPA for air pathway analysis of Superfund sites (EPA 1989a). 

The ISCLT2 model (EPA 1992 and 1992a) was designed by the EPA to assess the air quality impact 

of emissions from a wide variety of sources. It incorporates a steady-state gaussian plume equation 

that is applicable in flat or gently rolling terrain, for multiple point, area, and volume sources. The 

ISCLT2 model calculates the annual average concentration due to airborne emissions at user-selected 

receptors, based on sector-averaged statistical wind summaries. Data required for input to the model 

include source emission rates, the locations and configurations of sources, statistical summaries of 

wind speed, wind direction, and atmospheric stability, and the locations of the selected receptors. 

D.5.1.3 Particulate Contaminant Emission Rates 

Radionuclide, inorganic, and nonvolatile organic contaminants were assumed to be present in the 

suspended particulate matter emitted from the site. The emission rate for each contaminant in 

this particulate -matter was calculated from the concentration of the contaminant in the exposed soil 

and from the estimated site-wide average particulate matter emission rate. For concentration 

calculations, the emission rate of particulate matter less than 10 micrometers in diameter (PM,,) was 

used. For deposition rate calculations, the emission rate of total suspended particulates (TSP) was 

used. The TSP emission rate was determined by assuming that PM,, represented 50 percent of the 

TSP value (EPA 1993). 

D.5.1.3.1 Contaminated Soil Concentrations 

The radionuclide contaminant concentrations in soil used for development of emission source terms 

are presented in Table D.5.1-1. The chemical contaminant concentrations in soil used are presented 

in Tables D.5.1-2. Contaminant soil concentrations were selected from data in the RI/FS database 

developed for this FS. 
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TABLE D.5.1-1 

ESTIMATED RESIDUAL RADIONUCLIDE CONCENTRATIONS IN EXPOSED SOIL 

Active Flvash Pile 

Radionuclide Add'l Exposed Till 
(PCW Exposed GMA Exposed Till (On-Property Disposal) 

(3-137 

Np-237 

Ra-226 

Ra-228 

Tc-99 
Th-228 

Th-230 

Th-232 

U-234 

U-235 

U-236 

U-238 

See footnotes at end of table. 0 

NC 

5.00 x 10' 
5.94 x 10" a 

5.37 x lo1  a 

0 "  

1.19 x 10'" 

1.42 x 10' a 

9.65 x lo-' a 

9.21 x 10-l a 

0 "  
0 "  

7.54 x lo-' a 
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NC 

1.90 x lo-' a 

1.14 x 10' a 

9.00 x lo-' a 

0 "  

1.74 x 10' 

2.67 x 10' a 

1.20 x 10' a 

1.00 x 10' a 

3.40 x loe2 a 

3.40 x lo4 a 

1.05 x 10'" 

NC 

1.90 x -lo-' a 

1 . 1 4 ~  10'" 

9.00 x 10-l a 

O C  

1.74 x 10' 

2.67 x 10' a 

1.20 x 10' a 

1.00 x 10' a 

3.40 x loe2.' 

3.40 x lo2  a 

1.05 x 10' a 
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TABLE D.5.1-1 (Continued) 

Radionuclide 
(PCW Exposed GMA Exposed Till 

CS-137 

Np-237 

Ra-226 

Ra-228 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-235 

U-236 

U-238 

0 "  

1.80 x 18' a 

8.70 x lo-' a 

5.30 x lo-' a 

0 "  

4.10 x 10-1 a 

2.03 x 10' a 

3.60 x lo-' a 

1.09 x 10' 

8.00 x a 

0 c-. 

1.60 x lo-' a 

1.01 x looa 

7.30 x lo-' a 

NC 

8.33 x 10'' a 

1.62 x 10' a 

7.32 x 10' a 

7.70 x 10' a 

5.20 x 10" a 

8.00 x a 5.20 x 10" a 

1.44 x 10' a 8.50 x lo-' a 

See footnotes at end of table. 
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TABLE D.5.1-1 (Continued) 

South Field 
~ ~~~ ~~ ~ ~ 

Radionuclide Exposed Fill 
(PCW Exposed GMA Exposed Till (On-Property Disposal) 

CS- 137 0 "  0 "  6.92 x 10' a 

Np-237 0 "  5.00 x 10' 3.69 x lo-' a 

Ra-226 6.76 x lo-' a 1.06 x 10' a 9.21 x 10' a 

Ra-228 4.61 x lo-' a 1.02 x 10' a 1.94 x 10' 

Tc-99 0 "  . O "  9.00 x lo-' a 

Th-228 3.30 x lo-' a 8.75 x lo-' a 1.70 x 10' 

Th-230 1.37 x 10' a 1.09 x 10' a 1.38 x 10' a 

Th-232 3.30 x lo-' a 7.92 x lo-' a 1.29 x 10' a 

U-234 5.85 x 10-1 a 3.51 x 10'" 7.83 x 10' a 

U-235 

U-236 

2.00 x a 

2.00 x lo2 a 

2.19 x 10" a 

2.19 x lo-' a 

4.05 x 10' a 

4.05 x 10' a 

U-238 6.60 x lo-' a 4.55 x 10' a 5.70 x 10' a 

NC = Not characterized. 
'From given layer source term concentrations, April 1994. 
bFrom OU2 subunit expanded trespasser PRLs. 
'Not detected. 
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TABLE' D.5.1-2 

ESTIMATED CHEMICAL CONCENTRATIONS IN EXPOSED SOIL 

Active Flyash Pile 
Add'l Exposed Till 

Chemical (rnglkg) Exposed GMA Exposed Till (On-Property Disposal) 

Aroclor-1254 
Aroclor-1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)p yrene 
Benzo(b)fluoranthene 
Benzo( k) fluor anthene 
Beryllium 
Chromium 
Chrysene 
Dibenzo(a,h)anthracene 
Dieldrin 

I Indeno( 1,2,3-cd)pyrene 
Uranium (Total) 

NC 
NC 

2.92 x 10lb 
NC 
NC 
NC 

. NC 
5.44 x loob 

NC 
NC 
NC 
NC 

NC 
NC 

1.40 x 10la 
NC 
NC 
NC 
NC 

1.10 x looa 
NC 
NC 
NC 
NC 

NC 
NC 

1.40 x 10la 
NC 
NC 
NC 
NC 

1.10 x looa 
NC 

. NC 
NC 
NC 

NC NC . NC 
8.42 x looa 4.27 x looa 4.27 x looa 

See footnotes at end of table. 
G6:0913 
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TABLE D.5.1-2 (Continued) 

Inactive Flyash Pile 

Chemical (mg/kg) Exposed GMA Exposed Till 

Aroclor- 1254 
Aroclor-1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)p yrene 
Benzo(b) fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Chromium 
Chry sene 

. Dibenzo(a,h)anthracene 
Dieldrin 
Indeno( 1,2,3cd)pyrene 
Uranium (Total) 

See footnotes at end of table. 
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NC 
NC 

5.10 x 10la 
NC 
NC 
NC 
NC 

9.30 x IO-'" 
NC 
NC 
NC 
NC 
NC 

5.86 x looa 

NC 
NC 

6.90 x 10'" 
NC 
NC 
NC 
NC 

1.40 x 10'" 
NC 
NC 
NC 
NC 
NC 

4.39 x 10'" 
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TABLE D.5.1-2 (Continued) 

South Field 
Exposed Fill 

Chemical (mg/kg) Exposed GMA Exposed Till (On-Property Disposal) 

Aroclor- 1254 0 "  0 '" 3.50 x lo-" 
Aroclor- 1260 
Arsenic 
Benzo(a)anthracene . 
Benzo( a)p yrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Chromium 
Chrysene 
Dibenzo(a,h)anthracene 
Dieldrin 
Indeno( 1,2,3-cd)pyrene . 
Uranium (Total) 

0 "  
6.20 x 10'" 

0 "  
0 "  
0 "  
0 "  
0 "  

5.00 x 10'" 
0 "  
0 "  
0 "  
0 "  

1.03 x 10la 

0 "  3.50 x lo-" 
6.98 x looa 7.64 x 10'" 

0 "  
0 "  
0 "  
0 "  

7.79 x 
1.99 x 10la 

0 "  
0 "  
0 "  
0 "  

1.67 x 10la 

NC = Not characterized. 
'From given layer source term concentrations, April 1994. 
bFrom OU2 subunit expanded trespasser PRLs. 
'Not detected. 

1.10 x looa 
1.80 x looa 
1.60 x 10'" 
1.60 x looa 

1.80 x lola 
1.40 x looa 

4.40 x 

6.20 x 
2.97 x l V a  

8.80 x 

9.70 x 10-3a 
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Because this analysis assumed that the site has been remediated, any soil concentrations exceeding the 1 

extended tresspasser PRLs identified in this FS were reset to the PRL value. For COCs which did 

not exceed the PRL value, the exposed soil concentration terms were used. These layers included the 

upper GMA and lower till in the Flyash Piles and South Field, and the fill in the South Field (for On- 

Property Disposal Cell alternatives). This approach assumed that the residual contamination after 

2 

3 

4 

5 

remediation will not be worse than currently measured levels. 6 

D.5.1.3.2 SusDended Particulate Emission Estimate 

The method used to estimate PM,, emission rates for the FEMP is based on EPA guidance for 

estimating wind erosion rates from flat soil surfaces at hazardous waste sites (EPA 1985a). The EPA 

methodology assumes that a minimum wind speed is required for the suspension of respirable dust, 

and the emission rate is a nonlinear function of the "Threshold Friction Velocity" (TFV) and the 

erosion potential of the site, which depends on the particle size distribution of the soil. Very fine 

soils (those with small modal diameters) have low TFVs and high potential for erosion by wind. 

In addition to modal diameter, other factors such as the amount of nonerodible elements (gravel and 

pebbles with diameters greater than approximately 1 cm), crustiness of the surface soil, and the 

amount of vegetative cover effect the quantity of soil that can be resuspended by the wind. 

The on-property resident farmer receptor would be continuously breaking up the soil crust in the 

farmed area. Therefore, crustiness was not applied as a factor in determining the particulate 

emissions for this receptor. To conservatively estimate the emissions from an on-property farm, only 

the modal diameter was used to calculate the flux of particulate matter for determining risk under this 

scenario. For all other receptors/scenarios, the ability of the soil to form a crust as well as moisture 

content and presence of nonerodible elements was taken into account. 

On-ProDertv Resident Farmer Particulate Emission Rates 
The modal diameter of Operable Unit 2 exposed soil was estimated from particle size distributions 

presented in the Operable Unit 2 Remedial Investigation Report. From the data in these reports, the 

modal diameter occurs in the silt fraction, which is between (0.002 and 0.075 mm or 0.000001 and 
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0.00003 in.). The modal diameter selected was approximately 0.021 mm, which is in agreement with 27 

28 the typical 50 percent particle size diameter for the FEMP (Mulder, 1993). 
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Using an exposed soil modal diameter of 0.021 mm, the TFV can be determined from the EPA 

guidance document (EPA 1985a, Figure 3-4). The relationship between the modal diameter and the 

TFV can be represented by the equation: 

log (TFV) = 1.812 + 0.4161 log (4) 
where 

TFV = threshold friction velocity (crn/s) near the soil surface, and 
dp = modal diameter of soil sample (mm). 

The calculated TFV is approximately 13.0 cm/s (5 in./s) based on a modal diameter of 0.021 mm 
(0.00001 in.). The calculated TFV should be corrected based on the surface roughness, crustiness, 

and quantity of nonerodible elements. The ratio of the corrected TFV to the uncorrected TFV is a 

nonlinear function of the ratio of the silhouette area of the roughness elements to the total area of bare 

loose soil (EPA 1985a). For this FS, no correction was applied to the calculated TFV based on the 

assumption that the exposed surface would behave like dry, loose silt. This assumption is obviously 

conservative since the site has enough clay in the soil to form a nonerodible crust, the surface 

contains nonerodible elements, and the vegetation present will significantly increase the TFV 

necessary to resuspend surface soil. 

The calculated TFV is less than the 75 cm/s (30 in./s); therefore, the FEMP surface soil was 

considered to have an "unlimited" erosion potential (EPA 1985a). The equation for respirable 

particulate emissions of soils with unlimited erosion potential takes the following form: 

where 

El0 

E10 = 0.036 x (1-V) x [(u/uJ'] x F(y) 

annual average PM,, emission rate per unit area of contaminated 
surface (g/hr/m2), 
particulate matter with a diameter 
fraction of soil covered by vegetation, 
mean annual wind speed (m/s), 
TFV at the height of "u" (m/s), 
0.886 x u, / u, 
1.91 for y C 0.5, 
0.18 x (y3 + 12y) x EXP(-y") for y > 2, and 
See Figure 4-3, EPA 1985a, for 0.5 C y C 2. 

10 meters, 
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For the on-property farmer scenario, the farmed land will be periodically plowed and planted, . 

vegetation for only 50 percent of the year. 

1 

2 

3 

harvested, plowed, and left fallow. Under this scenario, the topsoil is assumed to be covered with 

The TFV must be corrected to the anemometer height (10 meters) used to collect site wind speed 4 

5 data. The corrected TFV is calculated from the following equation (EPA 1985a): 

U,/TFV = (1/0.4) In (Z/Zo) 
where 

Z = anemometer height (m), and 
Z O  = surface roughness height (m). 

(3) 6 

7 

The surface at the FEMP will be covered with grass and other vegetation after completion of remedial 

actions. Using an approximated value of 0.03 meters (0.1 feet) for grassland (EPA 1985a) as Z,, the 

value of Ut was calculated to be 1.89 m/s (6 ft/s). 

The methodology used to calculate the emissions for soil with unlimited erosion potential is based on 

multiplying the emission rate for a single mean annual wind speed value by an estimated annual wind 

speed probability distribution. This method allows for rapid calculation of annual PM,, emissions 

knowing only the mean annual wind speed. The highest annual average wind speed from the on-site 

meteorological data set was 2.28 m/s (DOE, 1993~). Using this wind speed value in Equation (1) 

provides an estimated PM,, emission flux of 1.59 x lo-’ g/sec/m2. 

