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EXECUTIVE SUMMARY 

This report summarizes results of the 1301-N and 1325-N Liquid Waste Disposal Facilities 
limited field investigation (LFI) and qualitative risk assessment (QRA). Efforts have focused on 
providing information to support decisions regarding both immediate and long-term remedial 
actions for the protection of human health and the environment. Site investigation data, site 
conceptual model refinement, and evaluation of potential threats to human health and 
groundwater resources have been presented in this report. 

The 1301-N and 1325-N facilities are former liquid waste disposal sites in the 100-NR-l 
Operable Unit (OU) at Hanford's 100-N Area. These facilities received radioactive effluent 
discharges along with some hazardous wastes. The facilities are classified as Treatment, Storage 
and Disposal Facilities under the Resource Conservation and Recovery Act of I 976 (RCRA). 
Hazards are being addressed by an integrated cleanup strategy under the Hanford Federal 
Facility Agreement and Consent Order (Ecology et al., 1990) signed by the Washington State 
Department of Ecology, U.S. Environmental Protection Agency, and the U.S. Department of 
Energy (Tri Parties) . 

The purposes of this LFI project as established by the Tri Parties were to supplement previous 
field investigations, verify historical information, and provide the necessary information to the 
Tri Parties so they can address the following two objectives: 

1. Determine if immediate action on soil at 1301-N and/or 1325-N is required to protect 
groundwater. 

2. Determine if, for the long-term, soil remediation is required to protect groundwater from 
a future potential impact, and, if so, when remediation should be performed. 

The LFI field activities included borehole drilling, sampling, and geophysical logging to 
investigate the contaminant and moisture distribution in soil beneath the 1301-N and 1325-N 
facilities. Previous studies provided considerable information on near-surface contamination and 
subsurface conditions at some distance from the facilities. Three new boreholes (199-N-107 A, 
199-N-108A, and 199-N-109A) were drilled at the facilities. Borehole 199-N-107 A was drilled 
within the 1301-N crib, while boreholes 199-N-108A and 199-N-109A were drilled immediately 
adjacent to the 1301-N trench and 1325-N crib, respectively. Soil removed from the boreholes 
was surveyed in the field for radioactivity. Vadose zone soils were sampled and submitted for 
physical, chemical, and radiological laboratory analysis. Downhole geophysical techniques were 
used to measure gamma-ray emitting contaminants, soil density, and moisture distribution. In 
addition to the new boreholes, four existing wells were also geophysically logged. They 
included 199-N-35, 199-N-45, 199-N-67 and Research Well No. 1. 

Field investigations showed soil contaminant concentrations were highest near the base of the 
facilities, and decreased dramatically with depth. Principal radionuclides were the same at 
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1301-N and 1325-N. They included cobalt-60, cesium-137, strontium-90, and plutonium-
239/240. Of these, strontium-90 was detected throughout the vadose zone. Although 
information was gathered pertaining to four inorganic metals, only chromium was consistently 
found at concentrations of potential concern. Vadose zone moisture profiles at each facility 
showed soil pore spaces were well below saturation. 

The LFI data have provided updated information on soil contaminant distribution. Results have 
confirmed the prior conceptualization of contaminant distribution. Data from new boreholes has 
been combined with existing data for use in the QRA. 

The QRA has supplemented an earlier 100-NR-l OU QRA by focusing on project-specific 
objectives. Risk to human receptors from potential direct soil exposure was confirmed, and 
impact to groundwater assessed. 

Potential direct exposure risk to humans is high due to radionuclide inventory in the surface 
sediments and shallow subsurface soils at each facility . Two human exposure scenarios were 
considered in the QRA: a rural-residential scenario and a recreational scenario. 

The concentrations of cobalt-60, cesiw:n-137, and strontiurn-90 in the vadose zone will decay to 
undetectable levels prior to reaching groundwater. However, plutonium-239/240 is predicted to 
reach groundwater after several hundred thousand years. Additionally, chromium may migrate 
from the soil to the groundwater, but uncertainty exists regarding its properties and travel time. 

Based on the results presented in this report and previous studies, primarily the 100-NR- l LFI 
and QRA, the 1301-N and 1325-N facilities should remain on the interim remedial measure 
pathway. 
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PREFACE 

This report summarizes the results of the 1301-N and 1325-N Liquid Waste Disposal Facility 
limited field investigation (LFI) and qualitative risk assessment (QRA) to meet the Tri-Party 
Agreement (IPA) Milestone M-l 5-12A. This LFI report differs from previous 100-Area LFis 

for the following reasons: 

It contains the risk assessment that has previously been written as a separate document. 

• It does not determine if an interim remedial measure (IRM), expedited response action 
(ERA), or LFI are warranted since 1301-N and 1325-N are already on the IRM pathway. 

• It has a different purpose and objectives. 

The purposes of this LFI project as established by the Tri Parties were to supplement previous 
field investigations, verify historical information, and provide the necessary information to the 
Tri Parties so they can address the following two objectives: 

1. Determine if immediate action on soil at 1301-N and/or 1325-N is required to protect 
groundwater. 

2. Determine if, for the long-term, soil remediation is required to protect groundwater from 
a future potential impact, and, if so, when remediation should be performed. 
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1.0 INTRODUCTION 

This report summarizes the results of the 1301-N and 1325-N Liquid Waste Disposal Facility 
(L WDF) limited field investigation (LFI) and qualitative risk assessment (QRA) to meet the TPA 
Milestone M-15-12A. The 1301-N and 1325-N facilities (Figures 1-1 and 1-2) that are the 
targets of this LFI, are classified as Treatment, Storage, and Disposal (TSD) Facilities under the 
Resource Conservation and Recovery Act of 1976 (RCRA). These facilities made use of the 
vadose zone to remove radioactive and hazardous materials from effluent that was discharged to 
them from the N Reactor. They were assigned by the Washington State Department of Ecology 
(Ecology), the U.S. Environmental Protection Agency (EPA), and the U.S. Department of 
Energy (DOE), Richland Operations Office (RL), known as the Tri Parties, as high-priority sites 
for potential remediation because of the contamination that is present in the vadose zone and 
groundwater. 

This LFI report differs from previous I 00-Area LFis for the following reasons: 

It contains the risk assessment that has previously been written as a separate document. 

It supplements previous work that has placed 1301-N and 1325-N on an interim remedial 
measure action pathway. 

• It has a different purpose and objectives. 

The QRA is included in this report because it contains the vital information necessary to address 
the objectives of this LFI project. A discussion of the site conceptual model has been added to 
LFI to provide the link between the results of the field investigation and the assessment of risk. 

Tri Parties designated the 1301-N and 1325-N facilities as high-priority sites because of 
contamination present in soil and groundwater. This designation, coupled with negotiations by 
the Tri Parties, placed these facilities on the IRM pathway. In addition, the 1992 LFI for the 
100-NR-1 Operable Unit (OU) recommended that these facilities remain on the IRM pathway. 
Consequently, the focus of this project is not to reiterate that 1301-N and 1325-N should remain 
on the IRM pathway. Rather, this project focuses on presenting data that will support decisions 
specific to 1301-N and 1325-N that will be negotiated among the Tri Parties. 
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1.1 PURPOSES AND OBJECTIVES 

The purposes of this LFI project as established by _the Tri Parties were to supplement previous 
field investigations, verify historical information, and provide the necessary information to the 
Tri Parties so they can address the following two objectives: 

1. Determine if immediate action on soil at 1301-N and/or 1325-N is required to protect 
groundwater. 

2. Determine if, for the long-term, soil remediation is required to protect groundwater from 
a future potential impact, and, if so, when remediation should be performed. 

The purposes and objectives concerning this investigation were established in data quality 
objective workshops (BHI, 1996). Additional information about the process for this LFI appears 
in Section 1.4.1.3 . 

1.2 SCOPE 

The site investigation activities for this LFI were conducted from November 1995 through 
January 1996 in accordance with the Description of Work for Vadose Zone Characterization of 
the 1301-N and 1325-N Liquid Waste Disposal Facility (DOE-RL, 1995a). This investigation 
focused on collecting and evaluating data on contaminant distribution in soil and hydrogeologic 
information specific to 1301-N and 1325-N. The scope of this project consisted of the following: 

• Planning activities 
• Performing field work 
• Analyzing samples 

Evaluating and interpreting data 
Writing this LFI report. 

This report does not address contamination that is already present in the groundwater. The 
groundwater contamination is the scope of projects for the 100-NR-2 OU and the N-Springs 
ERA. This report focuses only on the contamination that is present in the vadose zone at 1301-N 
and 1325-N and on the impact, as found during the field investigation and corresponding risk 
assessment, that this contamination may pose to groundwater. 

1.3 REPORT ORGANIZATION 

This report discusses the processes used to meet the objectives of the LFI project and to provide 
the results of the risk evaluation. The seven sections included in this report have been structured 
to provide the information necessary to understand the contaminant distribution and 
hydro geologic conditions at the 1301-N and 1325-N facilities . Site investigation data, 
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conceptual model refinement, and evaluation of potential threats to human health and the 
environment have been discussed so that the Tri Parties will have the information and data 
necessary to address their issues and concerns about these facilities. 

The seven sections of the report follow: 

Section 1.0, Introduction 
• Section 2.0, Investigative Approach 

Section 3 .0, Investigative Results 
Section 4.0, Site Conceptual Model 
Section 5.0, Qualitative Risk Assessment 
Section 6.0, Conclusions 
Section 7.0, References 

The following appendices have been included to provide detailed scientific data that supports the 
results and conclusions of this LFI: 

• A 1301-N and 1325-N Analytical Data 
• B Geologic Data for 1301-N and 1325-N 

C Travel Time Methodology and Results 
D RESRAD Calculations 

1.4 RFI/CMS PROCESS FOR 1301-N AND 1325-N 

This section summarizes the RCRA facility investigation/corrective measures study (RFI/CMS) 
activities related to 1301-N and 1325-N. These activities were undertaken pursuant to the 
Tri-Party Agreement (TPA) (Ecology et al. , 1990) Milestone M-l 5-12A, identified in the 
September 29, 1994, Milestone Change Request M-15-94-04. To implement the TPA, the 
Tri Parties developed the Hanford Past Practice Strategy (HPPS) (DOE-RL, 1993). 

The HPPS is used to enhance the efficiency of ongoing RFI/CMS activities through the use of 
IRMs including 1301-N and 1325-N activities and ERAs. This strategy was used by the 
Tri Parties to establish 1301-N and 1325-N as high-priority waste sites on the IRM pathway. 
The following subsections describe the implementation of the HPPS at 1301-N and 1325-N by 
discussing the activities that have been undertaken while 1301-N and 1325-N have been on the 
IRM pathway. 

1.4.1 1301-N/1325-N RFI/CMS Process to Date 

The corrective action strategy for 1301-N and 1325-N is presented in Figure 1-3 . The strategies 
for 100-NR-l, 100-NR-2, and the N-Springs ERA are also presented to show their 
interrelationships to 1301-N and 1325-N. 
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The 100-N Area was divided into two OUs: 100-NR-l and 100-NR-2. The 100-NR-l OU is 
located within the boundaries of the 100-N Area and contains physical structures, waste sites, 
and the Hanford Generating Plant. The 1301-N and 1325-N facilities are within the 
100-NR-l OU. The second OU, 100-NR-2, is referred to as the groundwater OU and includes 
100-N Area groundwater, surface water, sediment, and aquatic biota. 

1.4.1.1 100-NR-1 Work Plan (1990) . Pursuant to the HPPS, the 100-NR-l RFI/CMS Work 
Plan (DOEIRL-90-22) was first issued in 1990 as Draft A and established the objectives, 
procedures, tasks, and schedule for conducting the RFI/CMS for the 100-NR- l OU. The current 
version of the work plan, Revision 0, was issued in March 1996 (DOE-RL, 1996a). 

1.4.1.2 100-NR-1 LFI and QRA (1992). In 1992, an LFI was conducted for waste sites in the 
100-NR-l OU including the 1301 -N and 1325-N facilities. The results were presented in two 
separate reports: the 100-NR-l LFI (DOE-RL, 1995b) and 100-NR-l QRA (BHI, 1995). The 
scope of the 100-NR-l LFI included the results from soil samples collected for chemical analyses 
from three wells ( 199-N-75 , 199-N-76 and 199-N-80) located more than 100 m (328 ft) away 
from 1301-N toward the Columbia River. Also, these wells were drilled to support the 
100-NR-2 LFI. 

The QRA used two sets of data to evaluate risks to human health and the environment: 

1. historical sediment data collected from the top 15 cm (6 in.) of sediment at the bottom of 
1301-N and 1325-N 

2. limited field investigation data from 1992. 

The 1992 100-NR-l LFI summarized the results from the QRA and concluded that 1301-N and 
1325-N should remain on the IRM pathway because of the indication of high risk from soil 
contamination and past impacts to groundwater. Because characterization information on the 
vadose zone at 1301-N and 1325-N was not available in 1992, the QRA did not evaluate the risk 
posed to groundwater by contaminants associated with the facilities. Consequently, there were 
no conclusions regarding protection of groundwater from soil contamination. 

1.4.1.3 Present 1301-N/1325-N RFI/CMS (1996). After the 100-NR-l LFI and QRA were 
concluded, the 1301-N and 1325-N LFI and QRA were conducted to meet TPA Milestone 
M- l 5- l 2A. This LFI provides vadose zone information to assess potential threats to 
groundwater resources from key contaminants. It supplements the 100-NR-l LFI and QRA, 
verifies historical information, addresses the two objectives noted in Section 1.1 , and meets TPA 
Milestone M- l 5- l 2A. The results are presented in this report. 

During the planning phases for this LFI, a data quality objective (DQO) workshop for 1301-N 
and 1325-N was conducted. The workshop meetings were used to establish an approach to field 
activities so that sufficient information could be collected for the Tri Parties to address the two 
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objectives of this LFI. The DQO process identified the contaminants of potential concern for this 
investigation- a key subset of those anticipated at the facilities. 

Application of the DQO process resulted in a cost-effective sampling-and-analysis plan designed 
to keep radiation exposures as low as reasonably achievable (ALARA) while effectively 
addressing the issues and concerns of the Tri Parties. The DQOs and sampling-and-analysis plan 
were subsequently agreed to by the Tri Parties and then incorporated into the 1301-N and 
1325-N Description of Work (DOW) (DOE-RL, 1995a). The DQOs and associated criteria used 
in the workshop are presented in Table 1-1 . Also listed in the table are documents where these 
objectives and criteria have been or will be addressed. Details of the DQO process have been 
reported in Data Quality Objectives Workshop Results for 1301-N and 1325-N Characterization 
(BHI, 1996). 

1.4.2 Future 1301-N/1325-N RFI/CMS Process 

The 1301-N and 1325-N facilities are on the IRM pathway and are moving toward corrective 
action and closure. The data from this LFI report will be used to support the evaluation of 
corrective measures in the 1301-N and 1325-N CMS to be submitted to Ecology March 31 , 1997, 
in support of the TPA Milestone (M-15-12A). The CMS will include additional information 
about facility contaminant sources that may have contributed contaminants not evaluated as a 
part of this LFI. Future activities at 1301-N and 1325-N also consist of a permit modification 
and then implementation of corrective actions (Figure 1-3). 

1.5 BACKGROUND 

1301-N and 1325-N are RCRA TSD facilities located within the 100-N Area at Hanford 
(Figure 1-1 and 1-2). Their purpose was to dispose of effluent from N-Reactor operations. This 
section gives a description of the effluent discharged from N- Reactor operations, describes the 
history of 1301-N and 1325-N, and discusses their operation and design. 