0 

The annual average radionuclide emissions from the South Field under the on-property resident 

farmer scenario are presented in Table D.5.1-3. The chemical emissions from the South Field are 

presented in Table D.5.1-4. 
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TABLE D.5.1-3 

RADIONUCLIDE EMISSION FLUXES FROM EXPOSED SOIL 
UNLIMITED EROSION WITH 50% VEGETATIVE COVER” 

South Field 

Radionuclide Exposed Fill 
(pC i/s/m2) Exposed GMA Exposed Till (On-Property Disposal) 

- TSP -10 PM - TSP -10 PM TSP -10 PM 

CS-137 0 0 0 o 2.20 x 10-5 1.10 x 10-5 

Np-237 0 0 1.59 x lo4 7.95 x lo-’ 1.17 x 10” 5.87 x 

Ra-226 2.15 x 10” 1.07 x 3.36 x lo-’ 1.68 x ‘ ~ O - ~  2.93 x lo4 1.46 x lo* 

Ra-228 1.47 x lo-’ 7.33 x 10“ 3.25 x lo5 1.62 x 6.17 x lo-’ 3.08 x lo-’ 

Tc-99 0 0 0 o 2.86 x 10-5 1.43 x 10-5 

Th-228 1.05 x lo-’ 5.25 x 10“ 2.78 x 1.39 x lo-’ 5.41 x lo-’ 2.70 x lo5 

Th-230 4.36 x lo5 2.18 x lo-’ 3.58 x 10” 1.74 x 10” 4.39 x lo4 2.19 x lo4 
Th-232 1.05 x 5.25 x 2.52 x lo5 1.26 x lo-’ 4.10 x lo4 2.05 x lo4 

U-234 1.86 x 10” 9.30 x 1.12 x lo4 5.58 x 2.49 x 10” 1.24 x 10” 

U-2351236 6.36 x lo7 3.18 x lo9 6.96 x 10“ 3.48 x 10“ 1.29 x lo4 6.44 x lo-’ 

U-238 2.10 x 10” 1.05 x 10” 1.45 x lo4 7.23 x lo-’. 1.81 x 10” 9.06 x lo4 

NC = Not calculated. 
‘Based on an annual average PM,, Emission Flux of 1.59 x lo5 glslm2, TSP Emission Flux of 3.18 x 10” glslm*, and the COC 
concentration in exposed soil. 
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TABLE D.5.1-4 

CHEMICAL EMISSION FLUXES FROM EXPOSED SOIL 
UNLIMITED EROSION WITH 50% VEGETATIVE COVER' 

South Field 

Exposed Fill 
Chemical (pg/s/m2) Exposed GMA Exposed Till (On-Property Disposal) 

Aroclor-1254 

Aroclor- 1260 

Arsenic 

Benzo( a)anthracene 

Benzo(a)p yrene 

Benzo(b)fluoranthene 

Benzo( k)fluoranthene 

Beryllium 

Chromium 

Chrysene 

Dibenzo(a, h)anthracene 
Dieldrin 

Indeno( 1,2,3cd)pyrene 

Uranium (Total) 

pJ -10 PM 
0 0 

0 0 
1.97 x 10" 9.86 x 

0 0 

0 0 

0 0 

0 0 

0 0 

1.59 x io" 7.95 x 10-5 

0 0 

0 0 

0 0 

0 0 
1.64 x lo4 3.28 x 10" 

pJ 
0 

0 

2.43 x 10" 

0 

0 

0 

0 
2.48 x 10-5 

6.33 x 10" 

0 

0 
0 

0 

5.34 x 10" 

-10 PM 
0 

0 
1.21 x 10" 

0 

0 
0 

0 
1.24 x 10-5 

3.16 x 10" 

0 

0 

0 

0 

2.67 x 10" 

pJ 
1.11 x lo4 

1.11 x 

2.22 x 10" 

3.50 10-5 

5.72 10-5 

5.09 x l o 5  

5.09 x l o5  

2.80 x l o5  

5.73 x 10" 

4.45 x 10-5 

1.40 10-5 

3.18 x 10-7 

9.44 x 103 

1.97 x l o5  

-10 PM 
5.57 x 107 

5.57 x 107 

1.75 x 10-5 

2.86 x 10-5 

2.54 10-5 

1.40 x 10-5 

2.23 x 10-5 

1.11 x 10" 

2.54 x l o5  

2.86 x 10" 

7.00 x 

1.59 x lo7  

9.86 x 

4.72 x 10-3 

NC = Not Calculated. 
'Based on an annual average PMlO Emission Flux of 1.59 x 10" g/s/m2, TSP Emission Flux of 3.18 x 10.' g/s/m*. and the COC 
concentration in exposed soil. 
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All Other Receutor/Exuosure Scenarios 

Observations of the surface soil at the FEMP indicate that the surface may have a limited erosion 

potential, based on comparison of the FEMP surface to photographs of limited erosion potential 

surfaces presented in the reference document (EPA 1985a). Therefore, the limited erosion potential 

equation, presented below, is used to estimate particulate emissions for all other receptor/exposure 

scenarios: 

where 

El0 

U+ 

V 
PE 

E,, = 0.83 x f x P(u') x (1 - V) / (PE/50)2 (4) 

= 

= 
= 

= 

= 
= 

annual average PM,, emission rate per unit area of contaminated 
surface (g/hr/m2), 
frequency of disturbance per month, 
erosion potential, the quantity of erodible particles present on the surface prior 
to the onset of wind erosion (g/m2), 
observed (or probable) fastest mile of wind for the period between disturbances 
(m/s) 9 

fraction of soil covered by vegetation, and 
Thornwaite's Precipitation Index (a measure of average soil moisture content). 

The erosion potential in Equation 4 depends on the fastest mile as follows (EPA 1985a): 

P(u+) = 6.7 x (u+ - uJ, for u+ 2 4, (5) 
= 0, for u+ < 4. 

A typical fastest mile for the region is 24 m/s (EPA 1985a) at 7 meters above ground. Correcting the 

threshold friction velocity previously determined for the unlimited erosion potential to 7 meters above 

the ground (using Equation 3) results in a value of 1.77 m/s for 4. The calculated value for P(u+) is 

148.93 g/m2 

Since the remediated site under scenarios other than the on-property farmer will be infrequently 

disturbed, the value of f was assumed to be 1. Thornwaite's Precipitation Index (PE) for the 

southwest comer of Ohio is 103 (EPA 1985a). 

Currently, the FEMP is 80 to 85 percent covered with vegetation. After remediation, the South Field 

Area will be planted with appropriate vegetation for erosion control and aesthetics. The region easily 

supports plant life, and a 100 percent vegetative cover is expected over the postremediated site, with 

or without continued maintenance. For this air transport analysis, the site was conservatively 

assumed to be 85 percent covered with vegetation. The 85 percent value is in line with EPA 

estimates of control efficiencies for vegetative covers (EPA 1987). 
e -  

gj(jOS7.2 
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The limited erosion potential of PM;, for the FEMP is then calculated to be 1.21 x 10" g/s/m2. 
0 

Note that the ISCLT;! model calculates dispersion for six wind speed categories (EPA 1992). The use 

of a single emission rate for dispersion under all six wind speed categories will overestimate the 

concentrations for low wind speeds and underestimate concentrations at high wind speeds. The 

frequency of wind speeds in the lower wind speed categories is much greater than the frequency of 

wind speeds in the upper wind speed categories. Therefore, using a single emission rate for all wind 

speed categories in ISCLT2 will tend to overestimate the ground level PM,, concentrations. Evidence 

indicates (EPA 1985b) that no substantial fugitive particulate emissions occur for wind speeds less 

than 5 m/s (16.4 ft/s or 12 mph). These wind speeds include the lower three wind speed categories 

analyzed by ISCLT;!. 

Tables D S.1-5 and D S.1-6 present particulate-phase radionuclide and chemical emissions, 

respectively, for each source group and all receptor scenarios, except the on-property farmer. 

D.5.1.4 Gaseous Contaminant Emission Rates 

Emissions of radon-222 were estimated for exposed soil in the South Field Area as well as from 

capped or covered areas (Solid Waste Landfill, Lime Sludge Ponds, On-Property Disposal Cell, and 

Consolidation Area). No other gaseous emissions were estimated. Volatile and semivolatile organics 

were assumed to have decayed to negligible levels prior to the time period studied by this analysis. 

Radionuclides, nonvolatile organics, and inorganics were assumed to be transported with the 

particulates emitted from the site. 

Radon-222 emissions of were determined from the radium-226 concentrations in the contaminated soil 

using the RAECOM model algorithms developed for the NRC (NRC 1984). The model accounts for 

the half-lives of radon and radium as well as the density, porosity, moisture content, and depth of 

contaminated layers and cover layers in estimating radon-222 emission rates. The model converts 

radium-226 soil concentrations (in pCi/g) to radon-222 fluxes (in pCi/s/m2). The basic equations are 

presented in the Risk Assessment Work Plan Addendum (DOE 1992). The radium-226 

concentrations and the radon-222 fluxes from each emission source are presented in Table D.5.1-7. 

The RAECOM model output is presented in Attachment D.5.1-I. e 
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TABLE D.5.1-5 

RADIONUCLIDE EMISSION FLUXES FROM EXPOSED SOIL 
LIMITED EROSION WITH 85% VEGETATIVE COVER" 

Active Flyash Pile 

Radionuclide Exposed Till 
(pCiIsIm') Exposed GMA Exposed Till (On-Property Disposal) 

(3-137 

Np-237 

Ra-226 

Ra-228 

- Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

- TSP 
NC 

1.21 x 10-5 

1.44 x 10" 

1.30 x 

0 

2.88 x 10" 

3.44 x 10" 

2.34 x 10" 

2.23 x 10" 

0 

1.82 x 

-10 PM 
NC 

6.50 x 10" 

7.19 10-7 

6.50 x 10-7 

0 

1.44x 10" 

1.72 x 10" 

1.17 x 10" 

1.11 x 10" 

0 
9.12 10-7 

- TSP 

NC 
4.60 x 10-7 

2.76 x 10" 

2.18 x 10" 

0 
4.21 x 10" 

6.46 x 10" 

2.90 x 10" 

2.42 x 10" 

8.23 x 

2.54 x 

See footnotes at end of table. 
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-10 PM 
NC 

2;30 x 10-7 

1.09 X'lO" 

1.38 x 10" 

0 

2.10 x 10" 

3.23 x 10" 

1.45 x 10" 

1.21 x 10" 

4.11 x 

1.27 x 10" 

- TSP -10 PM 
NC NC 

4.60 x 10-7 2.30 x 10-7 

2.76 x 10" 1 . 3 8 ' ~  10" 

2.18 x 10" 1.09 x 
0 0 

4.21 x 2.10 x 
6.46 x 10" 3.23 x 

2.90 x 1.45 x loe6 

2.42 x 10" 1.21 x 

8.23 x 4.11 x 
2.54 x 1.27 x 
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TABLE D.5.1-5 (Continued) 

Inactive Flyash Pile 

Radionuclide 
(pCi/s/m2) Exposed GMA Exposed Till 

- TSP -10 PM TSP -10 PM 
0-137 0 0 0 0 

Np-237 4.36 10-7 2.18 x 10-7 3.87 x 10-7 1.94 x 10-7 

Ra-226 2.11 x 10" 1.05 x 10" 2.44 x 10" 1.22 x 10" 

Ra-228 1.28 x 10" 6.41 x 1.77 x 8.83 x 

Tc-99 0 0 NC NC 

Th-228 9.92 x loe7 4.96 x lo7 2.02 x 10" 1.01 x 10" 

Th-230 4.91 x 10" 2.46 x 10" 3.92 x 1.96 x 

Th-232 8.71 x 4.36 x 10" 1.77 x 10" 8.86 x lo7 

U-234 2.63 x 1.31 x 10" 1.86 x 10" 9.32 x lo-' 

U-2351236 1.94 x 9.68 x lo-' 1.26 x lo=] 6.29 x lo-' 

U-238 3.48 x 10" 1.74 x 10" 2.06 x 10" 1.03 x 

See footnotes at end of table. 
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TABLE D.5.1-5 (Continued) 

South Field 

Radionuclide Exposed Fill 
(pC iIsIm') Exposed GMA Exposed Till (On-Property Disposal) 

CS-137 

Np-237 

Ra-226 

Ra-228 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

- TSP 
0 
0 

1.64 x 10" 

1.12 x 10" 

0 

7.99 x 10-7 

7.99 x 10-7 

3.32 x 10" 

1.42 x 10" 

4.84 x 
1.60 x 10" 

-10 PM 
0 
0 

8.18 x 10-7 

5.58 x 10-7 

3.99 x 10-7 

3.99 x 10-7 

7.08 x 10-7 

7.99 x 10-7 

0 

1.66 x 10" 

2.42 x 

TSP 
0 

1.21 x 10-5 

2.56 x 
2.47 x 10" 

0 
2.12 x 10" 

2.65 x 10" 

1.92 x 10" 

8.49 x 10" 

5.30 x 10-7 

1.10 x 10-5 

-10 PM 
0 

6.05 x 10" 

1.28 x 10" 

1.24 x 10" 

0 

1.06 x 10" 

1.32 x 10" 

9.58 x 10-7 

2.65 x 10-7 

4.25 x 10" 

5.51 x 10" 

- TSP -10 PM 
1.67 x 10" 8.37 x 

8.93 x 10-7 4.46 x 10-7 

2.23 x 10-5 1.11 x 10-5 

4.69 x 10" 2.35 x 
2.18 x 1.09 x 

4.11 x 2.06 x loe6 

3.34 x 10-5 1.67 x 10-5 

3.12 x 10-5 1.56 x 10-5 

1.89 104 9.47 10-5 

9.80 x 10" 4.90 x 

1.38 x lo4 6.90 x 

NC = Not calculated. 
'Based on an annual average PM,, Emission Flux of 1.21 x 10" g/s/mz, TSP Emission Flux of 2.42 x 10" g/s/mz, and the COC 
concentration in exposed soil. 
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TABLE D.5.1-6 

CHEMICAL EMISSION FLUXES FROM EXPOSED SOIL 
LIMITED EROSION WITH 85% VEGETATIVE COVER’ 

Active Flyash Pile 

Exposed Till 
Chemical (pg/s/m’) Exposed GMA Exposed Till (On-Property Disposal) 

PM - TSP -10 PM - TSP -10 PM 

Aroclor- 1254 NC NC NC NC NC NC 

Aroclor- 1260 NC NC NC NC NC NC 

TSP -10 

Arsenic 7.07~ 10-5 3.53 10-5 3.39 x 10-5 1.69 x 10-5 3.39 x 10-5 1.69 x 1 0 5  

Benzo( a)anthracene NC NC NC NC NC NC 

Benzo( a)p yrene NC NC NC NC NC NC 

Benzo( b)fluoranthene NC NC NC NC NC NC 

Benzo(k)fluoranthene NC NC NC NC NC NC 

Beryllium 1.32 x lo-’ 6.58 x 10“ 2.66 x 10“ 1.33 x 2.66 x lod 1.33 x 
Chromium NC NC NC NC NC NC 

Chrysene NC NC NC NC NC NC 

Dibenzo(a,h)anthracene NC NC NC NC NC NC 

Dieldrin NC NC NC NC NC NC 

Indeno( 1,2,3-~d)pyrene NC NC NC NC NC NC 

Uranium (Total) 2.04 x 10” 1.02 x 1.03 x 5.17 x 10“ 1.03 x l o 5  5.17 x lod 

See footnotes at end of table. 0 
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TABLE D.5.1-6 (Continued) 

Inactive Flyash Pile 

Chemical (pg/s/m*) Exposed GMA Exposed Till 

- TSP -10 PM - TSP -10 PM 
Aroclor- 1254 NC NC NC NC 
Aroclor- 1260 NC NC NC NC 
Arsenic 1.23 x 6.17 x loe6 1.67 x 8.35 x 
Benzo( a) anthracene NC NC NC NC 
Benzo(a)p yrene NC NC NC NC 
Benzo(b)fluoranthene NC NC NC NC 
Benzo(k)fluoranthene NC NC NC NC 
Beryllium 2.25 x 10" 1.13 x 10" 3.38 x 1.69 x 
Chromium NC NC NC NC 
Chr ysene NC NC NC NC 
Dibenzo(a, h)anthracene 0 0 0 0 
Dieldrin NC NC 1 NC NC 
Indeno( 1,2,3-cd)pyrene NC NC NC NC 
Uranium (Total) 1.42 x 7.09 x 10" 1.06 x 5.31 x 

See footnotp. t t  .e of table. B;- (jfd>& 9 
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TABLE D.5.1-6 (Continued) 

South Field 

Exposed Fill 
Chemical (Clg/s/m? Exposed GMA Exposed Till (On-Property Disposal) 

- TSP -10 PM pJ -10 PM - TSP -10 PM 

Aroclor-1254 0 0 0 0 8.47 x lo-' 4.24 x 
Aroclor-1260 0 0 0 0 8.47 x 10' 4.24 x 
Arsenic 1.50 x 7.50 x lo4 1.85 x 10' 9.24 x 10" 1.69 x 10' 8.44 x 10" 
Benzo(a)anthracene 
Benzo( a)p yrene 
Benzo( b) fluor anthene 
Benzo(k)fluoranthene 
Beryllium 
Chromium 
Chrysene 
Dibenzo(a,h)anthracene 
Dieldrin 

0 0 0 0 2.66 x 10" 1.33 x 10" 
0 0 0 0 , 4.36 x 10" 2.18 x 
0 0 0 0 3.87 x 10" 1.94 x 10" 
0 0 0 0 3.87 x 1.94 x 10" 
0 0 1.89 x 9.43 x lo-' 2.13 x 1.06 x 

1.21 x lo-' 6.05 x 10" 4.82 x lo-' 2.41 x 10' 4.36 x lo-' 2.18 x 
0 0 0 0 3 . 3 9 ~  10" 1 . 6 9 ~  10" 
0 0 0 0 1.06 x 10" 5.32 x lo-' 

0 0 0 0 2.42 x 1.21 x lo-' 

Indeno( 1,2,3-cd)pyrene 0 0 0 0 1.50 x 7.50 x lo-' 
Uranium (Total) 2.49 x 10' 1.25 x lo-' 4.06 x lo-' 2.03 x 10' 7.19 x lo4 3.59 x lo4 

NC = Not Calculated. 
aBased on an annual average PMlO Emission Flux of 1.21 x lo6 g/s/m2, TSP Emission Flux of 2.42 x 
concentration in exposed soil. 

g/s/m2, and the COC 

i,, . I  ,-.. , 
- . <  

FER\CRU2FSWPDS\FSDSAIR.DOCApril 21. 1994 2:43pm D-5-1-28 



FEMP-OU02-4 DRAFT 
April 29. 1994 

TABLE D.5.1-7 

Rn-222 FL&S FROM RAECOM MODEL 

Emission Source 

~ ~~ 

Ra-226 
Concentration Rn-222 Flux 

(PCi/g) (pCi/s/m*) 

OU2 Active Flyash Pile - Exposed GMA 

OU2 Active Flyash Pile - Exposed Till 

OU2 Inactive Flyash Pile - Exposed GMA. 