1.5.1 N Reactor Operations and Effluent 

The N Reactor was different from all other reactors in the 100 Area because it was designed to be 
a dual-purpose reactor capable of producing special nuclear material as well as steam for 
electricity. While the N Reactor was operating, the following effluent streams were discharged 
from the N Reactor to 1301-N and 1325-N: 

reactor primary coolant water 
spent fuel storage basin cooling water 

• reactor periphery systems cooling water 
reactor primary coolant loop decontamination and rinse solution, and 
miscellaneous drainage from reactor support facilities . 
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The effluent contaminants were primarily cobalt-60 (Co-60), cesium-137 (Cs-137) , strontium-90 
(Sr-90), and plutonium-239/240 (Pu-239/240). In addition, the effluent contained hazardous 
wastes. The estimated annual and cumulative releases of radionuclides and total amount of 
hazardous waste discharges to 1301-N and 1325-N are tabulated in Appendix A, Tables A7-1 
and A7-2. 

1.5.2 1301-N and 1325-N Operation and Design 

1301-N and 1325-N made use of the vadose zone to remove radioactive and hazardous materials 
from the reactor operations' effluent. As discharged effluent percolated through the soil column, 
radioactive materials and hazardous constituents were retained in the soil through filtration, 
absorption, adsorption, and ion exchange. Eventually the soil's capacity to remove contaminants 
from the effluent was exceeded; thus some contaminants traveled to the groundwater and on to 
the Columbia River. Of primary concern is Sr-90 that is currently in the groundwater above the 
maximum concentration level (MCL) allowed by the National Primary Drinking Water 
Regulations (40 CFR 141) of 8 pCi/L. In addition, some constituents such as tritium were not 
retained in the soil but traveled with the effluent. 

1301-N and 1325-N were renamed 116-N-1 and 116-N-3, respectively, to be consistent with 
facility and waste-site designations used in databases by the Hanford Environmental Restoration 
Program. However, the original, more recognized names, 1301-N and 1325-N, have been used 
in this report. 

Characteristics of 1301 -N and 1325-N are described below. The facilities' dimensions were 
taken from the most current available as-built drawings. Figure 1-4 shows a September 1995 
aerial view of the area. Figures in Chapter 3 provide readers with additional elevation 
information and views of characteristic cross sections. A more detailed description of 1301-N 
and 1325-N, including associated piping, design and layout, is being prepared for the 1301-N and 
1325-N Corrective Measures Study to be issued in March 1997. 

1.5.2.1 1301-N Facility. 1301-N operated from 1964 to September 1985 and had an average 
flow rate of 6,800 Lpm (1 ,800 gpm). The facility is located approximately 240 m (800 ft) from 
the Columbia River (Figure 1-2). The crib area is approximately 88 m (290 ft) long by 38 m 
(125 ft) wide and from 1.5 to 5.8 m (averaging about 10 ft) deep as measured from the top of the 
perimeter embankment. The bottom of the crib was filled with a 0.9 m (3 ft) layer oflarge 
boulders. In early 1981, an additional 0.6 m (2 ft) layer of cobbles was added to the top of the 
large boulders. A sloped soil and gravel embankment forms the walls of the crib. An 
underground 91 cm (36 in.) diameter main effluent line from the 105-N lift station discharged 
into the crib through a 16 m by 3.7 m (52 ft by 12 ft) concrete weir box. The weir box is 
commonly referred to as the "horse trough." Also discharging into the crib were an underground 
30 cm (12 in.) diameter effluent drain line from the N Reactor basin floor drains, and a 15 cm 
(6 in.) diameter effluent drain line from the 109-N floor drains. 
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The 1301-N zigzag trench was constructed in 1965 and is 490 m (1,600 ft) by 3 m (10 ft) wide at 
. the bottom and 3.7 m (12 ft) deep with sloped side walls. Water flowed downward from the crib 

to the trench. Unlike the crib, boulders and cobbles were not placed in the trench. In 1982, 
precast concrete panels 15 m (50 ft) wide were installed to cover the entire trench to minimize 
wildlife intrusion and airborne contamination. The sides of the concrete cover were backfilled 
and grouted. However, the gaps between each concrete panel that extends across the trench 
width were not grouted together, so small gaps exist between adjoining panels. Discharges to 
1301-N ceased in September 1985. 

1.5.2.2 1325-N Facility. The second RCRA TSD, called 1325-N, was constructed and put into 
operation in 1983 as a replacement to 1301-N, which had reached its disposal capacity. The 
decreased effectiveness of on-site soil retention of radionuclides was indicated by riverbank 
spring monitoring that detected radionuclide concentrations in the springwater. Between 1983 
and September 1985, both 1301-N and 1325-N were in service. Piping allowed identical waste 
disposal at either unit. 1325-N first received N-Reactor effluent in 1983 and operated from then 
until 1991 when discharges ceased. It received an average flow of 1,700 Lpm ( 450 gpm) during 
its operational years and was disabled in 1993. The 1325-N is located approximately 300 m 
(1,000 ft) east and 61 m (200 ft) north of 1301-N (away from the Columbia River). (See Figure 
1-2.) 

Effluent was delivered to the 1325-N crib-header box through a 366 m (1,200 ft) long by 91 cm 
(36 in.) diameter pipeline. Precast concrete panels covering the below grade pipeline can be seen 
in Figure 1-4. A reinforced concrete header box-and- trough system distributed the effluent in 
the 1325-N crib. The 1325-N crib is 76 m (250 ft) by 73 m (240 ft) and has a concrete cover 3 m 
(10 ft) below the surrounding grade. The cover is made of precast concrete panels that are sealed 
with grout. Some panels have small hatches (0.61m x 0.61m) to allow inspection (or sampling) 
beneath the cover. The crib's soil percolation surface is 2 m (6 ft) below the cover. During an 
inspection of the facility in 1995, standing water was observed in the concrete distribution 
troughs. Some areas of soil beneath the cover were moist, but there no standing water was 
observed on the infiltration surface (soil). 

The 1325-N straight extension trench was put in full service in September 1985. It is 914 m 
(3,000 ft) by 16.8 m (55 ft) and is 2.7 m (9 ft) deep from the bottom of the concrete panels to the 
percolation surface. Only the first 226 m (740 ft) of the 1325-N trench was used; a dam located 
below the concrete panels blocked the remainder of the trench from receiving water. This trench 
is also covered with precast concrete panels placed close together but left unsealed. The panels 
have lifting lugs. Two centracore concrete panels measuring 0.6 m (2 ft) by 20.3 cm (8 in) were 
placed, unsealed, along the side of the trench. The sides of the trench were backfilled, thus 
creating a minimum barrier distance of 0.9 m (3 ft) for burrowing animals. The trench is divided 
into four equal sections by three dams that are composed of structural fill and concrete. A layer 
ofriprap was added on the downstream side of each dam to prevent scouring. The top 0.6 m 
(2 ft) of the trench bottom was screened to remove fines and reduce plugging. The trench ties 
into the crib at two points (from the crib's northern and eastern comers) with the effluent from 
the points combining in a common weir box. The tie-in is composed of rubber gasket-joined, 
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precast, reinforced concrete box sections. From the weir box, the trench extends about 914 m 
(3,000 ft) in a north-northeasterly direction. Discharges to 1325-N ceased in 1993. 