OU2 Inactive Flyash Pile - Exposed Till 

OU2 South Field - Exposed GMA 

OU2 South Field - Exposed Till 

OU2 South Field - Exposed Fill (On-Property 
Disposal alternatives) 

OU2 Consolidation Area - IFP & SF End 

OU2 Consolidation Area - AFP End 

OU2 Solid Waste Landfill 

OU2 Lime Sludge Ponds 

OU2 On-Property Disposal Cell 

0.59 

1.14 

0.87 

1 .Ol 

0.68 

1.06 

9.21 

14.06 

4.61 

2.26 

3.15 

14.06 

2.62 x 10-1 

4.98 x 10-l 

5.05 x lo-' 

4.34 x 10-l 

1.03 x lo-' 

4.27 x lo2  

1.86 x 10' 

7.72 x 10-l 

2.51 x 10-l 

5.75 x 10-3 

1.77 x 

7.72 x IO-1 
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D.5.1.5 Meteorological Data 

Meteorological data characterizing the transport and dispersion conditions of an area are needed as 

input to the ISCLT2 model. These data include wind speed, wind direction, atmospheric stability, 

ambient air temperature, and mixing height. Measurements for all of these meteorological 

parameters, except mixing height, have been recorded at the FEMP site as part of a comprehensive 

environmental monitoring program since August 1986. 

Direct measurements of wind speed, wind direction, and ambient air temperature were taken at a 

height of 10 meters (30 feet) above the ground. Atmospheric stability was derived from direct 

measurements of the standard deviation of the horizontal wind direction (a,) during the day and the 

low-level temperature difference (AT) at night. Measurements of 0, were taken at a height of 

60 meters (180 feet) above the ground. The temperature difference was calculated from air 

temperature measurements taken at 60 and 10 meters (180 and 30 feet) above the ground. Site- 

specific hourly measurements were obtained for 1987 through 1992, excluding 1990 due to poor data 

recovery. A five-year composite joint frequency distribution of wind speed, wind direction, and 

atmospheric stability is presented in Attachment D.5.1-11. The composite distribution was used in the 0 
ISCLT2 dispersion model. 

Mixing heights were determined from twice daily atmospheric soundings made by the National 

Weather Service ( N W S ) .  The nearest N W S  station is in Dayton, Ohio. 

D.5.1.6 Receutor Locations 

As previously stated, the objective of the air transport analysis was to determine the maximum on-and 

off-property contaminant concentrations for risk assessment calculations. Two rectangular receptor 

grid systems were used to determine the maximum on-property concentrations and approximate 

locations. The first grid consisted of 676 receptor points in a 121.9 x 121.9 meter (400 x 400 foot) 

pattern which extended over the entire FEMP property. The 1927 State Planar coordinate system was 

used for origin and location. The second grid consisted of 360 receptor points also in a 121.9 x 

121.9 meter (400 x 400 foot) pattern located over the center of the FEMP. The second grid was 

offset 200 feet North and 200 feet East of the first grid, resulting in an effective 86.2 x 86.2 meter 

(283 x 283 foot) pattern over the center of the FEMP. 0 

7 
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Thirty-six fenceline receptor points located around the FEMP were included in the air transport 

analysis to identlfy the maximum off-property receptor. These fenceline receptor locations were 

determined from the intersection of the FEMP fenceline and imaginary lines extending in 36 

directions at lodegree intervals from a point located at 1,381,000 ft East and 480,000 ft North (1927 

State Planar coordinates). The analysis results for the fenceline receptor with the highest air quality 

impacts are reported as the maximum off-property concentrations in Section D.5.1.9. 

Figure D.5.1-3 shows the layout of the receptor grid considered in the air dispersion modeling. 

Because the concentrations were used primarily to estimate inhalation pathway risk for outdoor 

activities, the receptors were assumed to be 1.5 meters (5 feet) above the ground to simulate a typical 

person’s breathing height for outdoor activities (EPA 1989b). The variation of ground level 

concentration within 0 to 1.5 meters is negligible. 

D.5.1.7 Disuersion Coefficients 

The selection of rural or urban dispersion coefficients for use in the ISCLT2 model was based on a 

land-use typing procedure to determine whether the characteristics of the area around the FEMP are 

primarily rural or urban. The procedure involved classifying the land use within an area 

circumscribed by a 3 kilometer (1.9 mile) radius about the site. Urban dispersion coefficients were 

recommended for use if land-use types of heavy industrial, light-to-moderate industrial, commercial, 

single-compact residential, and multicompact residential account for 50 percent or more of the area. 

Otherwise, rural dispersion coefficients were recommended. 

A review of U.S. Geological Survey (USGS) maps and a site survey of the area indicated that 

industrial, commercial, and compact residential land use comprise no more than 10 percent of the 

area within a 3 kilometer (1.9 mile) radius of the site. Therefore, the area was classified as rural for 

12 

13 

15 

16 

17 

18 

19 

20 

21 

?? 

the purpose of air dispersion modeling, indicating the use of rural dispersion coefficients would be 23 

appropriate. 24 
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D.5.1.8 Model Outout Processing 

The air dispersion modeling analysis was simplified by running the ISCLT2 model with an assumed 

emission rate of 1.0 g/s/m2 or 1.0 pCi/s/m2 for each area source. The source group and plot file 

options of the ISCLT2 program were used to group sources and write the grouped results to a plot 

file. The ISCLT2 source group results were multiplied by the contaminant emission rates listed in 

Tables D.5.1-3 through D.5.1-7 to determine the contaminant-specific annual concentrations presented 

in Section D.5.1.10. Spreadsheets were used to calculate the contaminant-specific concentrations 

from the ISCLT2 model output and emissions data in Tables D.5.1-3 through D.5.1-7. The 373 area 

sources were combined into 13 source groups: 

1. Active Flyash Pile - Exposed GMA (26 sources) 

2. Active Flyash Pile - Exposed Till, ConsolidatiordContainment alternatives (36 sources) 

3. Active Flyash Pile - Exposed Till, Additional sources for On-Property Disposal Cell 
alternatives (2 1 sources) 

4. Inactive Flyash Pile - Exposed GMA (32 sources) 

5. Inactive Flyash Pile - Exposed Till (22 sources) 

6. South Field - Exposed GMA (40 sources) 

7. South Field - Exposed Till (43 sources) 

8. South Field - Exposed Fill, On-Property Disposal Cell alternatives (58 sources) 

9. Consolidation Area - IFP & SF End (49 sources for radon-222 emissions only) 

10. Consolidation Area - AFP End (22 sources for radon-222 emissions only) 

11. Solid Waste Landfill (4 sources for radon-222 emissions only) 

12. Lime Sludge Ponds (4 sources for radon-222 emissions only) 

13. On-Property Disposal Cell (16 sources for radon-222 emissions only) 

D.5.1.9 Results of Air DisDersion Modeling 

This section presents the modeled air concentration for each. contaminant. The values presented are 

the maximum on-subunit, maximum on-property , and maximum off-property (fenceline) concentration 

or deposition rate for each contaminant. 
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D.5.1.9.1 Consolidation/Containment Alternatives 1 

The modeled maximum annual average radionuclide concentrations for all exposure scenarios, except 

for the on-property resident farmer, under the ConsolidationKontainment alternatives are presented in 

Tables D.5.1-8 through D.5.1-10, and radionuclide deposition rates are presented in Tables D.5.1-11 

through D.5.1-13. The maximum annual average chemical concentrations for all exposure scenarios, 

deposition rates are presented in Tables D.5.1-17 through D.5.1-19. 

2 

3 

4 

5 

6 

7 

except the on-property farmer, are presented in Tables D.5.1-14 through D.5.1-16, and chemical 

The maximum annual average radionuclide and chemical concentrations for the on-property resident 

farmer scenario are presented in Tables D S.1-20 and D S.1-2 1, respectively. The maximum 

radionuclide and chemical deposition rates for the on-property farmer scenario are presented in Tables 

D.5.1-22 and D.5.1-23, respectively. 

Gaseous radon-222 emissions resulted in the highest activity concentrations of any radionuclide 

analyzed by at least three orders of magnitude. The maximum on-subunit and off-property (fenceline) 

concentrations of radon-222 were modeled at 3.76 and 0.173 pCi/m3, respectively, for the South 

Field. The location of the on-subunit maximum was 1,379,600 ft East and 478,000 ft  North (1927 

State Planar coordinates). The location of the off-property maximum was 1,378,210 ft  East and 

477,659 ft  North. 

0 

The maximum value is approximately three orders of magnitude below the EPA action level of 4000 

pCi/m3 (4 pCi/l) for indoor radon concentrations. The maximum value is over two orders of 

magnitude below the annual average U.S. residential radon concentration of 1250 pCi/m3 

(Marcinowski and Napolitano 1993). 

12 

13 

14 

15 

16 

17 

Modeled concentrations of uranium-238 typically represented one of the more prevalent radionuclides 22 

23 in the particulate phase. 

were modeled at 2.68 x 

The maximum on-subunit and off-property concentrations of uranium-238 

and 1.37 x lod pCi/m3, respectively, for the South Field. The location 24 

25 

26 

of the on-subunit maximum was 1,379,000 ft East and 477,600 ft North. The location of the off- 

property maximum was 1,378,520 ft East and 477,044 ft  North. 
... - 0 
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TABLE D.5.1-8 

RADIONUCLIDE CONCENTRATIONS IN AIR FROM THE SOUTH FIELD 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE 'COVER 

Radionuclide Maximum Maximum Maximum 
(pC i/m3) On-Subunit On-Property Off-Property 

CS-137 

Np-237 

Ra-226 

Ra-228 

Rn-222 

Tc-99 , 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

0 0 

2.81 x 10-5 1.22 x 10-5 

7.19 x 10" 3.21 x 10" 

6.60 x 10" 

3.76 x 10' 

0 

5.53 x 10" 

9 . 6 0 . ~  10" 

5.06 x 10" 

2.08 x 10-5 

2.68 x 10-5 

1.27 x 10" 

2.92 x 10" 

3.47 x 10' 

0 

2.44 x 10" 

3.94x 10" 

2.24 x 10" 

9.12 x 10" 

5.54 x 10-7 

1.17 x 10-5 

0 

1.30 x 

4.69 x 10-7 

3.98 x 10-7 

1.73 x lo-' 

0 

3.22 x 10-7 

6.78 x 10-7 

3.00 x 10-7 

1.08 x 10" 

6.26 x lo-* 

1.37 x 10" 

c'. 8. T r.- 
Q ( j & i S . S  
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TABLE D.5.1-9 

RADIONUCLIDE CONCENTRATIONS IN AIR FROM THE INACTIVE FLYASH PILE 
CONSOLIDATION/CONTAINNT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 

Radionuclide Maximum Maximum Maximum 
(pC iIm3) On-Subunit On-Property Off-Property 

CS- 137 

Np-237 

Ra-226 

Ra-228 

Rn-222 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 ' ' 

U-2351236 

U-238 

\ 0 

9.18.x 10-7 

4.74 x 10" 

3.18 x 10" 

2.52 x 10' 

0 

3.12 x 

1.01 x 10-5 

2.74 x 

5.28 x 10" ' 

3.83 x 10-7 

6.79 x 10" 

0 

8.60 x 10-7 

4.74 x 10" 

3.18 x 10" 

3.05 x 10' 

0 

3.12 x 

9.24 x 10" 

2.74 x 10" 

4.70 x 10" 

3.35 x 10-7 

5.82 x 10" 

0 

8.14 x 

4.32 x 10-7 

2.82 x 10-7 

2.82 x lo-' 

0 

2.63 x 10-7 

8.87 x 10-7 

2.31 10-7 

4.58 x 10-7 

5.80 x 10-7 

3.30 x 
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April29. 1994 

TABLE D.5.1-10 

RADIONUCLIDE CONCENTRATIONS IN AIR FROM THE ACTIVE FLYASH PILE 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 

-- ~ ~ _ _ _ _ _ ~  ~ 

Radionuclide Maximum Maximum Maximum 
(pCi/m3) On-Subunit On-Property Off-Property 

Np-237 1.34 x 10-5 9.65 x 10" 6.87 x 10-7 

Ra-226 7.54 x 10" 4.11 x 10" 3.22 x 10-7 

Ra-228 6.12 x 10" 3.37 x 10" 2.63 x 10-7 

Rn-222 3.45 x loo 1.94 x loo 1.73 x 10-l 

Tc-99 0 0 0 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

1.22 x 10-5 

1.77 x 10-5 

8.78 x 10" 

7.61 x 10" 

1.81 x 10-7 9.01 x 

7.46 x 10" 

6.79 x lod 

9.67 x 10" 

4.95 x 10" 

4.33 x 10" 

4.16 x 10" 

5.28 x 10-7 

7.58 x 10-7 

3.83 x 10-7 

3.34 x 10-7 

7.31 x 10-9 

3.23 x 10-7 

(J(JQS.S3: 
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April29, 1994 

TABLE D.5.1-11 

RADIONUCLIDE DEPOSITION RATES FROM THE SOUTH FIELD 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 

Radionuclide Maximum Maximum Maximum 
(pC i/m2/yr) On-Subunit On-Property Off-Property 

CS-137 

Np-237 

Ra-226 

Ra-228 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 a- U-2351236 

U-238 

a 

0 

8.94 x 10" 

2.38 x lo-' 

2.16 x lo-' 

0 

1.80 x lo-' 

3.24 x lo-' 

1.65 x lo-' 

6.70 x 10'' 

4.06 x 

8.61 x lo-' 
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. O  
4.48 x lo-' 

1.20 x lo-' 

1.09 x lo-' 

0 

9.07 x 10" 

1.49 x lo-' 

8.33 x 10" 

3.36 x lo-' 

2.04 x 10" 

4.32 x 10' 

0 

5.63 x 10" 

1.99 x 10" 

1.70 x 10" 

0 

1.38 x 10" 

2.86 x 

1.28 x 10" 

4.65 x 10" 

2.70 x 10-3 

5.91 x 
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TABLE D.5.1-12 

'RADIONUCLIDE DEPOSITION RATES FROM THE INACTIVE FLYASH PILE 
CONSOLIDATIONICONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 

Radionuclide Maximum Maximum Maximum 
(pC i/m*/yr) On-Subunit On-Property Off-Property 

CS- 137 0 0 0 

Np-237 3.16 x lo-' 3.16 x 10" 3.28 x 10-3 

Ra-226 1.74 x lo-' 1.74 x lo-' 1.74 x lo-' 

Ra-228 . 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

1.17 x lo-' 

0 

1.15 x lo-' 

3.41 x lo-' 

1.01 x lo-' 

1.78 x lo-' 

1.29 x 10" 

2.28 x lo-' 

1.17 x lo-' 

0 

1.15 x lo-' 

3.39 x lo-' 

1.01 x lo-' 

1.72 x lo-' 

1.23 x 10" 

2.13 x lo-' 

1.14 x 

0 

1.06 x 10" 

3.57 x lo-' 

9.34 x 10-3 

1.33 x 10-3 

1.84 x lo-' 

2.33 x 10" 
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TABLE D.5.1-13 

RADIONUCLIDE DEPOSITION RATES FROM THE ACTIVE FLYASH PILE 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 

Radionuclide Maximum Maximum Maximum 
(pCi/m*/yr) On-Subunit On-Property Of f-Pro pert y 

Np-237 

Ra-226 

Ra-228 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-235/236 

U-238 

5.13 x lo-' 

2.54 x lo-' 

2.07 x 10-1 

0 

4.15 x 10-1 

5.98 x lo-' 

3.00 x lo-' 

2.61 x lo-' 

5.88 x 10-3 

2.54 x lo-' 

3.88 x lo-' 

1.58 x lo-' 

1.30 x lo-' 

0 

2.62 x 10-l 

3.72 x lo-' 

1.91 x 10-l 

1.68 x lo-' 

3.40 x 10-3 

1.61 x 10-l 

2.78 x 10" 

1.27 x lo-' 

1.04 x 10" 

.O 
2.09 x 10' 

2.99 x 

1.51 x 10" 

1.32 x 

2.86 x 10" 