1.6 SECTION SUMMARY 

Section 1.0 has introduced the purpose, objectives, and scope of this document. It has also 
described the historical background of the 1301-N and 1325-N facilities and discussed the 
RFI/CMS activities related to them. Section 2.0 will explain the investigative approach used to 
accomplish the objectives set forth in Section 1.0 of this LFI. 
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Figure 1-1. Hanford Site and 100-N Area 
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Figure 1-4. September 1995 Aerial View of N-Area Structures 
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Table 1-1. Summary of Data Quality Objectives and Criteria for 1301-N and 1325-Na 

Data Quality Objective and Criteria 
Document Where 

Addressed 

Provide sufficient infonnation to assess impact to groundwater This report 

Provide sufficient infonnation to prepare a qualitative risk assessment This report 

Provide sufficient infonnation to evaluate the existence of a driving force This report 

Provide sufficient infonnation to refine conceptual model This report 

Provide sufficient infonnation to evaluate remedial alternatives CMSb 

Provide sufficient infonnation to estimate total inventory CMS 

Provide sufficient infonnation to assess lateral distribution CMS 

Provide sufficient infonnation to evaluate dangerous waste CMS 

Provide sufficient infonnation to evaluate transuranic waste CMS 

Keep radiation exposures As Low As Reason_able Achievable oowc 

Be Cost Effective DOW 

'These objectives and criteria were taken directly from the DQO report (BHI, 1996) 
bCorrective Measure Study for the I 301-N and I 325-N will be submitted to the regulators in March I 997 
coescription for Work for I 301-N and I 325-N (DOE-RL, I 995a) 
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2.0 INVESTIGATIVE APPROACH 

This section describes the field operations and laboratory analyses performed for the 1301-N and 
1325-N Liquid Waste Disposal Facilities' LFI. Sampling and analysis requirements were 
documented in the DQO report and agreed upon by Ecology, EPA, and RL (BHI, 1996). 
Contaminants of concern were not inclusive of all contaminants from the facilities but were 
identified in the DQO workshop. The DOW, Description of Work for Vadose Zone 
Characterization of the 1301-N and 1325-N Liquid Waste Disposal Facilities (DOE-RL, 1995a), 
was used for guiding the field work and allowed for minor deviations because of changing field 
conditions. The investigation activities are summarized in subsections of this chapter and 
include the following: 

Cable-tool drilling of three LFI boreholes from November 6, 1995 to January 11 , 1996 
(199-N-107A, 199-N-108A, 199-N-109A) 

Geophysical logging to measure gamma-ray emissions at four existing wells (199-N-35, 
199-N-45, 199-N-67, and Research Well No. 1 [RW#l]) 

Geophysical logging to determine soil moisture content at three existing wells (199-N-35, 
199-N-45, and 199-N-67) 

Geophysical logging (spectral gamma and soil moisture content) in the three LFI 
boreholes 

• Soil sample collection from three LFI boreholes 

Sample analysis for radionuclides, metals, and physical properties performed on soil 
collected from the three LFI boreholes 

• Data validation of primary laboratory results. 

2.1 FIELD WORK 

2.1.1 Borehole Drilling 

The field investigation included the drilling of three vadose zone boreholes (199-N-107 A, 
199-N-108A, and 199-N-109A), referred td in this report as "LFI boreholes." Each borehole was 
drilled to groundwater using the cable-tool drilling method. No drilling fluids were added during 
the drilling process. The boreholes were drilled by Water Development Hanford Company, and 
the drilling was observed by an Environmental Restoration Contractor well-site geologist who 
also prepared borehole logs. Radiological control technicians (RCTs) performed radiation 
monitoring. Borehole 199-N-107 A was drilled within the 1301-N crib; boreholes 199-N-108A 
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and 199-N-109A were drilled immediately adjacent to the 1301-N trench and 1325-N crib, 
respectively. Drilling began on November 6, 1995, and was completed on January 11, 1996. 
The locations of the LFI boreholes are shown in Figure 2-1. 

Carbon steel well casings were left in place as a temporary measure and will remain in place until 
a final decision is made concerning whether to conduct furthe~ testing. Conprete pads and a 
locking cap were installed around the temporary well casings after all boreholes were completed. 
Borehole elevations were surveyed to North American Vertical Datum of 1988 in meters and 
were later converted into National Geodetic Vertical Datum of 1929 in feet for consistency with 
other 100-N survey data. Horizontal position was reported in meters referenced to Washington 
Coordinate System of 1983 South Zone (WCS835/199 l ). 

2.1.2 Geophysical Borehole Logging 

Four existing wells, 199-N-35, 199-N-45, 199-N-67, and RW#l, were geophysically logged. 
These four wells are referred to as "existing wells" in this report. Neutron moisture and gamma 
log data for the existing wells has been provided in Appendix B. The wells were logged to 
determine the extent of contamination spread away from 1301-N and 1325-N. The locations of 
the wells are shown in Figure 2-1. 

Neutron-neutron moisture and gamma-gamma density geophysical logs were acquired from the 
LFI boreholes by Schlumberger Well Services. Both types of Schlumberger geophysical logs 
have been adapted for the unsaturated Hanford borehole environment. Geophysical logging 
DQOs for the neutron-neutron moisture and gamma-gamma density logging methods were 
established in Ellis et al., (1995). 

The neutron-neutron moisture logging DQOs were considered sufficient to meet the moisture 
content data needs of the LFI and were subsequently adopted into the DOW (DOE-RL, 1995a). 
To meet DQO requirements for geophysical logging, single strings of steel casings were logged. 
To ensure that the entire LFI borehole was logged through only one string of casing, each 
borehole was logged on two separate occasions: prior to telescoping of the 20-cm (8-in.) casing 
within the 25-cm (10-in.) surface casing, and after the well reached total depth. A primary 
logging pass and a full repeat pass were conducted for each service on each logging run. All 
geophysical logging was performed in accordance with procedures approved by BHI and in 
accordance with the DOW (DOE-RL, 1995a). 

Westinghouse Hanford Company (WHC) collected neutron moisture logs from existing wells 
199-N-35, 199-N-45, and 199-N-67. All WHC neutron moisture logging was performed in 
accordance with approved logging procedures. 

High-resolution spectral gamma-ray logs (referred to as radionuclide logging system [RLS]) 
were collected from all the LFI boreholes and the four existing monitoring wells. The logs were 
used to provide contaminant distribution data for gamma-emitting radionuclides. WHC ran 
spectral gamma sondes in each LFI borehole before telescoping of casing during drilling and 
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after total depth was reached for each borehole. Existing wells 199-N-35, 199-N-45, and 
199-N-67 were logged in July 1995, several months before the LFI boreholes were drilled, to aid 
in refining sample collection locations. Well R W# 1 was logged in November 1995. All high
resolution spectral gamma geophysical logging was performed in accordance with Ell 11.1 , 
"Geophysical Logging" (WHC, 1988). 

2.1.3 Sample Collection 

The three LFI boreholes were sampled following the guidance presented in the DOW and 
EIP 4.0, "Soil and Sediment Sampling" (BHI-EE-01 , Environmental Investigations Procedures). 
A cable-tool drive barrel was used to advance the borehole and remove soil. An RCT screened 
the removed soil for alpha and beta-gamma radioactivity using hand-held instruments. The 
measured radioactivity was compared to the site (shielded) background to assist in selecting 
sample collection intervals for laboratory analysis. Material removed from the borehole was 
identified and described by the site geologist and summarized on a borehole log per EIP 7.0, 
"Geologic Logging" (BHI-EE-01). 

Radiological field screening performed by the RCTs, in conjunction with the predicted waste site 
sample target depths, assisted the geologist in selecting sample collection intervals. Target depths 
identified in the DQO were sampled using a 13-cm (5-in.) outside-diameter stainless steel split
spoon sampler to obtain undisturbed soil samples. An on-site shielded glovebox was used to 
extract representative portions of soil from the split-spoon liners. Before the samples were 
shipped to a primary laboratory, a subsample was radiologically screened by the WHC 222-S 
Laboratory. The results of the screening were used to verify that samples were within the 
radiological acceptance criteria of the primary laboratory and for preparing sample shipments in 
accordance with U.S . Department of Transportation regulations. These samples were analyzed 
for radionuclides, metals, and physical properties. A total of fourteen split-spoon samples was 
collected: six from 199-N-107 A and four each from 199-N-l 08A and 199-N-l 09A. Split-spoon 
sample depths for each borehole are presented in Figure 2-2. 

Soil cuttings were also collected as grab samples from the cable-tool drive barrel. These grab 
samples were used to provide radiological contaminant information between the split-spoon 
sample collection intervals and assisted in the selection of the split-spoon sample intervals. The 
RCT radiologically screened every drive barrel of cuttings as drilling progressed. If results from 
a drive barrel exceeded three times the previous interval's radiological field-screening results, a 
grab sample was collected. Grab sample locations were based upon those measurements, with a 
minimum of one sample collected every 3.0 m (10 ft). At the end of each day, the grab samples 
were transp·orted to the WHC 222-S Laboratory for radiological screening. Certain grab samples 
identified by the site geologist were also tested for moisture content and particle size distribution. 
The locations of grab sample collection points are shown in Figure 2-2 . 

Approximately every 3.0 m (10 ft) , and at significant lithology changes, soil was collected from 
either the drive barrel or the split-spoon sampler and archived in two-liter plastic jars. The 
archived samples were collected to provide soil in the event additional testing is needed. The 
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samples are stored at the 1301-N site until RL and Ecology concur that they may be disposed of. 
A chain of custody is stored with the archived samples. 

2.2 SAMPLE ANALYSIS 

2.2.1 Physical Properties Testing 

Physical properties testing was performed on all split-spoon samples from boreholes 
199-N-108A and 199-N-109A. The testing included particle size distribution, bulk 
density/porosity, saturated hydraulic conductivity, moisture content, and moisture retention. 
Physical properties testing was not required for samples from borehole 199-N-l 07 A because of 
potential radiological exposure problems associated with the large volume of soil required for 
analysis and the expected high radiological activity. Grab samples were analyzed for moisture 
content and particle size distribution only. Except moisture retention, physical properties tests 
for borehole 199-N-l 08A were performed by the WHC Geotechnical Laboratory. Physical 
properties' tests for borehole 199-N-l 09A, including moisture retention for borehole 
199-N-l 08A samples, were performed by Southwest Research Institute (SwRI) of San Antonio, 
Texas, due to the closing of the WHC Geotechnical Laboratory prior to completion of this 
project. Nineteen samples were analyzed for moisture content; eight split-spoon liners were 
analyzed for particle size distribution, bulk density, saturated hydraulic conductivity, and 
moisture retention; and ten samples were analyzed for particle size distribution. Results of the 
physical properties testing are discussed in Section 3. 0. 

2.2.2 Radionuclide/Metals Analysis 

For chemical/radionuclide analyses, analytical techniques were selected based primarily on their 
ability to detect potential contaminants at low levels required to support the QRA. Radionuclide 
and metals analyses of split-spoon samples were performed by the Quanterra Environmental 
Services, Inc. (QES) laboratory in Richland, Washington. The laboratory used SW-846 methods 
(EPA, 1990) for metals' analysis and laboratory-specific methods, approved under the RL 
contract, for radionuclide analysis. Radionuclide screening of grab and split-spoon samples was 
performed by the WHC 222-S Laboratory under a project-specific statement of work. Sample 
analytical methods and parameters are presented in Table 2-1. Radionuclide and metals 
analytical results are presented in Section 3.0. 

2.3 DATA VALIDATION 

Data validation was performed by an independent subcontractor to verify that the project DQOs 
were met and to ensure the defensibility of the data. The validation responsibilities are defined 
in associated statements of work. All validation was performed per quality assurance/quality 
control (QNQC) specifications outlined in the "Quality Assurance Project Plan" (QAPP), 
Appendix F of the DOW, and in compliance with Data Validation Procedures for Chemical 
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Analyses (WHC, 1993a) and Data Validation Procedures for Radiochemical Analyses (WHC, 
. 1993b ). Per the QAPP, 10 percent of all off-site analytical laboratory data packages were to be 
validated. However, current validation protocols require any data package containing field QC 
samples to be validated. Consequently, all three data packages, one per LFI borehole, from QES 
were validated. The DOW did not require analytical data from the WHC 222-S Laboratory, 
WHC Geotechnical Laboratory, or SwRl to be validated. The following reports present the data 
validation for each of the data packages from the primary laboratory: 

• "Inorganic Data Validation Report for Data Package WO823-QES 1301-N/1325-N 
L WDF," Vadose Zone Characterization Project 

"Radiochemistry Data Validation Report for Data Package WO823-QES 1301-N/1325-N 
L WDF," Vadose Zone Characterization Project 

"Inorganic Data Validation Report for Data Package WO847-QES 1301-N/1325-N 
L WDF," Vadose Zone Characterization Project 

• "Radiochemistry Data Validation Report for Data Package WO847-QES 1301-N/1325-N 
L WDF," Vadose Zone Characterization Project 

• "Inorganic Data Validation Report for Data Package WO867-QES 1301-N/1325-N 
L WDF," Vadose Zone Characterization Project 

• "Radiochemistry Data Validation Report for Data Package WO867-QES 1301-N/1325-N 
L WDF," Vadose Zone Characterization Project. 

Analytical results were compiled into tabular summaries that were reviewed for use in preparing 
the QRA. Electronic files in Contract Laboratory Program format, validation reports, and 
laboratory result forms were used as sources of data. The data from validation reports and 
laboratory forms were manually entered into the tabular summaries, 100 percent verified, and 
corrected if needed. This was done to verify that validation results were incorporated into the 
analytical database and that the data qualifiers were listed. Data that are termed "usable" 
(detected compounds or estimated values, qualified with a "J") can be used in the risk 
assessment. Data that are not considered usable were rejected (qualified with an "R") by the data 
validator. 
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The LFI field activities resulted in the collection of an extensive environmental data set for 
1301-N and 1325-N. Radiological contaminant distribution was measured using geophysical 
logging techniques, hand-held field detectors, and laboratory analysis. Discrete samples were 
collected for laboratory analysis of metals concentrations. Physical properties, including 
moisture, were determined by using geophysical logging and collecting discrete samples for 
laboratory analysis . These data are presented in Section 3.0 of this report. 
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Table 2-1. Analytical Parameters and Methods (Page 1 of 2) 

Analytical Category Analytical Parameters Analytical Method Detection Limit 

Analytical Data• Cadmium SW-846, method 6010, ICP metals 1.0 ppm 
Metals Chromium 

Nickel 

Lead SW-846, method 7421 , AA metals 1.0 ppm 

Analytical Data• Strontium-90 Gas proportional/RlCHRC-5006 1.0 pCi/g 
Radionuclides 

Plutonium-238 Alpha spectroscopy/RlCHRC-5010 0.6 pCi/g 
Plutonium-239/240 

Uranium-234 Alpha spectroscopy/RCHRC-5030 0.6 pCi/g 
Uranium-235 
Uranium-23 8 

Gross a lpha Gas proportional/lTAS-RD-3222 - 7.0 pCi/g 

Gross beta Gas proportional/ITAS-RD-3222 8.0 pCi/g 

Cerium-134 Gamma spectroscopy/ 0.75 pCi/g 
Ces ium- 134 RlCHRC-5017 0.25 pCi/g 
Cesium-137 0.25 pCi/g 
Cobalt-60 0.05 pCi/g 
Europium-154 0.75 pCi/g 
Europium-155 0.75 pCi/g 
Manganese-54 0.25 pCi/g 
Potassium-40 10.0 pci/g 
Radium-226 4.5 pCi;/g 
Ruthenium- I 06 1.5 pCi/g 
Thorium-228 · 0.6 pCi/g 
Thorium-232 0.6 pCi/g 

Radiological Screeningb Strontium-90 Beta counting 1.0 pCi/g 

Gross alphad Gas proportional 7.0 pC/g 

Gross beta Gas proportional 8.0 pCi/g 

Gamma emittersg Gamma spectrometry 0.5 pCi/g 

Physical Properties< Moisture Content ASTM D2216 (GEL-14) n/a 

Moisture Retention ASTM D2325, ASTM D3 I 52 n/a 
(GEL-18) 

Bulk Density / Porosity ASTM D2937, ASTM D4564 n/a 
(GEL-14) 

Permeability (Saturated ASTM D2434 (GEL-09) n/a 
Hydraulic Conductivity) 

Particle Size Distribution ASTM D422 (GEL-07) n/a 
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Table 2-1. Analytical Parameters and Methods (Page 2 of 2) 

Analytical Category Analytical Parameters Analytical Method 

Geophysical Logging Cerium-134 Gamma spectrometry using RLS< 
Radionuclides Cesium-134 

Cesium-137 
Cobalt-60 
Europium-154 
Europium-155 
Manganese-54 
Potassium-40 
Radium-226 
Ruthenium- I 06 
Thorium-228 
Thorium-232 

Geophysical Logging Moisture Content Neutron Moisturer 
Phys ical Properties 

•Samples collected using split-spoon sampler and analyzed by Quanterra Environmental 
Services, Richland, Washington . 
bGrab samples collected from drive barrel and split spoon and analyzed by the 
Westinghouse Hanford Company (WHC) 222-S Laboratory. 
<All parameters were ran on split-spoon samples; moisture content and particle size only for 
grab samples. 
dJf gross alpha activity exceeded 20 pCi/g, Pu-238, Pu-239 analyzed. 
0 RLS using a high-purity germanium detector. 
rPerformed using an accelerated porosity sonde. 