1.28 x 10" 
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TABLE D.5.1-14 

CHEMICAL CONCENTRATIONS IN AIR FROM THE SOUTH FIELD 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 

Chemical (pg/m3) 
Maximum Maximum Maximum 

On-Subunit On-Property Off-Property 

Aroclor 1254 

Aroclor 1260 

Arsenic 

Benzo(a)anthracene 

Benzo( a)p yrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Beryllium 

Chromium 

Chrysene 

Dibenzo(a,h)anthracene 

Dieldrin 

Indeno( 1,2 , 3cd)pyrene 

Uranium (Total) 

_______ ~~~ ~ _ _ _ _ _ _ _  ~~ 

0 0 0 

0 0 0 

5.44 x 10-5  2.44 10-5 3.77 x 

0 

0 

0 

0 

4.38 x 10" 

1.21 x lo4 

0 

0 

0 

0 

1.13 x lo4 

' .o 0 

0 0 

0 

0 

0 

0 

1.91 x 2.02 x 10-7 

5.33 x 10-5 6.60 x 

0 0 

0 0 

0 0 

0 0 

5.05 x 10-5 7.32 x 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

TABLE D.5.1-15 

CHEMICAL CONCENTRATIONS IN AIR FROM THE INACTIVE FLYASH PILE 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 

Maximum Maximum Maximum 
Chemical (pg/m3) On-Subunit On-Property Off-Property 

Arsenic 3.02 x 10-5  3.02 1 0 - 5  2.70 x 

Beryllium 5.87 x 10" 5.87 x 10" 5.15 x 10-7 

Dibenzo(a, h)anthracene 0 0 0 

Uranium (Total) 2.88 x 1 0 - 5  2.60 x 10-5 2.51 x 

TABLE D.5.1-16 

CHEMICAL CONCENTRATIONS IN AIR FROM THE ACTIVE FLYASH PILE 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
_ _ _ ~  ~ 

Chemical (pg/m') 
Maximum Maximum Maximum 
On-Subunit On-Property Off-Property 

Arsenic 

Beryllium 

Uranium (Total) 

1.47 x lo4 9.05 x 10-5  6.78 x 
1.94 x 10-5 1.29 x 10-5 9.40 x 10-7 

4.36 x lo5  2.67 10-5 2.01 x 
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April 29. 1994 

TABLE D.5.1-17 

CHEMICAL DEPOSITION RATES FROM THE SOUTH FIELD 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 

Maximum Maximum Maximum 
Chemical (pg/m2/yr) On-Subunit On-Property Off-Property 

Aroclor 1254 0 0 0 
Aroclor 1260 0 0 0 
Arsenic 1.81 x 10' 9.16 x 10-l 1.60 x lo-' 

Benzo(a)anthracene 0 0 0 
Benzo( a)p yrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Beryllium 

Chromium 

Chr ysene 

0 0 0 

0 0 0 

0 0 0 

1.39 x 10-l 6.98 x 8.78 x 10-3 

3.92 x 10' 1.97 x 10' 2.84 x lo-' 

0 0 0 
Dibenzo(a, h)anthracene 0 0 0 
Dieldrin 0 0 0 
Indeno( 1,2,3-~d)pyrene 0 0 0 
Uranium (Total) 3.75 x 10' 1.89 x 10' 3.11 x 10-l 

_. 
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April 29, 1994 

TABLE D.5.1-18 

CHEMICAL DEPOSITION RATES FROM THE INACTIVE FLYASH PILE 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 

Maximum Maximum Maximum 
Chemical (pg/m2/yr) On-Subunit On-Pro perty Off-Property 

Arsenic 1.11 x 10' 1.11 x 10' 1.09 x lo-' 

Beryllium 2.16 x lo-' 2.16 x lo-' 2.08 x lo-' 

Dibenzo(a,h)anthracene 

Uranium (Total) 

0 0 0 

9.71 x lo-' 9.52 x lo-' 1.01 x lo-' 

TABLE D.5.1-19 

CHEMICAL DEPOSITION RATES FROM THE ACTIVE FLYASH PILE 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER 

Maximum Maximum Maximum 
Chemical (pg/mz/yr) On-Subunit On-Property Off-Property 

Arsenic 5.32 x 10' 3.56 x 10' 2.71 x lo-' 

Beryllium 7.13 x lo-' 5.12 x 10-l 3.78 x lo* 

Uranium (Total) 1.55 x 10' 1.05 x 10' 8.00 x lo-' 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

TABLE D.5.1-20 

RADIONUCLIDE CONCENTRATIONS IN AIR FROM THE SOUTH FIELD 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

UNLIMITED EROSION WITH 50% VEGETATIVE COVER 

Radionuclide Maximum Maximum Maximum 
(pCi/m3) OnSubunit On-Property Off-Property 

(3-137 0 0 0 

Np-237 4.21 x 10' 1.83 x lo4 1.94 x 10-5 

Ra-226 9.45 x 10-5 4.21 x 10-5 6.16 x lo4 

Ra-228 

Rn-222 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

8.67 x 109 3.84 x 10-5 5.23 x 

3.76 x 10' 3.47 x loo 1.73 x lo-' 

0 

7.26 x 10-5 

6.65 x 10-5 . 

1.67 x 10-5 

1.26 x 10' 

2.74 x 10' 

3.52 x 10' 

0 0 

3.21 x 10-5 4.23 x 

5.17 x 10-5 8.91 x 

2.94 x 10-5 3.95 x 

1.20 x 10' 

7.28 x 10" 

1.54 x lod 

1.42 x 10-5 

8.22 x 10-7 

1.80 x 10-5 

, -  
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TABLE D.5.1-21 

RADIONUCLIDE DEPOSITION RATES FROM THE SOUTH FIELD 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

UNLIMITED EROSION WITH 50% VEGETATIVE COVER 

Radionuclide Maximum Maximum Maximum 
(pC i/m*/yr) OnSubunit On-Property ' Off-Property 

~~ 

CS-137 

Np-237 

Ra-226 

Ra-228 

Tc-99 ' 

Th-228 

Th-230 

Th-232 

U-238 

0 0 0 

1.34 x 10' 6.71 x 10' 8.43 x lo-' 

3.12 x 10' 1.58 x 10' 2.62 x lo-' 

2.84 x 10' 1.43 x 10' 2.23 x lo-' 

0 0 . o  
2.37 x 10' 1.19 x 10' 1.81 x 10" 

4.26 x 10' 1.96 x 10' 3.76 x lo-' 

2.17 x 10' 1.09 x 10' 1.69 x lo-' 

8.80 x 10' 4.42 x 10' 6.11 x lo-' 

5.33 x lo-' 2.68 x lo-' 3.55 x lo-z 

1.13 x 10' 5.68 x 10' 7.77-x 10' 
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TABLE D.5.1-22 

CHEMICAL CONCENTRATIONS IN AIR FROM THE SOUTH FIELD 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

UNLIMITED EROSION WITH 50% VEGETATIVE COVER 

Chemical (pg/m') 
Maximum Maximum Maximum . 

OnSubunit On-Pro perty Off-Property 

Aroclor 1254 

Aroclor 1260 

Arsenic 

Benzo( a)anthr acene 

Benzo( a)p yrene 

Benzo(b) fluor anthene 

Benzo( k) fluor anthene 

Beryllium 

Chromium 

Chrysene 

Dibenzo(a,h)anthracene 

Dieldrin 

Indeno( 1,2,3-~d)pyrene I 

Uranium (Total) 

0 0 0 

0 0 0 

7.15 x 10" 3.20 x 10" 4.95 x 

0 

0 

0 

0 

4.43 x 10-5 

1.59 x 10-3 

0 

0 

0 

0 

1.49 x 10-3 

0 

0 

0 

0 

1.93 x 10-5 

7.00 x lo4 

0 

0 

0 

0 

6.64 x 10" 

0 

0 

0 

0 

2.05 x 

8.68 x lo-' 

0 

0 

0 

0 

9.62 x l o s  
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TABLE .D S.1-23 

CHEMICAL DEPOSITION RATES FROM THE SOUTH FIELD 
CONSOLIDATION/CONTAINMENT ALTERNATIVES 

UNLIMITED EROSION WITH 50% VEGETATIVE COVER 

Chemical (pg/m*/yr) 
Maximum Maximum Maximum 

On-Subunit On-pro pert y 0 ff-Property 

Aroclor 1254 

Aroclor 1260 

Arsenic 

Benzo( a)anthr acene 

Benzo( a)p yrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Beryllium 

Chromium 

Chrysene 

Dibenzo(a,h)anthracene 

Dieldrin 

Indeno( 1,2,3cd)pyrene 

Uranium (Total) 

0 

0 

2.38 x 10' 

0 

0 

0 

0 

1.41 x 10' 

5.15 x 10' 

0 

0 

0 
0 

4.92 x 10' 
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0 

0 

1.20 x 10' 

0 

0 

0 

0 

7.06 x lo-' 
2.59 x 10' 

0 

0 

0 

0 

2.48 x 10' 

0 

0 

2.10 x loo 

0 

0 

0 

0 

8.88 x lo-' 

3.73 x loo 

0 

0 

0 

0 

4.09 x 10' 
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D.5.1.9.2 On-Propertv Disuosal Cell Alternatives 

The modeled maximum annual average radionuclide concentrations for all exposure scenarios, except 

for the on-property resident farmer, under the On-Property Disposal Cell alternatives are presented in 

Tables D.5.1-24 through D.5.1-26, and radionuclide deposition rates are presented in Tables D.5.1- 

27 through D.5.1-29. The maximum annual average chemical concentrations for all exposure 

scenarios, except the on-property farmer, are presented in Tables D.5.1-30 through D.5.1-32, and 

chemical deposition rates are presented in Tables D.5.1-33 through D.5.1-35. 

The maximum annual average radionuclide and chemical concentrations for the on-property resident 

farmer scenario are presented in Tables D.5.1-36 and D.5.1-37, respectively. The maximum 

radionuclide and chemical deposition rates for the on-property farmer scenario are presented in Tables 

D.5.1-38 and D.5.1-39, respectively. 

Gaseous radon-222 emissions resulted in the highest activity concentrations of any. radionuclide 

analyzed by at least three orders of magnitude. The maximum on-subunit and off-property (fenceline) 

concentrations of radon-222 were modeled at 12.6 and 1.18 pCi/m3, respectively, for the South Field. 

The location of the on-subunit maximum was 1,379,600 ft East and 478,000 ft North (1927 State 

Planar coordinates). The location of the off-property maximum was 1,383,274 ft  East and 478,091 ft 

North. 

- 

The maximum value is over two orders of magnitude below the EPA action level of 4000 pCi/m3 (4 

pCi/l) for indoor radon concentrations. The maximum value is approximately two orders of 

magnitude below the annual average U.S. residential radon concentration of 1250 pCi/m3 

(Marcinowski and Napolitano 1993). 

Modeled concentrations of uranium-238 typically represented one of the more prevalent radionuclides 

in the particulate phase. The maximum on-subunit and off-property concentrations of uranium-238 

were modeled at 4.31 x 10" and 1.63 x 

of the on-subunit maximum was 1,379,600 ft East and 478,000 ft North. The location of the off- 

property maximum was 1,378,210 ft East and 477,659 ft North. 

pCi/m3, respectively, for the South Field. The location 

12 

13 

15 

16 

17 

22 

23 

24 

25 

26 
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TABLE D.5.1-24 

RADIONUCLIDE CONCENTRATIONS IN AIR FROM THE SOUTH FIELD 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Radionuclide Maximum Maximum . Maximum 
(pC iIm3) On-Subunit On-Property Off-Property 

CS-137 5.11 x 10" 2 . 6 4 ~  10" 1.84 10-7 

Np-237 

Ra-226 

2.95 x 10-~  7.33 x 10" 1.38 x 

7.06 10-5 3.67 x 10'' 2.78 x 

Ra-228 1.69 10-5 8.85 x 10" 8.13 x 10-7 

Tc-99 6.65 x 10" 3.43 x 10" 2.93 x 10-7 

Th-228 1.47 10-5 7.70 x 10" 6.95 10-7 

Rn-222 1.26 x 10' 6.61 x 10' 1.18 x 10' 

Th-230 1.05 x lo4 5.47 105 4.09 x lo6  

Th-232 

U-234 

U-2351236 

U-238 

9.71 x 104 5.03 x lo5  3.65 x 10" 

5.86 x lo4 3.03 x lo4 2.17 x 10-5 

4.31 x lo4 2.23 x lo4 1.53 x 10-5 

3.04 x 10-5 1.57 x l o5  1.13 x 10" 

FER\CRU2FSWPD5\FSD5AIR.DOCApril 21, 1994 2:43pm D-5- 1-50 



FEMP-OU02-4 DRAFT 
April29, 1994 

TABLE D.5.1-25 

RADIONUCLIDE CONCENTRATIONS IN AIR FROM THE INACTIVE FLYASH PILE 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Radionuclide Maximum Maximum Maximum 
(pC i/m3) On-Subunit On-Property Off-Property 

CS-137 

Np-237 

Ra-226 

Ra-228 

Rn-222 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

0 0 0 

9.18 x 10-7 8.60 x 10-7 8.14 x 

4.74 x 10" 4.74 x 10" 4.32 10-7 

3.18 x 10" 

2.39 x 10' 

0 

3.12 x 

1.01 x 10-5 

2.74 x 10" 

5.28 x 10" 

3.83 x 10-7 

6.79 x 10" 

3.18 x 10" 

3.36 x 10' 

0 

3.12 x 10" 

9.24 x 

2.74 x 

4.70 x 10" 

3.35 x 10-7 

5.82 x 10" 

2.82 x 10-7 

1.23 x 10' 

0 

2.63 x 10-7 

8.87 x 10-7 

2.31 x 10-7 

4-58 x 10-7 

5.80 x 10-7 

3.30 x 

FER\CRU2FS\APPDS\FSDSAIR.DOCApril21, 1994 2:43pm D-5- 1-5 1 



TABLE D.5.1-26 
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April29, 1994 

RADIONUCLIDE CONCENTRATIONS IN AIR FROM THE ACTIVE FLYASH PILE 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Radionuclide Maximum Maximum Maximum 
(pCi/m3) On-Subunit On-pro pert y Off-Property 

Np-237 1.36 x 10-5 9.77 x 10" 7.02 x 10-7 

Ra-228 7.08 x 10" 3.93 x 10" 3.33 x 10-7 

Ra-226 8.82 x 10" 4.82 x 10" 4.11 x lo7 

Rn-222 3.52 x 10' 1.96 x 10' 4.09 x lo-' 

Tc-99 0 0 0 

Th-228 1.41 x 10-5 7.87 x 10" 6.64 x 10-7 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

2.07 x 10-5 1.13 10-5 9.67 x 10-7 

1.01 x 1 0 5  5 . 6 9 ~  10" 4.77 x 10-7 

8.67 x 4.96 x 4.12 x 10-7 

2.43 x 10-7 1.11 x 10-7 9.97 x 10-9 

8.58 x 10" 4.82 x 10" 4.05 x 10-7 

. .  

, .  . .  . .  
. .  . .  . ,, . 

FER\CRUZFSWPDS\FSDSAIR.DOCApril 21. 1994 243pm D-5-1-52 



FEMP-OU02-4 DRAFT 
April29. 1994 

TABLE D.5.1-27 

RADIONUCLIDE DEPOSITION RATES FROM THE SOUTH FIELD 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

LIMITED EROSION WITH 85% VEGETATIVE COVER ~ 

Radionuclide Maximum Maximum Maximum 
(pC iIm2/yr) On-Subunit On-Property Off-Property 

CS-137 

Np-237 

Ra-226 

Ra-228 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

1.64 x lo-' 

9.41 x 10-l 

2.28 x 10' 

5.61 x lo-' 

2.14 x 10-l 

4.87 x 10'' 

3.39 x 10' 

3.13 x 10' 

1.89 x 10' 

9.78 x lo-' 

1.39 x 10' 

9.74 x lo-z 

2.82 x lo-' 

1.36 x 10' 

3.31 x lo-' 

1.27 x lo-' 

2.87 x lo-' 

2.02 x loo 

1.86 x 10' 

1.12 x 101 

5.80 x lo-' 

8.24 x 10' 

7.66 x 10-3 

5.98 x lo-'. 