AA - Atomic absorption 
ASTM - American Society for Testing and Materials 
GEL - WHC Geotechnical Engineering Laboratory 
ICP - Inductively coupled plasma 
RLS - Radionuclide Logging System 
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5.0 pCi/g 
1.0 pCi/g 
1.0 pCi/g 
1.0 pCi/g 
1.0 pCi/g 

IO pCi/g 
1.0 pCi/g 

2.0 pCi/g 
5.0 pCi/g 
5.0 pCi/g 
5.0 pCi/g 
1.0 pCi/g 

n/a 
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3.0 INVESTIGATION RESULTS 

The results of the data-gathering activities conducted during this LFI are presented in this 
section. The general hydrogeology at 1301-N and 1325-N is presented, followed by the specific 
geology of each borehole. Next, the laboratory results of the soil samples and the field screening 
are presented for 1301-N boreholes (199-N-l 07 A and 199-N-108A) and then for the 1325-N 
borehole (199-N-l 09A). Additional characterization information has recently been collected 
from 1301-N as part of another project and is summarized at the end of this section. Appendix A 
and B contain all the data discussed in this chapter as well as other pertinent historical data. 

Cross sections of 1301-N and 1325-N are provided in Figures 3-1 and 3-2 to supplement the 
discussion of results and aid in comparing data. Figures 3-1 and 3-2 present the depths and 
corresponding elevations for each LFI borehole. Figure 3-1 shows a cross section of the 1301-N 
crib and 199-N-l 07 A and a cross section for the 1301-N trench and 199-N-108A. The cross 
section of both the crib and trench is shown to illustrate the differences in depths and elevations 
because of the lower elevation of the trench. Figure 3-2 presents the same information relating to 
1325-N. As an example, a soil sample collected from borehole 199-N-107 A at a depth of 9 m 
(3 0 ft) is at the same elevation (131 m [ 4 3 0 ft] above mean sea level [MSL]) as a sample 
collected from borehole l 99-N-108A at a depth of 7.9 m (26 ft). 

A meter-to-feet conversion table (Table 3-1) has been provided for Sections 3.2 and 3.3. The 
intent is to present a clear discussion of contaminant distribution without creating lengthy 
conversions within the sentence structure. 

3.1 GENERAL HYDROGEOLOGY OF 1301-N AND 1325-N 

This section presents the general hydro geology in the vicinity 1301-N and 1325-N. Complete 
details of the geology of each LFI borehole are presented in following subsections. The source 
of the following discussion of the hydrogeology of the 100-N Area is Hartman and Lindsey 
(1993). 

Stratigraphic divisions underlying the 100-N Area include the Hanford formation, the Ringold 
Formation, and Elephant Mountain Member of the Saddle Mountains Basalt. The Hanford 
formation overlies the Ringold Formation and consists of two gravel-dominated facies: an upper 
cobble-boulder unit and a lower pebble-cobble unit. The Ringold Formation overlies the 
Elephant Mountain Member and consists of seven units . Thickness ranges for the Hanford 
formation and the Ringold Formation are 5.8 to 24.5 m (19 to 77 ft) and 137.2 to 150.6 m (450 to 
494 ft) , respectively. General stratigraphic relationships of the geologic units are illustrated in 
the geologic cross sections shown in Figures 3-3 through 3-7. 

Wells and boreholes drilled in the area were used to construct the cross sections (Figures 3-4 
through 3-7). Wells 199-N-103A, 199-N-104A, 199-N-105A, and 199-N-106A were drilled for 
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the N Springs Pump-and-Treat Project. Detailed lithologic descriptions of 199-N-l 03A, 
199-N-104A, and 199-N-105A are found in Glaman and Walker (1995). Details of Well 
199-N-l 06A are published in Walker (1996). Geologic field logs of 199-N-107 A, 199-N-108A, 
and 199-N-l 09A are included in Appendix B. 

Groundwater in the unconfined aquifer flows primarily in a west-northwesterly direction most of 
the year and discharges to the Columbia River. Fluctuations in river stage, because of dam 
operations and seasonal variations, can impact the flow direction, hydraulic gradients, and 
groundwater levels within the unconfined aquifer. The significant stratigraphic divisions at and 
above the water table at 1301-N and 1325-N are the Ringold Formation and the Hanford 
formation. The unconfined aquifer is contained in the gravel-dominated Unit E lithofacies of the 
Ringold Formation. A detailed description of this unit and the Hanford formation is found in 
Hartman and Lindsey (1993). 

Extensive grading, excavation, and backfilling of the surficial Hanford formation have occurred 
within and around 1301-N and 1325-N. Consequently, it is difficult to distinguish undisturbed 
Hanford formation from anthropogenically disturbed Hanford formation _because of similar bulk 
composition. The zone of disturbed material is up to 6 m (20 ft) thick and consists of 
unconsolidated basaltic cobble- to boulder-sized clasts with sand infilling. Clasts often exhibit 
white calcium carbonate coatings. Crushed gravel was used to create clean roadways to the drill 
sites and to existing wells 199-N-67 and 199-N-69 within the 1301-N and 1325-N fenced areas 
prior to drilling. The roadfill is up to 0.9 m (3 ft) thick and consists of angular basaltic pebbles 
with sand. 

The upper portion of the Hanford formation is composed of unconsolidated basaltic cobble and 
boulder-sized clasts. Cobbles as large as 15 cm (6 in.) were encountered during drilling, 
although boulders as large as 0.9 m (3 ft) can be seen around 1301-N and 1325-N. Below the 
cobble-boulder unit, clast size decreases to pebbles and cobbles with local dominant sand. The 
gravel and sand are predominantly basaltic in composition. Sometimes, significant sand layers 
are intercepted during drilling. A sand layer consisting of very coarse to fine sand 4.9 m (16 ft) 
thick was encountered in well 199-N-l 03A. A 1.5-m (5-ft) sand layer was encountered during 
the drilling of well 199-N-104A. A 3-m (10-ft) sand layer was encountered in borehole 
199-N-107A. A 1.9-m (6-ft) sand layer was encountered in borehole 199-N-108A. Minor sand 
lenses were encountered in borehole l 99-N-109 A. In the vadose zone, sand layers may have 
promoted the localized lateral spread of contaminat.ion from 1301-N and 1325-N during 
operation of the facilities. The sand zones are discontinuous and cannot, with certainty, be traced 
between wells. 

The underlying Ringold Formation is composed of fluvial pebble- to cobble-sized gravels with a 
silty sandy matrix. The sediments range from well cemented, with carbonates and/or iron oxides, 
to uncemented. Cementation is discontinuous but laterally extensive. Basalt content of the 
gravels is typically less than 50 percent by volume. Some thin discontinuous sand lenses are 
found in the areas of 1301-N and 1325-N. The contact between the Hanford formation and the 
Ringold Formation is sometimes difficult to determine because a transition zone ofreworked 
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Ringold Formation is often present. The contact is a potential perching layer in the vadose zone 
because of the cemented nature of the Ringold Unit E. However, no perched water was observed 
during drilling. 