1.16 x lo-' 

3.50 x lo-' 

9.97 x 10-3 

2.96 x lo-' 

1.70 x lo-' 

1.52 x lo-' 

9.03 x lo-' 

4.70 x 10" 

6.77 x lo-' 
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FEMP-OU02-4 D m  
April29, 1994 

TABLE D.5.1-28 

RADIONUCLIDE DEPOSITION RATES FROM THE INACTIVE FLYASH PILE 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Radionuclide . Maximum Maximum Maximum 
(pCi/m*/yr) On-Subunit On-Property Off-Property 

CS-137 

Np-237 

Ra-226 

0 0 0 

3.16 x 3.16 x 3.28 x 10-3 

1.74 x lo-' 1.74 x lo-' 1.74 x 

Ra-228 

Tc-99 

Th-228 

Th-230 

1.17 x lo-' 

0 

1.15 x lo-' 

3.41 x lo-' 

1.17 x lo-' 1.14 x 

0 0 

1.06 x 10" 

3.57 x lo-2 

1.15 x lo-' 

3.39 x lo-' 

Th-232 1.01 x 10-l 1.01 x lo-' 9.34 x 10-3 

U-234 

U-2351236 

1.78 x lo-' 1.72 x lo-' 1.84 x 

1.29 x 10" 1.23 x 10" 1.33 x 10-3 

U-238 2.28 x lo-' 2.13 x lo-' 2.33 x 

.. . a 
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FEMP-OU02-4 DRAFT 
April 29, 1994 a 

TABLE D.5.1-29 

RADIONUCLIDE DEPOSITION RATES FROM THE ACTIVE FLYASH PILE 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Radionuclide Maximum Maximum Maximum 
(pCi/m21yr) On-Subunit On-Property Off-pro pert y 

Np7237 5.21 x 10" 3.93 x 10" 2.84 x lo-' 

Ra-226 3.19 x lo-' 1.86 x 10" 1.62 x 

Ra-228 2.55 x 18' 1.52 x lo-' 1.31 x 10" 

Tc-99 0 0 0 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

4.99 x lo-' 3.04 x lo-' 2.62 x 10" 

7.47 x 10'' 4.37 x lo-' 3.80 x 10" 

3.51 x lo-' 2.20 .x 10-l 1.88 x 

3.01 x lo-' 1.92 x lo-' 1.63 x lo-' 

8.69 x 10-3 4.23 x 10-3 3.89 x lo4 

3.03 x lo-' 1.86 x lo-' 1.60 x 

., ,.: .' 
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FEMP-OU02-4 DRAFT 
April29. 1994 

TABLE D.5.1-30 

CHEMICAL CONCENTRATIONS IN AIR FROM THE SOUTH FIELD 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Chemical (pg/m3) 
Maximum Maximum Maximum 

On-Subunit On-Property Off-Property 
~ 

Aroclor 1254 

Aroclor 1260 

Arsenic 

Benzo( a)anthracene 

Benzo( a)p yrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Beryllium 

Chromium 

c b s e n e  

Dibenzo( a,h)anthracene 

Dieldrin 

Indeno( 1,2,3-~d)pyrene 

Uranium (Total) 

2.59 x 10-7 

2.59 x 10-7 

8.14 x 10-5 

1.33 x 10-5 

1.18 x 10-5 

1.18 x 10-5 

8.13 x 

8.23 x 10" 
1.91 x lo4 
1.03 x 10-5 

3.25 x 10" 
7.17 x lo-* 
4.58 x 

2.23 x 10-3 

1.33 x 10-7 

1.33 x 10-7 

3.90 x 10-5 
4.20 x 
6.86 x 
6.10 x 
6.10 x 
4.28 x lod 
9.49 x 10-5 

5.34 x 

1.68 x 10" 
3.70 x 
2.36 x 10" 
1.16 x 10-3 

9.29 x 10-9 

9.29 10-9 

2.92 x 10-7 
4.78 x 10-7 

4.25 x 10-7 

4.25 x 10-7 

4.11 x 10-7 

1.05 x 10-5 

3.72 x 10-7 

1.17 x 10-7 

2.58 x 10-9 

1.65 x 10-7 

8.40 x 10-5 

5.26 x 
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FEW-OUo2-4 DRAFT 
April29, 1994 

TABLE D.5.1-31 

CHEMICAL CONCENTRATIONS IN AIR FROM THE INACTIVE FLYASH PILE 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Maximum Maximum Maximum 
Chemical (pg/m3) On-Subunit On-Property Off-Property 

Arsenic 3.02 x 10-5 3.02 x 10-5 2.70 x 

Beryllium 5.87 x 10" 5.87 x 10" 5.15 10-7 

Dibenzo(a,h)anthracene 0 0 0 

Uranium (Total) 2.88 x 10-5 2.60 x 10-5 2.51 x lo4 

TABLE D.5.1-32 

CHEMICAL CONCENTRATIONS IN AIR FROM THE ACTIVE FLYASH PILE 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Maximum Maximum Maximum 
Chemical (pg/m3) On-Subunit On-Property Off-Property 

Arsenic 1.62 x lo4 6.77 x 10-5 7.88 x 
Beryllium 2.05 x 10-5 6.51 x 10" 1.03 x 

Uranium (Total) 4.82 x 10-5 2.05 x 10-5 2.34 x 
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PEMP-OUM-4 D A 5 0 4  
April 29, 1994 

TABLE D.5.1-33 

CHEMICAL DEPOSITION RATES FROM THE SOUTH FIELD 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Maximum Maximum 
Chemical (pg/m*/yr) On-Subunit On-Property 

Aroclor 1254 8.31 x 10-3 4.92 10-3 

Aroclor 1260 8.31 x 10" 4.92 x 10-3 

Arsenic 2.71 x 10' 1.47 x 10' 

Benzo( a)anthracene 2.61 x lo-' 1.55 x lo-' 

Benzo(a)p yrene 4.27 x lo-' 2.53 x lo-' 

Benzo(b)fluoranthene 3.80 x lo-' 2.25 x lo-' 

Maximum 
Off-Property 

3.88 x IO4 
3.88 x lo4 

2.25 x lo-' 

1.22 x lo-' 

1.99 x lo-' 

1.77 x lo-' 

Benzo(k)fluoranthene 

Beryllium 

Chromium 

Chr y sene 

Dibenzo(a,h)anthracene 

3.80 x 10-l 2.25 x lo-' 1.77 x 10" 

2.75 x 10'' 1.60 x lo-' 1.70 x lo-' 

6.24 x loo . 3.56 x 10' 4.51 x lo-' 

3.32 x lo-' 1.97 x lo-' 1.55 x lo-' 

1.04 x lo-' 6.19 x 10" 4.87 x 10-3 

. Dieldrin 2.30 x 10-3 1.36 x 10" 1.07 x lo4 

Indeno( 1,2,3-cd)pyrene 1.47 x lo-' 8.72 x 10" 6.87 x 10-3 

Uranium (Total) 7.20 x 10' 4.28 x 10' 3.50 x 10' 
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FEMP-OU02-4 DRAFT 
April29, 1994 

TABLE D.5.1-34 

CHEMICAL DEPOSITION RATES FROM THE INACTIVE FLYASH PILE 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

' Chemical (pg/m2/yr) 
Maximum Maximum Maximum 

On-Subunit On-Property Off-Property 

Arsenic 

Beryllium 

Dibenzo(a, h)anthracene 

Uranium (Total) 

1.11 x 10' 1.11 x 10' 1.09 x 10" 

2.16 x 10-l 2.16 x lo-' 2.08 x 10" 

0 0 0 

1.01 x 10" 9.71 x lo-' 9.52 x 10-l 

TABLE D.5.1-35 

CHEMICAL DEPOSITION RATES FROM THE ACTIVE FLYASH PILE 

LIMITED EROSION WITH 85% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

__ ~ 

Chemical (pg/m2/yr) 
Maximum Maximum Maximum 
On-Subunit On-Property Off-Property 

Arsenic 

Beryllium 

Uranium (Total) 

5.78 x 10' 3.90 x 10' 3.13 x 10-l 

7.56 x 10-1 5.39 x 10-l 4.11 x 

1.72 x 10' 1.15 x loo 9.30 x lo-' 
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5504  

Radionuclide Maximum Maximum Maximum 
(pCi/m3) On-Subunit On-Property 0 ff-Property 

FEMP-OU02-4 DRAFT 
April29, 1994 

TABLE D.5.1-36 

RADIONUCLIDE CONCENTRATIONS IN AIR FROM THE SOUTH FIELD 

UNLIMITED EROSION WITH 50% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

CS- 137 

Np-237 

Ra-226 

Ra-228 

Rn-222 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

6.72 x 10-5 3.47 1 0 5  2.41 x 

-4.40 x 10" 1.07 x 10" 2.05 x 10-5 

9.28 x 10" 

2.21 x 10" 

3.76 x 10' 

8.74 x 10-5 

1.38 x 10-3 . 

1.28 x 10-3 

7.70 x 10-3 

1.96 x lo4 

3.99 x 10" 

5.85 x lo3 

, 
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4.83 x 10" 

1.16 x 10" 

3.47 x loo 

4.51 10-5 

1.03 x 10" 

7.18 x 10" 

6.61 x 10" 

3.98 x 10-3 

3.03 x 10-3 

2.07 x 10" 

3.65 x 10-5 

1.07 x lo5 

1.73 x 10-I 

3.15 x 

9.27 x 

5.38 x 10-5 

4.79 x 10-5 

1.48 x 10-5 

2.85 x 10" 

2.21 x 10" 



FEMP-OU02-4 DRAFT 
April29, 1994 

TABLE D.5.1-37 

RADIONUCLIDE DEPOSITION RATES FROM THE SOUTH FIELD 

UNLIMITED EROSION WITH 50% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

. 

Radionuclide Maximum Maximum Maximum 
(pCiIm*/yr) OnSubunit On-Property Off-Property 

CS-137 

Np-237 

Ra-226 

Ra-228 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-2351236 

U-238 

2.16 x 10' 

1.40 x 10' 

3.00 x 10' 

7.34 x 10' 

2.81 x 10' 

6.52 x 10' 

4.46 x 10' 

4.11 x 10' 

2.48 x 102 

1.28 x 10' 

1.89 x 102 

1.28 x 10' 

4.13 x 10' 

1.79 x 10' 

4.33 x 10' 

1.66 x 10' 

3.85 x 10' 

2.66 x 10' 

2.44 x 10' 

1.47 x 102 

7.63 x 10'' 

1.12 x 102 

1.01 x 10-l 

8.88 x lo-' 

1.52 x 10' 

4.59 x 10-l 

1.31 x lo-' 

3.94 x 10-l 

2.24 x 10' 

2.00 x 10' 

1.19 x io' 
6.18 x 'lo-' 

9.19 x 10' 

. .  
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5so  4 
FEMP-OU02-4 DRAFT 

April29, 1994 

TABLE D.5.138 

CHEMICAL CONCENTRATIONS IN AIR FROM THE SOUTH FIELD 

UNLIMITED EROSION WITH 50% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Chemical (pglm') 
Maximum Maximum Maximum 

On-Subunit On-pro pert y Off-Property 

Aroclor 1254 

Aroclor 1260 

Arsenic 

Benzo( a)anthracene 

Benzo(a)p yrene . 

Benzo(b)fluoranthene 

Benzo( k)fluoranthene 

Beryllium 

Chromium 

Chrysene 

Dibenzo(a, h)anthracene 

Dieldrin 

Indeno( 1,2,3cd)pyrene 

Uranium (Total) 

5.06 x 10" 

3.69 x 10" 

1.07 x 10-3 

1.07 x 10" 

6.09 x 10" 

1.55 x 10" 

1.55 x 10" 

7.59 x 10-5 

2.51 x 104 

4.27 x 10-5 

9.42 x 10-7 

6.02 x 10-5 

1.36 x 10" 

2.94 x lo9 
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2.63 x 10" 

1.90 x 10" 

5.12 x 10" 

5.51 x 10-5 

8.02 x 10-5 

8.02 x 10-5 

3.94 x 10-5 

1.25 x 10-3 

7.02 x 10-5 

2.21 x 10-5 

4.86 x 10-7 

'3.1 1 x 10-5 

1.99 x lo4 

1.52 x 10" 

2.59 x 10-7 

1.33 x 10-7 

6.91 10-5 

2.89 x 10-5 

3.84 x 10" 

5.58 x 

5.58 x 

3.89 x 

1.37 x 10" 

4.88 x 

1.53 x 

3.38 x lo-* 

2.16 x 

1.10 x 10-3 



FEMP-OU02-4 DRAFT 
April 29, 1994 

TABLE D.5.1-39 

CHEMICAL DEPOSITION RATES FROM THE SOUTH FIELD 

UNLIMITED EROSION WITH 50% VEGETATIVE COVER 
ON-PROPERTY DISPOSAL CELL ALTERNATIVES 

Maximum Maximum Maximum 
Chemical (pg/m*/yr) On-Subunit On-Property Off-Property 

Aroclor 1254 1.70 x lo-' 9.82 x 1.08 x 

Aroclor 1260 

Arsenic 

Benzo( a)anthr acene 

Benzo(a)p yrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Beryllium 

Chromium 

Chrysene 

Dibenzo( a, h)anthracene 

Dieldrin 

Indeno( 1,2 , 3-cd)p yrene 

Uranium (Total) 

1.19 x lo-' 

3.56 x 10' 

3.43 x 10' 

1.95 x 10' 

4.99 x 10' 

4.99 x 10' 

2.54 x 10' 

8.19 x 10' 

4.37 x 10' 

1.37 x 10' 

7.03 x 10" 

1.94 x 10' 

2.03 x 10' 

7.57 x 10' 

2.96 x 10' 

2.96 x 10' 

1.47 x 10' 

4.68 x 10' 

2.59 x 10' 

8.14 x 10" 

5.53 10-3 

2.95 x 10' 

1.60 x lo-' 

1.26 x 10' 

2.33 x lo-' 

2.33 x lo-' 

1.62 x lo-' 

5.93 x 10' 

2.04 x lo-'. 

6.40 x 10" 

3.03 x 10" 1.79 x 10" 1.41 x 10-3 

1.93 x 10' 1.15 x 10' 9.02 x 10" 

9.46 x 102 5.62 x 102 4.60 x 10' 
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ATTACHMENT D.5.1-I 

RAECOM MODEL OUTPUT 

. 



PEMP-OU02-4 DRAFT 

On2 RESIDUAL EMISSIONS: AFP, -EXPOSED BLA 

*********e INPUT PARAMgTERS *******e**  

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .2624 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 

1 300. .3682E-01 -6750 .3000E-06 22.40 
(cm) ( cm2 /SEC 1 (pCi/ cm3 / sec (dry wt. % I  

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. 

(cm) (pCi/m2 /sec I (pCi/ li ter 

1 300. .2624E+OO .0000E+00 

MIC 

.7845 
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FEMP-OU02-4 DRAFT 
April29, 1994 

OU2 RESIDUAL EMISSIONS: AFP, EXPOSED TILL 
*******e** INPUT P-TERS *********e 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 
BARE SOURCE FLUX (JO) FROM LAYER 1: .4977 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 

1 300. .2180E-01 .6140 .8000E-06 26.00 
(cm) (cm2/SEC) ( pC i / cm3 / s ec 1 (dry w t .  %) 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. 

(cm) (pCi/m2 /set) (pCi/ li ter 1 

1 300. .4977E+00 .0000E+00 

MIC 

' -6734 

FER\CRUZFSWPDS\FSDSAIR.DOCApril 21. 1994 2:43pm D-5-1-1-2 



FEMP-OU02-4 DRAFT 
April 29, 1994 

OU2 RESIDUAL EMISSIONS: AFP, CLAY CAP 

******e*** I N P m  PARAMETERS *******e** 

NUMBER OF LAYERS: 3 
RADON FLUX INTO LAYER 1: .OOO pCi/m2/sec 
SURFACE RADON CONCENTRATION: - 0 0 0  pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: 1.928 pCi/m2/sec 

DIFF COEFF POROSITY SOURCE MOISTURE LAYER THICKNESS 
(cm) (cm2/SEC) (pCi/ cm3 / sec 1 (dry wt. %) 

1 300. .2180E-01 .6140 .3100E-05 26.00 
2 30. .2180E-01 .6140 .0000E+00 26.00 
3 60. .6747E-02 .4130 .0000E+00 15.80 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYkR THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) ( pCi /m2 / s e c 1 (pCi/li ter 1 

1 300. .7321E+OO .9158E+O4 .6734 
2 30. .4046E+OO .7893E+04 .6734 
3 60. .2506E+OO .0000E+00 .5513 
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FEMP-OU02-4 D m  
April 29, 1994 

OU2 RESIDUAL ENISSIONS: IFP, EXPOSED GMA 

***.***e*** INPUT PARAMETERS ********** 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .SO47 pCi/m2/sec 

DIFF COEFF POROSITY SOURCE MOISTURE LAYER THICKNESS 
(cm) (cm2/SEC) ( pC i / cm3 / s ec 1 (dry w t .  %) 

1 300. .22761-01 -5420 .9000E-06 16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. 