3.2 1301-N RESULTS 

Two existing wells (199-N-67 and RW#l) were geophysically logged and two boreholes 
(199-N-107A and 199-N-108A) were drilled and geophysically logged to characterize 1301-N. 
Well 199-N-67 is located about 41.1 m (135 ft) downgradient from the 1301-N Trench, and 
RW# l is located about 30.5 m (100 ft) downgradient from the 1301-N crib (see Figure 2-1). 
Borehole 199-N-107A was drilled close to the weir box through the 1301-N Crib, and borehole 
199-N-l 08A was drilled about 6.4 m (21 ft) away from the concrete panels of the trench on the 
Columbia River side. The following discussions relate to these wells and boreholes. 

3.2.1 Geology 

The stratigraphic units encountered during drilling are the Hanford formation and the gravel
dominated Unit E of the Ringold Formation. The Hanford/Ringold contact was encountered at 
12.8 m (42 ft) below ground surface (bgs) in borehole 199-N-l 07 A and 11.9 m (39 ft) bgs in 
borehole 199-N-l 08A (Figures 3-8 and 3-9). The water table was encountered at 22.9 m (75 ft) 
on December 8, 1995, and at 21.9 m (72 ft) on November 16, 1995, in boreholes 199-N-107A 
and 199-N-108A, respectively. Detailed borehole logs for each borehole are presented in 
Appendix B. 

The initial 2.7 m (9 ft) of borehole 199-N-107A is primarily basaltic sandy gravel fill material 
from the upper Hanford formation . Below the fill material is undisturbed Hanford formation . 
The Hanford formation encountered in this borehole consists primarily of basalt gravel in a 
matrix of sand and silt with one gravelly sand interval at 8.5 to 11.6 m (28 to 3 8 ft). The basalt 
content of the gravels is greater than 70 percent, and some clasts exhibit carbonate coatings. The 
contact between the Hanford formation and the Ringold gravels is gradational in this area and 
was difficult to recognize during drilling; however, differences in geophysical logging responses 
indicate that the contact is at approximately 12.8 m (42 ft) . 

Unit E of the Ringold Formation consists primarily of gravel in a matrix of sand and silt with 
variable siliceous and calcareous cementation. The gravel clasts are mostly subrounded to 
rounded basalt, quartzite, and granite. The basalt content of the gravel ranges from 30 to 
50 percent. Some cemented sand and silt on the clasts was noted. One gravelly, very coarse-to
coarse sand interval was encountered from 14.6 to 15.8 m (48 to 52 ft). 

The Hanford formation encountered in borehole 199-N-l 08A consists primarily of basalt gravel 
in a matrix of sand and silt with a thin sand lens from 4.3 to 4.4 m (14 to 14.5 ft) and a very fine
to fine-grained sand from 6.4 to 8.2 m (21 to 27 ft) . The basalt content of the gravels is greater 
than 80 percent, and some clasts exhibit carbonate coatings. The contact between the Hanford 
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formation and the Ringold gravels is apparently gradational and was difficult to recognize during 
drilling; however, differences in geophysical logging responses indicate that the contact is at 
approximately 11.9 m (39 ft). No perched water was observed during drilling. 

Unit E of the Ringold Formation consists primarily of gravel in a matrix of sand and silt with 
variable siliceous and calcareous cementation. The gravel clasts are mostly subrounded to 
rounded basalt, quartzite, and granite. The basalt content of the gravel ranges from 30 to 
50 percent. Some cemented sand and silt on the clasts was noted. Two sand layers were noted: 
a very fine- to fine-grained sand from 15 .2 to 18 m (50 to 59 ft) and a medium to very coarse 
sand from 20.3 to 20.9 m (66.5 to 68 .5 ft) . 

3.2.2 Soil Samples 

The following discussion focuses on contaminant distribution below the base of the 1301-N crib 
and trench. All sample collection depth intervals are discussed relative to the excavated base of 
the facility. The corresponding depth below the ground surface is given in parentheses. Refer to 
Figures 3-1 and 3-2 to aid in the discussion and Table 3-1 for the metric conversion. 

Soil samples were collected at discrete _depths from boreholes 199-N-l 07 A and 199-N-108A. 
Borehole summary logs for 199-N-107 A and 199-N-108A are presented in Figures 3-8 and 3-9, 
respectively . The figures show the elevation and depth of sample collection intervals, well 
construction, sample collection methods, sample identification numbers, analytical laboratory, 
lithology, sieve analyses, and moisture content in weight percent. Samples from 199-N-108A 
were submitted for chemical , radiological, and physical property analyses. Samples from 
199-N-107 A were analyzed only for chemical and radiological constituents. Physical properties' 
analyses were not planned to be performed on material from 199-N-107 A because of shipping 
and handling concerns regarding the potentially high radiation levels in the soil. 

3.2.2.1 Metal Analysis. Soil samples from boreholes 199-N-107 A and 199-N-108A were 
analyzed for cadmium, chromium, lead, and nickel to evaluate the vertical and lateral distribution 
of these metals beneath 1301-N. These data are presented in Tables 3-2 (199-N-l 07 A) and 3-3 
(199-N-108A). 

The highest concentrations of metals are at the base of the 1301-N crib in borehole I 99-N-107 A. 
Specifically, chromium (up to 57.7 mg/kg) and lead (up to 21.9 mg/kg) have been detected at 
depths to 3 ft below the crib base ( 13 ft bgs) at concentrations above background (18.5 and 10.2 
mg/kg, respectively). Below this depth, chromium and lead are detectable at background 
concentrations. Nickel was detected in the soil at background concentrations. Cadmium was 
also detected in the soil at concentrations up to 0.73 mg/kg. A cadmium concentration 
representative of Hanford background was not available. 

Nickel and lead are at background concentrations in borehole 199-N-108A. Chromium has been 
detected throughout the soil column in concentrations up to 27.3 mg/kg. Cadmium was not 
detected. 
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3.2.2.2 Radionuclide Analysis. Radionuclide analysis on l 99-N-107 A and 199-N-108A 
indicates that the majority of contamination occurs as Co-60, Cs-137, Sr-90, and Pu-239/240. 
These data are summarized in Tables 3-2 through 3-5. 

Table 3-2 presents the results of the primary laboratory (Quanterra) analyses for samples 
collected with a split spoon from within the 1301-N crib (199-N-107A). Table 3-2 presents the 
results of the primary laboratory data for samples collected with a split spoon at the site adjacent 
to the 1301-N trench (199-N-l 08A). Tables 3-4 and 3-5 present the radiological screening data 
for both split-spoon samples and drive-barrel grab samples that were analyzed at the 222-S 
Laboratory. The results of a grab sample (B0GGC3), from soil scraped off a boulder excavated 
from the crib base during installation of the well starter casing and prior to drilling, are included. 
The associated radiological values from the boulder sample are very high and may not be 
representative of the overall soil matrix. Figures 3-10 and 3-11 illustrate the vertical distribution 
of Cs-13 7, Co-60, and Sr-90 for boreholes 199-N-l 07 A and 199-N-l 08A. Analytical results 
from the primary laboratory, radiological screening, and the RLS are provided for each 
contaminant to demonstrate the comparability of these data sets. No RLS data are available for 
Sr-90 because the RLS cannot measure concentrations of beta emitters such as Sr-90. For 
Figures 3-10 and 3-11, a log scale was used to facilitate presentation of all three contaminants on 
the same page. 

The following radionuclides were detected in soil samples collected from boreholes 199-N-107 A 
and 199-N-108A: americium (Am)-214, Cs-134, Cs-137, Co-58, Co-60, europium (Eu)-154, 
Eu-155, manganese (Mn)-54, Pu-238, Pu-239/240, K-40, radium (Ra)-226, Ra-228, Sr-90, 
thorium (Th)-228, Th-232, uranium (U)-234, and U-238 . Concentrations of cerium (Ce)-144, 
Eu-152, iron (Fe)-59, ruthenium (Ru)-106, and U-235 have not been detected by gamma ray 
spectrometry. 