(cm) (pCl/m2 /set) (pCi/liter) 

1 300. .5047E+OO .0000E+00 

MIC 

.7147 
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FEMP-OU024 DRAFT 
April 29, 1994 

OU2 RESIDUAL EMISSIONS: IFP, EXPOSED TILL 
*******e** INPUT P-T~RS *e******** 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 
BARE SOURCE FLUX (JO) FROM LAYER 1: .4339 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
( cm2 /SEC 1 (pCi/cm3/sec) . (dry w t .  %) 

30.10 
(cm) 

1 300. .3350E-01 .6990 .5000E-06 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) (pCi/m2 / sec 1 (pCi/liter) 

1 300. .4339E+00 .0000E+00 -7410 
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5 5 0 4  
FEMP-OU02-4 DRAFT 

April 29, 1994 

OW2 RESIDUAL ENISSIONS: IFP, CLAY CAP 
*********e INPUT PARAMETERS *********e 

NUMBER OF LAWZRS: 3 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: 16.83 pCi/m2/sec 

MOISTURE LAYER THICKNESS DIFF COEFF POROSITY . SOURCE 
(a) ( cm2 /SEC) (p~i/cm3/sec) ' (d ry  wt. %) 

1 300. .3350E-01 .6990 -19403-04 30.10 
2 30. .335OE-O1 .6990 .0000E+00 30.10 

15.80 3 60. .6747E-02 .4130 . OOOOE+OO 
***** RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX 
(a) (pCi/m2/sec) 

EXIT CONC. 
(pCi/liter) 

MIC 

1 300. .5348E+01 .6303E+05 -7410 
2 30. .26973+01 .5790E+05 -7410 
3 60. .1671E+01 .0000E+00 -5513 

, ? :,,- --c ---.I _I . . .  
. ~. . .. 
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FEMP-OU02-4 DRAFT 
April29, 1994 

OU2 RESIDUAL EMISSIONS: SF, EXPOSED GMA 
*****e**** INPUT PARAMgTERS *********e 

N[JMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .lo30 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 

1 300. .65503-03 .3240 .1800E-05 14.90 
(cm) (cm2/SEC) ( pCi/ cm3 / sec 1 (dry wt. %) 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) (pCi/m2 /set) (pCi/liter) 

1 300. .1030E+00 .0000E+00 .3789 

FEFt\CRUZFSWPDS\FSD5AIR.DOCApril 21. 1994 2:43pm D-5-1-1-7 



PEMP-OU02-4 DRAFT 
April29, 1994 

002 RESIDUAL EMISSIONS: SF, EXPOSED TILL 
****e***** INPUT PARAMETERS ********** 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 

LAYER 1 EXCEEDS SATURATION. MOISTURE CHANGED FROM .216 TO .186 

BARE SOURCE FLUX (Jo) FROM LAYER 1: .4269E-OlpCi/m2/sec 

POROSITY SOURCE MOISTURE LAYER THICKNESS DIFF COEFF 
(cm) (cm2/SEC) ( pC i / cm3 / s ec ( d r y  w t .  %) 

1 300. .4650E- 04 .3360 .27003-05 18 -55 

***** RESULTS OF RADON DIFFUSION CALCUIATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. 

(cm) (pCi/m2 / sec 1 (pCi/liter 

1 300. .4269E-01 .0000E+00 

MIC 

-2 674 

. - -.- e 
, 
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FEMP-OU02-4 DRAFT 
April29, 1994 

OU2 RESIDUAL EMISSIONS: SF, EXPOSED FILL 
*********e INPUT PARAMETERS ********I* 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: - 0 0 0  pCi/m2/sec. 
SURFACE RADON CONCENTRATION: - 0 0 0  pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: 1.855 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 

1 300. .1662E-02 .4310 .153OE-O4 22.00 
(dry wt. e,) (a) (cmZ/SEC) (pCi/ cm3 / sec 1 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/m2 / sec 1 (pCi/li ter) 

1 300. .1855E+O1 .0000E+00 -4197 

FER\CRUZFSWPDS\FSD5AIR.DOCApril 21, 1994 2:43pm D-5- 1-1-9 
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FEMP-OU02-4 D F M T  
April 29, 1994 

NUMBER OF LAYERS: 3 
RADON FLUX INTO LAYER 1: , 0 0 0  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: 4.353 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 

1 300. .1662E-O2 .4310 .359OE-O4 22.00 
2 30. .1662E-O2 .4310 .0000E+00 22.00 
3 60. .6747E-02 -4130 .0000E+00 15.80 

(cm) ( cm2 / SEC 1 (pCi/cm3 /see 1 (dry w t .  (ti) 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) (pCi/m2 / sec 1 (pCi/ li ter 1 

1 300. .2312E+O1 .8013E+05 .4197 
2 30. .1144E+01 .1391E+O5 .4197 
3 -  60. .7087E+00 .0000E+00 .5513 

FER\CRUZFSWPDS\FSDSAIR.DOCApril 21. 1994 2:43pm D-5-1-1- 10 



FEMP-OUO2-4 DRAFT 
April 29, 1994. 

OU2 RESIDUAL EMISSIONS: SWL, IN SITU CONTAINMENT 
***e****** INPUT PARAMETERS *****e**** 

NUMBER OF LAYERS: 3 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCI/LITER 

LAYER 1 EXCEEDS SATURATION. MOISTURE 

LAYER 2 EXCEEDS SATURATION. MOISTURE 

CHANGED FROM .160 TO -143 

CHANGED FROM .160 TO .143 

BARE SOURCE FLUX (Jo) FROM LAYER 1: .8737E-OlpCi/m2/sec 

POROSITY SOURCE MOISTURE LAYER THICKNESS DIFF COEFF 
(cm) (cm2/SEC) (pCi/cm3 / sec 1 (dry w t .  %) 

1 300. .4056E- 04 .2800 .7100E-05 14.26 
2 30. .4056E-O4 .2800 .0000E+00 14.26 
3 60. .6747E-02 .4130 .0000E+00 15.80 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) (pCi/m2 /sec 1 (pCi/liter) 

1 300. .4368E-01 
2 30. .9291E-04 
3 60. .5754E-O4 

.1690E+05 .2 674 

.7197B+OO -2674 

.0000E+00 -5513 

FER\CRU2FSWPDS\FSD5AIR.DOCApril 21, 1994 2:43pm D-5- 1 -I- 1 1 



FEMP-OU02-4 D W  
April29, 1994 

NUMBER OF LAYERS: 
RADON FLUX INTO LAYER 1: 
SURFACE RADON CONCENTRATION: 

LAYER 1 EXCEEDS SATURATION. MOISTURE 

3 
. O O O  pCi/m2/sec 
. O O O  pCi/LITER 

CHANGED FROM .312 TO .220 

LAYER 2 EXCEEDS SATURATION. MOISTURE CHANGED FROM -312 TO .220 

BARE SOURCE FLUX (Jo) FROM LAYER 1: .1230 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
( d r y  wt. %) (cm) ( cm2 /SEC) ( pC i / cm3 / sec 

1 300. .518 9E- 04 .3750 .6600E-05 22.00 
2 30. .5189E-O4 .3750 .0000E+00 22.00 
3 60. -6747E-02 .413 0 .0000E+00 15.80 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) (pCi/m2 / sec (pCi/liter 1 

1 300. -6151E-01 .1571E+05 .2 674 
2 30. .2858E-O3 .2214E+O1 .2674 
3 60. .177OE-O3 .0000E+00 -5513 

FER\CRU2FSWPD5\FSD5ARDOCApd 21, 1994 2:43pm D-51-1-12 
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ATTACHMENT D.5.1-I1 

FIVE-YEAR COMPOSITE JOINT FREQUENCY DISTRIBUTION FOR THE FEMP 



Stability 
C l a s s  

Wind 
Direction 

B 

Wind Speed (kts) 
s3 s 6  SI0 $16 $21 221 

C 

N 
NNE . 
NE 
ENE 
E 
ESE 
SE 
SSE 
S ssw sw wsw 
W 
WNW 
Nw 
NNW 

FEMP-OU02-4 D W  FEMP STANDARD 

JOINT FREQUENCY DISTRIBUTION 
April29. 1994 

0.000029 0.000817 0.000700 0.000117 0.000000 0.000000 
0.000117 '0.000525 0.000496 0.000058 0.000000 0.000000 
0.000350 0.000963 0.000613 0.000058 0.000000 0.000000 
0.000321 0.001459 0.000554 0.000146 0.000000 0.000000 
0.000467 0.000671 0.000175 0.000029 0.000000 0.000000 
0.000263 0.000263 0.000029 0.000000 0.000000 0.000000 
0.000233 0.000204 0.000029 0.000000 0.000000 0.000000 
0.000263 0.000467 0.000088 0.000029 0.000000 0.000000 
0.000408 0.001138 0.000321 0.000000 0.000000 0.000000 
0.000525 0.001546 0.001313 0.000175 0.000000 0.000000 
0.000613 0.002042 0.002071 0.000233 0.000000 0.000000 
0.000613 0.001692 0.001284 0.000175 0.000000 0.000000 
0.000671 0.001167 0.001225 0.000146 0.000000 0.000000 
0.000233 0.000788 0.000875 0.000204 0.000000 0.000000 
0.000263 0.000671 0.001021 0.000204 0.000000 0.000000 
0.000146 0.000642 0.000904 0.000088 0.000000 0.000000 

August 30, 1993 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw sw wsw 
W 
WNW 
Nw 
NNW 

0.000263 
0.000292 
0.000817 
0.00143-0 
0.001050 
0.000700 
0.000467 
0.000583 
0.000700 
0.001021 
0.001284 
0.001750 
0.000992 
0.000613 
0.000583 
0.000350 

0.000904 
0.001546 
0.002888 
0.004434 
0.002013 
0.000817 
0.000438 
0.000554 
0.001575 
0.004347 
0.005076 
0.004755 
0.003880 
0.001809 
0.001575 
0.001313 

0.000904 
0.000671 
0.001196 
0.002042 
0.000204 
0.000058 
0.000000 
0.000000 
0.001196 
0.003793 
0.004755 
0.003647 
0.003267 
0.002626 
0.001400 
0.001284 

0.000058 
0.000000 
0.000029 
0.000117 
0.000146 
0.000000 
0.000000 
0.000000 
0.000000 
0.000146 
0.000554 
0.000204 
0.000467 
0.000525 
0.000117 
0.000058 

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0.000000 
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  

N 
NNE 
NE 
ENE 
E 

ESE 
SE 
SSE 
S ssw sw 

wsw 
W 
WNW 
Nw 

NNW 

0.000204 
0.000175 
0.000408 
0.000700 
0.001050 
0.000671 
0.000321 
0.000146 
0.000321 
0.000554 
0.000904 
0.000759 
0.000788 
0.000321 
0.000233 
0.000233 

0.000846 
0.001313 
0.001488 
0.001721 
0.000875 
0.000583 
0.000467 
0.000467 
0.001167 
0.001750 
0.002742 
0.002421 
0.001284 
0.001342 
0.001342 
0.001079 

0.001079 
0.000729 
0.001021 
0.000438 
0.000204 
0.000058 
0.000088 
0.000058 
0.000554 
0.001575 
0.001750 
0.001254 
0.001138 
0.001254 
0.001138 

9 0.000963 

0.000233 
0.000058 
0.000088 
0.000263 
0.000058 
0.000000 
0.000000 
0.000058 
0.000058 
0.000058 
0.000175 
0.000204 
0.000321 
0.000204 
0.000117 
0.. 000029 

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0.000000 
0.000000 
0.000000 
0.000029 
0.000000 
0.000000 
0.000000 
0.000000 
0.000029 
0.000000 

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  

e 
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Stability 
Class 

D 

E 

F 

Wind 
Direction 

N 
NNE 
NE 
ENE 
E 

ESE 
SE 
SSE 

S 
s s w  
s w  

w s w  
W 

WNW 
Nw 
NNW 

N 
NNE 
NE 
ENE 
E 

ESE 
SE 
SSE 

S 
s s w  
s w  

w s w  
W 

WNW 
Nw 

N N W  

N 
NNE 
NE 
ENE 
E 

ESE 
SE 
SSE 

S 
s s w  
s w  

w s w  
W 

WNW 
Nw 
NNW 

FEMP STANDARD 

JOINT FREQUENCY DISTRIBUTION 

August 30, 1993 

FEMP-OUM-4 D W  
April29, 1994 

Wind Speed (kts) 
53 56 510 516 521 221 

0 . 0 0 2 1 0 1  
0 .002830 
0 .004464 
0 . 0 0 6 3 3 1  
0 . 0 0 4 4 9 3  
0 . 0 0 3 2 3 8  
0 . 0 0 2 6 2 6  
0 . 0 0 2 8 0 1  
0 .003063 
0 .005806 
0 .007848 
0 .008373 
0 .007060 
0 .004785 
0 .003734 
0 .002976 

0 . 0 0 8 7 2 3  0 .009219 
0 . 0 1 0 5 3 2  0 .008256 
0 . 0 1 3 4 2 0  0 .007498 
0 . 0 1 7 8 2 5  0 . 0 0 9 1 6 1  
0 . 0 0 6 1 2 7  0 .001079 
0 . 0 0 2 9 7 6  0 .000117 
0 . 0 0 2 6 2 6  0 .000350 
0 . 0 0 3 6 1 8  0 . 0 0 1 1 0 9  
0 . 0 0 6 5 9 3  0 . 0 0 2 8 8 8  
0 . 0 1 4 0 9 1  0 . 0 0 7 4 3 9  
0 . 0 1 4 4 7 0  0 .008023 
0 . 0 1 1 2 0 3  0 . 0 0 6 2 7 2  
0 . 0 1 1 5 5 3  0 . 0 0 9 4 8 2  
0 . 0 1 0 4 1 5  0 . 0 1 0 6 1 9  
0 .009044 0 . 0 0 7 2 6 4  
0 . 0 0 8 8 4 0  0 . 0 0 5 6 3 1  

0 .001079 
0 .001138 
0 .000496 
0 . 0 0 2 0 4 2  
0 .000088 
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 .000204 
0 . 0 0 0 3 2 1  
0 .001809 
0 .001050 
0 . 0 0 1 1 6 7  
0 .001430 
0 .001546 
0 . 0 0 0 9 6 3  
0 . 0 0 1 0 5 0  

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 .000058 
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 8 8  
0 .000058 

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  

0.003618 
0 .002596 
0 .002976 
0 .008694 
0 .008198 
0 . 0 0 4 7 8 5  
0 . 0 0 4 8 4 3  
0 .005572 
0 io06973 
0 .011582 
0 . 0 1 8 4 9 6  
0 .017796 
0 .012486 

0 .008344 
0 .006214 

0 :009482 

0 .003880 
0 .003092 
0 . 0 0 3 4 7 2  
0 . 0 0 9 2 1 9  
0 .002742 
0 . 0 0 1 2 5 4  
0 . 0 0 1 7 2 1  
0 . 0 0 3 4 1 3  
0 . 0 0 7 6 7 3  
0 . 0 1 4 0 3 3  
0 . 0 1 8 2 6 3  
0 .010328 
0 . 0 1 0 0 0 7  
0 .007614 
0 .004668 
0 .003822 

0 .000759 
0 .000788 
0 .000438 
0 .001809 
0 .000233 
0 .000146 
0 .000292 
0 .001284 
0 . 0 0 3 3 5 5  
0 .006798 
0 .007410 
0 .003297 
0 . 0 0 4 1 4 3  
0 . 0 0 3 2 9 7  
0 . 0 0 1 1 0 9  
0 . 0 0 1 0 7 9  

0 . 0 0 0 0 2 9  
0 . 0 0 0 1 7 5  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 .000204 
0 .000642 
0 .001692 
0 . 0 0 0 6 7 1  
0 .000642 
0 . 0 0 0 1 4 6  
0 . 0 0 0 5 8 3  
0 . 0 0 0 1 7 5  
0 . 0 0 0 2 6 3  

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0.00000.0 
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . '000000 
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  

0.004988 
0 . 0 0 5 2 5 1  
0 .005076 
0 . 0 0 9 1 0 2  
0 . 0 1 3 3 6 1  
0 .008927 
0 .005922 
0 .005456 
0 . 0 0 7 0 0 2  
0 . 0 1 1 8 1 5  
0 .019576 
0 . 0 2 6 8 1 1  
0 .029757 
0 .029319 
0 .022785 
0 .011523 

0 . 0 0 0 1 1 7  
0 . 0 0 0 0 8 8  
0 . 0 0 0 1 1 7  
0 . 0 0 1 6 0 5  
0 . 0 0 0 9 0 4  
0 . 0 0 0 0 5 8  
0 . 0 0 0 3 2 1  
0 . 0 0 0 1 7 5  
0 . 0 0 0 4 6 7  
0 .001196 
0 :002101 
0 . 0 0 1 8 6 7  
0 . 0 0 0 6 7 1  
0 . 0 0 0 2 3 3  
0 .000758 
0 .000876 

0 . 0 0 0 0 0 0  
0 .000029 
0 . 0 0 0 0 0 0  
0 .000117 
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 .000000 
0 .000263 
0 . 0 0 0 0 2 9  
0 . 0 0 0 0 5 8  
0 . 0 0 0 0 2 9  
0 . 0 0 0 0 2 9  
0 . 0 0 0 0 5 8  
0 . 0 0 0 0 5 8  

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 .000000  
0 .000000  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 .0 '00000 
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  

0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 * 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  
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FEMP-OU02-4 tr,5&# D 
.a 

April29, 1994 

D.5.2 SHORT-TERM AIR TRANSPORT MODELING FOR REMEDIAL EXCAVATION 

This section presents the approach, methodology, and results of the short-term air transport analysis 

of the Operable Unit 2 preferred remedial alternatives. The objective of this analysis was to 

determine the maximum occupational air concentrations of contaminants released to the atmosphere 

during excavation of the Operable Unit 2 subunits. .These concentrations were used for the 

occupational exposure risk assessment described in this FS. 

This analysis was conducted in accordance with Section 6.3.1.1 of the FEMP Risk Assessment Work 

Plan Addendum (RAWPA) (DOE 1992). The methodology uses a dust loading factor and 

contaminant concentrations in exposed soil to estimate airborne contaminant concentrations. The 

model uses the following equations to calculate air concentrations (DOE 1992): 

where 

(radionuclides) C, = (D,)(C,) 
(chemicals) Ca = (D,)(Cs)(CF) 

C, . = Contaminant concentration in air (pCi/m3); (mg/m3) 
D, = Dust loading factor (g of soil/m3 of air) 
C, = Contaminant concentrations in soil (pCi/g); (pg/g) 
CF = Conversion .factor (lo" mg/pg) 

The default dust loading factors presented in RAWPA for various activities are (DOE 1992): 

Construction work = 6 x 10" g/m3 
Construction traffic = 4 x lo4 g/m3 
Farming = 2 x 10" g/m3 
Other activities = 1 x 10" g/m3 

To generate worst case 8-hour average occupational exposure point concentrations, the dust loading 

factor for construction work was used for all calculations. 

The exposure point concentrations in air were calculated separately for surface and subsurface soil 

concentrations. The surface and subsurface soil concentrations used in the analysis are presented in 

Tables D.5.2-1 and D.5.2-2, respectively. The calculated air concentrations for exposure to surface 

and subsurface soil are presented in Tables D.5.2-3 and D.5.24. 

O(?OSili;;Q 
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FEMP-OU02-4 DRAFT 
April 29, 1994 

TABLE D.5.2-1 

CONTAMINANT SOURCE TERM CONCENTRATIONS IN SURFACE SOIL' 

Contaminant 

Solid Lime Active Inactive 
Waste Sludge Flyash Flyash 

Landfill Ponds Pile Pile South Field 

Radionuclides (pCi/g) 

CS- 137 

Np-237 

Pu-238 

Pu-239 

Pu-240 

Ra-226 

Ra-228 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

u-235 

U-236 

u-238 

0.257 

1.189 

0.772 

0.082 

0.082 

1.397 

1.681 

0.955 

NC 

1.626 

6.476 

1.511 

42.120 

2.838 

2.838 

77.150 

0.702 

0,72 

0.576 

0.135 

0.135 

1.919 

1.639 

0.785 

NC 

2.910 

44.800 

1.306 

21.003 

1.743 

1.743 

71.388 

NC 

5.500 

0.700 

0.300 

* 0.300 

4.600 

3.200 

4.500 

NC 

3.800 

3.700 

2.700 

3.600 

0.200 

0.200 

3.600 

0.462 

0.797 

0.081 

0.021 

0.021 

1.975 

2.242 

0.870 

NC 

2.710 

2.770 

2.330 

8.649 

0.420 

0.420 

8.867 

0.499 

0.228 

0.120 

0.051 

0.051 

30.800 

3.880 

1.000 

142.000 

4.410 

13.800 

3.990 

8.658 

0.419 

0.419 

9.311 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

See footnotes at end of table. 
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FEMP-OUM-4 DRAFT 
April 29. 1994 

TABLE D.5.2-1 (continued) 

Contaminant 

~~ 

Solid Lime Active Inactive 
Waste Sludge Flyash Flyash 

Landfill Ponds Pile Pile South Field 

Inorganics (mg/kg) 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt . 

Copper 

Cyanide 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Thorium (Total) 

Uranium (Total) 

Vanadium 

zinc 

NC 

6.668 

91.280 

0.698 

0.850 

15.460 

7.714 

29.750 

NC 

, 19.010 

623.400 

NC 

. 5.818 

17.620 

0.420 

5.993 

NC 

13.780 

225.200 

33.600 

61.340 

NC 

7.190 

93.709 

1.518 

1.200 

. 16.579 

9.707 

36.000 

0.820 

27.563 

1210.000 

0.270 

1.600 

22.100 

0.370 

NC 

NC 

25.100 

214.320 

26.250 

62.195 

2.100 

89.800 

253.900 

4.700 

NC 

13.300 

18.800 

73.800 

0.300 

55.400 

463.000 

NC 

8.600 

40.100 

5.900 

NC 

2.700 

22.000 

12.600 

50.200 

78.300 

NC 

33.200 

85.670 

2.273 

3.100 

11.360 

7.889 

33.950 

0.700 

23.930 

656.000 

NC 

7.200 

17.330 

8.200 

4.386 

NC 

21.400 

26.200 

25.570 

47.820 

1.900 

7.268 

90.770 

0.942 

NC 

13.900 

13.900 

16.620 

0.320 

24.580 

2650.000 

NC 

6.200 

17.100 

0.720 

5.384 

NC 

36.700 

29.580 

26.590 

52.730 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

li. 1' 

14 

15 

16 

17 

18 

19 

20 

21 

22 

See footnotes at end of table. 
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. FEMP-OU02-4 DRAFT 
April'29, 1994 

TABLE D.5.2-1 (continued) 

Contaminant 

~ ~~ ~~ ~ ~~ ~ ~ 

Solid Lime Active Inactive 
Waste Sludge Flyash Flyash 

Landfill Ponds Pile Pile South Field 

Organics, Pesticides and PCBs 
(mg/kg) 

2-Methylnaphthalene 

4,4-DDE 

Acenaphthylene 

Aroclor-1254 

Aroclor-1260 

B enzo (a) anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo (k) fluor anthene 

Bis(2-ethylhexy1)phthalate 

Carbazole 

Chrysene 

Dieldrin 

Di-n-octyl phthalate 

Dibenzo(a,h)anthracene 

Dibenzofuran 

Endrin ketone 

Indeno( 1,2,3-cd)pyrene 

Methylene chloride 

Phenanthrene 

NC = Not characterized. 

'From OU2 RI Report (DOE 1994). 

NC 

0.012 

NC 

NC 

NC 

0.366 

0.340 

0.710 

0.500 

0.385 

0.048 

0.077 

0.453 

NC 

NC 

0.200 

0.056 

NC 

0.480 

NC 

0.531 

NC 

NC 

NC 

0.590 

NC 

0.910 

1.100 

1.000 

0.630 

0.800 

10.000 

0.140 

1.100 

NC 

0.087 

0.320 

0.042 

NC 

0.720 

NC 

1.600 

.. 
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NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

0.160 

NC 

1.800 

NC 

. NC 

NC 

NC 

NC 

NC 

NC 

NC 

0.510 

NC 

NC 

NC 

2.200 

0.250 

NC 

NC 

NC 

NC 

NC 

NC 

1.200 

0.089 

0.052 

5.500 

9.400 

6.200 

6.200 

7.300 

0.110 

0.170 

6.000 

0.010 

NC 

1.900 

0.130 

0.006 

6.000 

0.005 

2.300 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



5504. 
FEMP-OUM-4 D m  

April 29, 1994 

TABLE D.5.2-2 

CONTAMINANT SOURCE TERM CONCENTRATIONS IN SUBSURFACE SOIL' 

Contaminant 

Solid Lime Active Inactive 
Waste Sludge Flyash Flyash 

Landfill Ponds Pile Pile South Field 1 

Radionuclides (pCi/g) 

cs-137 

Np-237 

Pb-210 

Pu-238 

Pu-239 

Pu-240 

Ra-224 

Ra-226 

Ra-228 

Ru-106 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

u-235 

U-236 

U-238 

See footnotes at end of table. 

0.250 

0.357 

1.030 

0.328 

0.680 

0.680 

2.140 

1.550 

2.560 

NC 

1.580 

0.454 

3.390 

12.300 

3.590 

97.000 

1.890 

6.200 

170.000 

0.165 

0.338 

NC 

0.209 

0.084 

0.084 

NC 

1.422 

1.470 

NC 

0.841 

0.890 

1.460 

7.750 

1.070 

5.348 

0.376 

0.376 

6.535 

NC 

0.450 

1.630 

0.123 

0.110 

0.110 

3.740 

5.240 

4.336 

NC 

0.964 

NC 

5.790 

5.717 

3.866 

8.903 

0.600 

3.520 

6.911 

0.240 

0.489 

6.014 

0.270 

0.130 

0.130 

3.133 

2.919 

1.656 

1.300 

0.560 

0.900 

1.661 

4.263 

1.495 

28.720 

12.700 

2.017 

30.420 

0.240 

0.489 

6.014 

0.270 

0.130 

0.130 

3.133 

2.919 

1.656 

1.300 

0.560 

0.900 

1.661 

4.263 

1.495 

28.720 

12.700 

2.017 

30.420 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

14 

15 

16 

17 

18 

19 

20 

21 
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FEMP-OU202-4 DRAFT 
April 29, 1994 

TABLE D.5.2-2 (continued) 

Contaminant 

Solid Lime Active Inactive 
Waste Sludge Flyash . Flyash 

Landfill Ponds Pile Pile South Field 

Inorganics (mg/kg) 1.  

Antimony 22.000 23.800 2.000 18.700 18.700 2 

Arsenic 13.800 6.814 64.270 12.060 12.060 3 

Barium 

Beryllium 

Boron 

Cadmium 

' Chromium 

Cobalt 

Copper 

Cyanide 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Thorium (Total) 

Uranium (Total) 

Vanadium 

zinc 

107.910 

1.075 

31.133 

1.691 

20.140 

11.800 

29.000 

0.500 

28.300 

1130.000 

0.240 

10.080 

41.000 

0.480 

15.500 

0.600 

75.600 

1770.000 

29.660 

54.930 

96.248 

1.020 

37.000 

1.312 

28.100 

10.333 

24.954 

0.820 

104.000 

974.000 

0.440 

8.200 

19.150 

0.260 

21.700 

0.330 

9.840 

20.564 

24.234 

58.521 

389.100 

3.375 

NC 

0.790 

19.700 

15.160 

53.480 

0.327 

45.350 

340.000 

0.190 

10.670 

29.240 

8.667 

NC 

2.084 

35.070 

29.960 

37.390 

79.320 

181.300 

1.438 

30.750 

1.216 

16.770 

9.369 

29.810 

0.780 

28.080 

525.300 

0.440 

6.694 

23.450 

4.100 . 

5.244 

0.880 

13.650 

103.840 

27.680 

66.440 

181.300 

1.438 

30.750 

1.216 

16.770 . 

9.369 

29.810 

0.780 

28.080 

525.300 

0.440 

6.694 

23.450 

4.100 

5.244 

0.880 

13.650 

103.840 

27.680 

66.440 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

See footnotes at end of table. 
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5 5 0 4  
FEMP-OU202-4 DRAFT 

April 29, 1994 

TABLE D.5.2-2 (continued) 

Solid Lime Active Inactive 
Waste Sludge Flyash * Flyash 

Contaminant Landfill Ponds Pile Pile South Field 

Organics, Pesticides and PCBs 
(mg/kg) 

1,2-Dichloroethane 

1,2-Diethylbenzene 

Hep tachlorodibenzo-p-dioxin 

Hep tachlorodibenzofur an 

1,4-Dioxane 

2-Hexanone 

2-Methylnaphthalene 

4,4-DDD 

Acenaphthylene 

Acetonitrile 

Acrylonitrile 

Arodor-12% 

Aroclor-1260 

Benzene 

Benzo(a)anthracene 

Benzo( a)pyrene 

Benzo@)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Bis(2-ethylhexy1)phthalate 

1,2,3,4,6,7,8- 

1,2,3,4,6,7,8- 

See footnotes at end of table. 

0.006 

NC 

0.00038 

0.000073 

12.900 

0.001 

0.100 

0.004 

2.500 

NC 

NC 

0.050 

0.080 

0.003 

7.500 

8.200 

1.500 

0.490 

0.740 

1.700 

NC 

0.041 

NC 

NC 

NC 

0.002 

NC 

NC 

NC 

0.200 

0.200 

0.043 

NC 

NC 

0.001 

0.001 

0.002 

0.170 

0.002 

0.655 

0.007 

0.010 

NC 

NC 

NC 

NC 

0.160 

NC 

NC 

NC 

NC 

NC 

NC 

0.002 

NC 

NC 

NC 

NC 

NC 

2.700 

NC 

NC 

NC 

NC 

NC 

0.003 

0.056 

NC 

0.410 

NC 

NC 

0.430 

0.089 

NC 

0.130 

0.110 

0.140 

0.059 

0.084 

0.860 

NC 

NC 

NC 

NC 

NC 

0.003 

0.056 

NC 

0.410 

NC 

NC 

0.430 

0.089 

NC 

0.130 

0.110 

0.140 

0.059 

0.084 

0.860 

1 

2 

3 

4 

5 
6 

7 
8 

9 

10 

11 

12 

13 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
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FEMP-OU202-4 DRAFT 
April29, 1994 

TABLE D.5.2-2 (continued) 

Contaminant 

Solid Lime Active Inactive 
Waste Sludge Flyash Flyash 

Landfill Ponds Pile Pile South Field 

Carbazole 

Chlordane 

Chloroform 

Chrysene 

Dieldrin 

Di-n-octyl phthalate 

Dibenzo( a,h)anthracene 

Dibenzofuran 

Dichlorodifluoromethane 

Endosulfan sulfate 

Endrin ketone 

Hexane 

Indeno( 1,2,3-cd)pyrene 

Methylene chloride 

Octachlorodibenzo-p-dioxin 

Pentachlorophenol 

Phenanthrene 

Tetrachloroethene 

Tributyl phosphate 

Trichloroethene 

Vinvl chloride 

4.200 

NC 

NC 

5.600 

0.013 

0.055 

0.250 

0.340 

0.576 

0.006 

0.006 

NC 

5.500 

0.006 

0.0137 

NC 

4.800 

0.001 

NC 

NC 

0.002 

NC 

NC 

NC 

0.043 

NC 

0.087 

0.110 

NC 

NC 

NC 

NC 

0.020 

0.210 

0.031 

NC 

NC 

0.082 

NC 

NC 

NC 

NC 

NC 

NC 

0.007 

NC 

NC 

3.000 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

0.200 

NC 

0.056 

0.072 

NC 

NC 

NC 

0.015 

NC = Not characterized. 

"From OU2 RI Report (DOE 1994). 

0.001 

0.007 

0.003 

0.150 

0.016 

0.210 

0.002 

NC 

NC 

NC 

0.005 

NC 

0.046 

0.054 

0.004 

NC 

0.210 

0.001 

0.200 

0.002 

NC 

0.001 

0.007 , 

0.003 

0.150 

0.016 

0.210 

0.002 

NC 

NC 

NC 

0.005 

NC 

0.046 

0.054 

0.004 

NC 

0.210 

0.001 

0.200 

0.002 

NC 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

'- . 
r . .  
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5 5 0 4  
FEMP-OU02-4 DRAFT 

April 29. 1994 

TABLE D.5.2-3 

OCCUPATIONAL EXPOSURE AIR CONCENTRATIONS 
BASED ON SURFACE SOIL SOURCE T E M  

Contaminant 

Solid Lime Active Inactive 
Waste Sludge Flyash Flyash 

Landtill Ponds Pile Pile South Field 

Radionuclides (pCi/m’) 

CS-137 1.54E-04 

Np-237 

Pu-238 

Pu-239 

Pu-240 

Ra-226 

Ra-228 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

u-234 

u-235 

U:236 

U-238 

7.l3E-04 

4.63E-04 

4.92E-05 

4.92E-05 

8.38B-04 

1.01E-03 

5.73E-04 

NC 

9.76E-04 

3.89E-03 

9.07E-04 

2.53E-02 

1.70E-03 

1.70E-03 

4.63E-02 

4.21E-04 

4.32B-04 

3.46B-04 

8.10E-05 

8.10E-05 

1.15E-03 

9.83E-04 

4.71E-04 

NC 

1.793-03 

2.69E-02 

7.84E-04 

1.26E-02 

1.05E-03 

1.05E-03 

4.28E-02 

NC 

3.30E-03 

4.20B-04 

1.80E-04 

1.80E-04 

2.768-03 

1.92E-03 

2.7OE-03 

NC 

2.28E-03 

2.22E-03 

1.62E-03 

2.16E-03 

1.20E-04 

1.20E-04 

2.16E-03 

2.77E-04 

4.78E-04 

4.86B-05 

1.26E-05 

1.26E-05 

1.19E-03 

1.35E-03 

5.22E-04 

NC 

1.63E-03 

1.66E-03 

1.40E-03 

5.19B-03 

2.52B-04 

2.52B-04 

5.32E-03 

2.99E-04 

1.37E-04 

7.2OB-05 

3.06B-05 

3.06B-05 

1.85E-02 

2.33E-03 

6.00E-04 

8.52E-02 

2.65E-03 

8.28E-03 

2.39E-03 

5.19B-03 

2.51B-04 

2.51E-04 

5.59E-03 

a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

18 13 

14 

15 

16 

17 

18 

See footnotes at end of table. 
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FEMP-OU02-4 DRAFI 
April29, 1994 

TABLE D.5.2-3 (continued) 

Solid Lime Active Inactive 
Waste Sludge Flyash Flyash 

Contaminant Landfill Ponds Pile Pile South Field 

Inorganics (mg/m3) 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Cyanide 

Lead ' 

Manganese a Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Thorium (Total) 

Uranium (Total) 

Vanadium 

zinc 

See footnotes at end of table. 

NC 

4.00E-06 

5.48E-05 

4.19E-07 

5.10E-07 

9.28E-06 

4.63E-06 

1.79E-05 

NC 

1.14E-05 

3.74E-04 

NC 

3.49E-06 

1.06E-05 

2.52E-07 

3.60E-06 

NC 

8.27E-06 

1.35E-04 

2.02E-05 

3.68E-05 

NC 

4.3E-06 

5.62E-05 

9.llE-07 

7.20E-07 

9.95E-06 

5.82E-06 

2.16E-05 

4.92E-07 

1.65E-05 

7.26E-04 

1.62E-07 

9.60E-07 

1.338-05 

2.22E-07 

NC 

NC 

1.51E-05 

1.29E-04 

1.58E-05 

3.73E-05 
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1.26E-06 

5.39E-05 

1.52E-04 

2.82E-06 

NC 

7.98E-06 

1.l3E-05 

4.43E-05 

1.80E-07 

3.32E-05 

2.78E-04 

NC 

5.16E-06 

2.41E-05 

3.54E-06 

NC 

1.62E-06 

1.32E-05 

7.56E-06 

3.01E-05 

4.7OE-05 

NC 

1.99E-05 

4.15E-05 

1.36E-06 

1.86E-06 

6.82E-06 

4.73E-06 

2.04E-05 

4.20E-07 

1.44E-05 

3.94E-04 

NC 

4.32E-06 

1.04E-05 

4.92E-06 

2.63E-06 

NC 

1.28E-05 

1.57E-05 

1.53E-05 

2.87E-05 

000989 

1.14E-06 

4.36E-06 

5.45E-05 

5.65E-07 

NC 

8.34E-06 

8.34E-06 

9.97E-06 

1.92E-07 

1.47E-05 

1.59E-03 

NC 

3.72E-06 

1.03E-05 

4.32E-07 

3.23E-06 

NC 

2.20E-05 

1.77E-05 

1.60E-05 

3.16E-05 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 



FEMP-OU02-4 DRAFT 
April29, 1994 

TABLE D.5.2-3 (continued) 

Contaminant 

Solid Lime Active Inactive 
Waste Sludge Flyash Flyash 

Landfill Ponds Pile Pile South Field 

Organics, Pesticides and PCBs 
(mg/m3) 

2-Methylnaphthalene 

4,4-DDE 

Acenaphthylene 

Aroclor-1254 

Aroclor-1260 

Benzo(a)anthracene 

Benzo( a)pyrene 

Benzo(b) fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k) fluoranthene 

Bis(2-ethylhexy1)phthalate 

Carbazole 

Chrysene 

Dieldrin 

Di-n-octyl phthalate 

Dibenzo( a,h)anthracene 

Dibenzofuran 

Endrin ketone 

Indeno( lY2,3-cd)pyrene 

Methylene chloride 

Phenanthrene 

NC 

7.20E-09 

NC 

NC 

NC 

2.20E-07 

2.04E-07 

4.26E'-07 

3.00E-07 

2.31E-07 

2.88E-08 

4.62E-08 

2.72E-07 

NC 

NC 

1.20E-07 

3.36B-08 

NC 

2.88E-07 

NC 

3.19E-07 

NC 

NC 

NC 

3.54E-07 

NC 

5.46E-07 

6.60E-07 

6.OOE-07 

3.78E-07 

4.80E-07 

6.00E-06 

8.40B-08 

6.60E-07 

NC 

5.22E-08 

1.92E-07 

2.52E-08 

NC 

4.32E-07 

NC 

9.60E-07 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

9.60E-08 

NC 

1.08E-06 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

3.06E-07 

NC 

NC 

NC 

1.32E-06 

1.50E-07 

NC 

NC 

NC 

NC 

NC 

NC 

7.20E-07 

5.34E-08 

3.12E-08 

3.3OE-06 

5.64E-06 

3.72E-06 

3.72E-06 

4.38E-06 

6.60E-08 

1.02E-07 

3.60E-06 

6.00E-09 

- NC 

1.14E-06 

7.80E-08 

3.60E-09 

3.60E-06 

3.00E-09 

1.38E-06 
_____ ~ ~~~~ ____ 

NC = Not calculated. 

'Calculated based on 600 pg/m3 dust loading factor. 

- 
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TABLE D.5.2-4 

OCCUPATIONAL EXPOSURE AIR CONCENTRATIONS 
BASED ON SUBSURFACE SOIL SOURCE T E W  

Contaminant 

Solid Lime Active Inactive 
Waste Sludge Flyash Flyash ' 

Landfill Ponds Pile Pile South Field 1 

Radionuclides (pCi/m') 

CS-137 

Np-237 

Pb-210 

Pu-238 

Pu-239 

Pu-240 

Ra-224 

Ra-226 

Ra-228 

Ru-106 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-235 

U-236 

u-238 

See footnotes at end of table. 
a 

1.50E-04 

2.11E-04 

6.18E-04 

1.97E-04 

4.08E-04 

4.08E-04 

1.28B-03 

9.30E-04 

1.54E-03 

NC 

9.48E-04 

2.72E-04 

2.03E-03 

7.38E-03 

2.15E-03 

5.82B-02 

1.13E-03 

3.72E-03 

1.20E-01 

9.90E-05 

2.03E-04 

NC 

1.25E-04 

5.04E-05 

5.04E-05 

NC 

8.53E-04 

8.82E-04 

NC 

5.05E-04 

5.34B-04 

8.76E-04 

4.65E-03 

6.42E-04 

3.21E-03 

2.26E-04 

2.26B-04 

3.92E-03 

FER\CRU2FSWP-D5\2FSAIRST.DOC\April 21. 1994 2:41pm D-5-2- 12 

NC 

2.70E-04 

9.78844 

7.38E-05 

6.60E-05 

6.60E-05 

2.24E-03 

2.14E-03 

2.60E-03 

NC 

5.78E-04 

NC 

3.47E-03 

3.43E-03 

2;32E-03 

5.34E-03 

3.60E-04 

2.11E-03 

4.132-03 

1.44E-04 

2.93E-04 

3.61E-03 

1.62E-04 

7.80E-05 

7.80E-05 

1.88E-03 

1.7%-03 

9.94E-04 

7.80E-04 

3.36E-04 

5.40E-04 

9.97E-04 

2.56E-03 

8.97E-04 

1.72E-02 

7.62E-03 

1.21E-03 

1.83E-02 

2 

1.44E-04 3 

2.93E-04 4 

3.61E-03 5 

1.62E-04 6 

7.80E-05 1 7 

7.80E-05 

1.88E-03 

1.75E-03 

9.94E-04 

7.80E-04 

3.36E-04 

5.40E-04 

9.97E-04 

2.56E-03 

8.97E-04 

1.72E-02 

7.62E-03 

1.21E-03 

1.83E-02 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 



FEMP-OU02-4- RAFT 
April29, 1994 

TABLE D.5.2-4 (continued) 

Contaminant 

Solid Lime Active Inactive 
Waste Sludge Flyash Flyash 

Landfill Ponds Pile Pile South Field 

Inorganics (mg/m3) 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Cyanide 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Thorium (Total) 

Uranium (Total) 

Vanadium 

zinc 

1.32E-05 

8.28E-06 

6.47E-05 

6.45E-07 

1.87E-05 

1.01E-06 

1.21E-05 

7.08E-06 

1.74E-05 

3.00E-07 

1.70E-05 

6.78E-04 

1.44E-07 

6.05E-06 

2.46E-05 

2.88E-07 

9.30E-06 

3.60E-07 

4.54E-05 

1.06E-03 

1.78E-05 

3.3OE-05 

1.43E-05 

4.09E-06 

5.77E-05 

6.12E-07 

2.22E-05 

7.87E-07 

1.69E-05 

6.20E-06 

1.50E-05 

4.92E-07 

6.24E-05 

5.84E-04 

2.64E-07 

4.92E-06 

1.15E-05 

1.56E-07 

1.30E-05 

1.98E-07 

5.90E-06 

1.23E-05 

1.45E-05 

3.51E-05 

1.20E-06 

3.86E-05 

2.33E-04 

2.03E-06 

NC 

4.74E-07 

1.18E-05 

9.10E-06 

3.21E-05 

1.96E-07 

2.72E-05 

2.04E-04 

1.14E-07 

6.40E-06 

1.75E-05 

5.20E-06 

NC 

1.25E-06 

2.10E-05 

1.80E-05 

2.24E-05 

4.76E-05 

1.12E-05 

7.24E-06 

1.09E-04 

8.63E-07 

1.85E-05 

7.30E-07 

1.01E-05 

5.62E-06 

1.79E-05 

4.68E-07 

1.68E-05 

3.l5E-04 

2.64E-07 

4.02E-06 

1.41E-05 

2.46E-06 

3.133-06 

5.28E-07 

8.19E-06 

6.23E-05 

1.66E-05 

3.99E-05 

1.12E-05 

7.24E-06 

1.09E-04 

8.63E-07 

1.85E-05 

7.30E-07 

- 1.01E-05 

5.62E-06 

1.79E-05 

4.68E-07 

1.68E-05 

3.14E-04 

2.64E-07 

4.02E-06 

1.41E-05 

2.46E-06 

3.15E-06 

5.28E-07 

8.19E-06 

6.23E-05 

1.66E-05 

3.99E-05 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

See footnotes at end of table. 
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TABLE D.5.2-4 (continued) 

Solid Lime 
Waste Sludge 

Landfill Ponds . 

Active Inactive 
Flyash Flyash 

Pile Pile South Field Contaminant 

Organics, Pesticides and PCBs 1 

(mg/m’) 2 

1,2-Dichloroethane 3.60E-09 NC 4.20E-09 NC NC 3 

1,2-Diethylbenzene 

1,2,3,4,6,7,8- 
Heptachlorodibenzo-p-dioxin 

Heptachlorodibenzofuran 

1,4-Dioxane 

2-Hexanone 

2-Methylnaphthalene 

4,4-DDD 

1,2,3,4,6,7,8- 

NC 

2.28E-10 

2.46E-08 

NC 

6.00E-09 

NC 

NC 

NC 

NC 

NC 

4 

5 

6 

4.38E-11 NC NC NC NC 7 

8 

7.74E-06 

6.00E-10 

6.00E-08 

2.40E-09 

1.50E-06 

NC 

NC 

3.00E-08 

4.80E-08 

1.80E-09 

4.50B-06 

4.92E-06 

9.00E-07 

2.94E-07 

4.44E-07 

1.02E-06 

NC 

1.20E-09 

NC 

NC 

NC 

1.20E-07 

1.20E-07 

2.58E-08 

NC 

NC 

6.00E-10 

6.00E-10 

1.20E-09 

1.02E-07 

1.20E-09 

NC 

NC 

9.60B-08 

NC 

NC 

NC 

NC 

NC 

NC 

1.20E-09 

NC 

NC 

NC 

NC 

NC 

1.62E-06 

NC 

1.80E-09 

3.36E-08 

NC 

2.46B-07 

NC 

NC 

2.58B-07 

NC 

1.80E-09 

3.36E-08 

NC 

2.46E-07 

NC 

NC 

2.58E-07 

5.34E-08 

NC 

7.80E-08 

6.60E-08 

8.40B-08 

3.54E-08 

5.04E-08 

5.16B-07 

9 

10 

11 

12 

Acenaphthylene 

Acetonitrile 

13 

14 

Acrylonitrile 

Aroclor-1254 

Aroclor-1260 

15 

16 

5.34E-08 17 

Benzene 

Benzo( a)anthracene 

Benzo(a)pyrene 

Benzo(b) fluoranthene 

Benzo(g,h,i)perylene 

B enzo (k) fluoranthene 

Bis(2-ethylhexy1)phthalate 

NC 18 

7.80E-08 

6.60E-08 

8.40E-08 

3.54E-08 

5.04E-08 

5.16E-07 

19 

20 

21 

22 

23 

3.93E-07 24 

a See footnotes at end of table. , 
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D.5.2-4 (continued) 

Contaminant 

Solid t ime Active Inactive 
Waste Sludge Flyash Flyash 

Landfill Ponds Pile Pile South Field 

Carbazole 

Chlordane 

Chloroform 

Chrysene 

Dieldrin 

Di-n-octyl phthalate 

Dibenzo(a,h)anthracene 

Dibenzofuran 

Dichlorodifluoromethane 

Endosulfan sulfate 

Endrin ketone 

Hexane ' 

Indeno( 1,2,3-cd)pyrene 

Methylene chloride 

Octachlorodibenzo-p-dioxin 

Pentachlorophenol 

Phenanthrene 

Tetrachlor oethene 

Tributyl phosphate 

Trichloroethene 

Vinyl chloride 

2.52B-06 

NC 

NC 

3.36B-06 

7.80B-09 

3.30B-08 

1.50E-07 

2.04B-07 

3.46E-07 

3.6OB-09 

3.60B-09 

NC 

3.30B-06 

3.60B-09 

8.22B-09 

NC 

2.88B-06 

6.00E-10 

NC 

NC 

1.20E-09 

NC = Not calculated. 

"Calculated based on 600 pg/m3 dust loading factor. 

NC 

NC 

NC 

2.58E-08 

NC 

5.22E-08 

6.60E-08 

NC 

NC 

NC 

NC 

1.20E-08 

1.26B-07 

1.86B-08 

NC 

NC 

4.92E-08 

NC 

NC 

NC 

NC 

NC 

NC 

4.20B-09 

NC 

NC 

1.80E-06 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

1.20E-07 

NC 

3.36E-08 

4.32B-08 

NC 

NC 

NC 

9.00E-09 

6.00E- 10 

4.20B-09 

1.80E-09 

9.00E-08 

9.60B-09 

1.26B-07 

1.20E-09 

NC 

NC 

NC 

3.00E-09 

NC 

2.76E-08 

3.24B-08 

2.40B-09 

NC 

1.26B-07 

6.00E-10 

1.20E-07 

1.20E-09 

NC 

6.00E-10 

4.20E-09 

1.80E-09 

9.00E-08 

9.60E-09 

1.26E-07 

1.20E-09 

NC 

NC 

NC 

3.00E-09 

NC 

2.76E-08 

3.24E-08 

2.40B-09 

NC 

1.26B-07 

6.00E-10 

1.20E-07 

1.20E-09 

NC 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
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