The majority of the contamination within 1301-N occurs from Co-60, Cs-137, Sr-90, and 
Pu-239/240. The highest concentrations of Co-60 (up to 139,000 pCi/g) occur at the crib base to 
a few feet (~3 ft) below the crib base (13 ft bgs) . The interval from the base of the crib to a few 
feet below is referred to as the "concentrated layer." The concentrated layer also contains 
chromium and lead at concentrations above background. Cobalt-60 concentrations decrease 
significantly, from 132,000 to 23.9 pCi/g within a depth range of 10 ft (from 3 to 13 ft below the 
crib base [13 to 23 ft bgs]). Concentrations below the concentrated layer decrease from 
23 .9 pCi/g to <1 pCi/g. Figure 3-10 illustrates the Co-60 distribution. 

The highest concentrations of Cs-13 7 (up to 102,000 pCi/g) are also at the crib and are present 
deeper ( ~ 10 ft more to a depth of 13 ft below the crib base (23 ft bgs]) in the crib than Co-60. 
Below 13 ft (23 ft bgs), concentrations decrease from 6.1 pCi/g to less than detectable near the 
water table. 

Strontium-90 has been detected throughout the soil column from the crib base to the water table 
in concentrations ranging from 92,999 pCi/g on the crib boulder sample to 50 pCi/g at the water 
table. Concentrations decrease significantly with depth, with levels in the thousands of pCi/g in 
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the zone from the crib base to 20 ft (30 ft bgs), and then decreasing to the hundreds and tens of 
pCi/g from 20 ft (30 ft bgs) to the water table. 

Plutonium-239/240 occurs in concentrations up to 12,700 pCi/g in the crib to a depth of a few 
feet generally coincident with the Co-60. The Pu-239/240 concentrations are below the level that 
is considered transuranic waste (100,000 pCi/g). Concentrations of Pu-239/240 have not been 
detected at depth. 

Soil samples were collected from borehole 199-N-108A to evaluate the lateral spreading of 
contamination away from 1301-N and to determine the concentrations primarily of Sr-90 below 
the old operational water table mound (old groundwater mound) at a location close to 1301-N. 

The high concentrations (~ 100,000 pCi/g range) of Co-60, Cs-137, and Sr-90 detected at the base 
of the 1301-N crib are not present in borehole 199-N-108A (Figure 3-11). This indicates that 
these contaminants are located primarily within the concentrated layer at the base of the crib and 
trench. The distribution of Co-60, Cs-13 7, and Sr-90 in the side borehole is similar to that of 
199-N-107 A below the concentrated layer. The highest concentrations of Co-60 (up to 
3,300 pCi/g), Cs-137 (up to 15,700 pCi/g), Sr-90 (up to 1,740 pCi/g), and Pu-239/240 (up to 
73 .7 pCi/g) detected in the borehole are associated with the sand layers between 3.5 ft above the 
trench base to 7 ft below the trench base (14 and 27 ft bgs). 

Other CO PCs were detected at elevated concentrations (> 1,000 pCi/g) in the concentrated layer, 
including Am-241 , Eu-154, and Eu-155. In addition, Pu-238 and K-40 are present in the 
concentrated layer (< 1,000 pCi/g). Ru-106 and U-235 were not detected in either well. 

The gross alpha concentrations (up to 38,200 pCi/g) detected in the concentrated layer are 
indicative of the alpha emitters, primarily Pu-239/240 and Am-241 , that are present in high 
concentrations (> 1,000 pCi/g). Gross alpha concentrations decrease to less than 3 pCi/g near the 
water table. The gross beta concentrations (up to 305,000 pCi/g) detected are indicative of the 
beta emitter Sr-90 (> 10,000 pCi/g) that is present. Near the water table gross beta concentrations 
are < 130 pCi/g. 

3.2.2.3 Physical Property Analysis. Vadose zone physical property data from borehole 
199-N-108A are summarized in Table 3-6. Physical property samples were not collected at 
borehole 199-N-l 07 A. Gravimetric moisture content ranges from 2.60 to 8.86 percent. Particle 
density values have been estimated by the WHC Geotechnical Laboratory based on previous 
on-site work to range from 2.70 to 2.72 g/cm3

• Dry bulk density ranges from 1.76 to 2.08 g/cm3
• 

The gravimetric moisture data can be used to calculate volumetric moisture content if the dry 
bulk density of the soil is known. The volumetric moisture content is determined by multiplying 
the dry bulk density by the gravimetric moisture content. Porosity ranges from 24 to 35 percent. 
Saturated vertical hydraulic conductivity ranges from 3.0E-5 to 8.2E-4 cm/sec. Moisture 
retention curves and particle size distribution curves are presented in Appendix B. Generalized 
particle size distributions are illustrated graphically in Figure 3-9. 
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The RLS results for Co-60 and Cs-137 in boreholes 199-N-l 07 A and 199-N-l 08A are presented 
in Figures 3-10 and 3-11 and are compared to the laboratory analyses of soil samples removed 
from the boreholes. The complete set of RLS logs is presented in Appendix B. The radionuclide 
concentrations of Co-60 and Cs-13 7 measured by RLS compare well to laboratory results for 
soil. The RLS data provide a more detailed record of the contaminant distribution with depth 
and supplement the laboratory results . Because the high radionuclide concentrations exceeded 
the range of the detector, neither Cs-137 nor Co-60 concentrations are available at 199-N-107A 
in the concentrated layer to about 14 ft bgs. The concentrations of the naturally occurring 
radionuclides potassium, uranium, and thorium are typical for Hanford sediments. 

The RLS results for Co-60 and Cs-13 7 in wells _ 199-N-67 and R W# 1 are presented in 
Figure 3-12. Cobalt-60 concentrations in 199-N-67 range from 1 to 10 pCi/g. Cesium-137 
concentrations range from 1 to 320 pCi/g. The results from Well 199-N-67 may be less than 
those actually present in the soils because the readings were not compensated for bentonite that is 
present around the well. Soils at borehole 199-N-l 08A do not exhibit noticeable increases of 
Co-60 or Cs-137 below the old groundwater mound. The maximum Co-60 and Cs-137 
concentrations in RW# 1 are 1,300 pCi/g at 7 m (23 ft) bgs and 18,000 pCi/g at 6. 7 m (22 ft) bgs, 
respectively. The bottom of RW#l is at 8.2 m (27 ft bgs) and does not penetrate the old 
groundwater mound or the present water table. 

Moisture and porosity profiles of the soil column at boreholes 199-N-107A and 199-N-108A 
were measured by Schlumberger Well Services (Figures 3-13 and 3-14). The moisture data were 
measured with a neutron-neutron logging tool ; the porosity data were measured with a 
gamma-gamma density logging tool. The profiles are also presented in Appendix B. Both data 
types were collected continuously throughout the boreholes; however, the neutron-neutron 
system was not run in the upper 2.4 to 3 m (8 to 10 ft) for reasons of worker safety. 

Figures 3-13 and 3-14 present moisture and porosity profiles for boreholes 199-N-l 07 A and 
199-N-108A, respectively. Overall, the sediments at 1301-N range from dry to moist. The 
profiles provide a continuous log of the percentages of formation occupied by mineral matrix 
(i.e., sediment clasts and cement), air-filled porosity, and moisture-filled porosity. The 
neutron-neutron logging tool can not differentiate between hydrogen in water molecules and in 
other minerals (e.g. hydrous minerals such as clays). Because there are very few hydrous 
minerals present, the measurements represent the moisture content of the soil. Cementatious 
materials do not affect the moisture measurements. The volume of air-filled porosity is 
measured with a gamma-gamma density log allowing for moisture volume corrections. The sum 
of air-filled porosity and moisture is the total formation porosity. If the total formation porosity 
and moisture curves were to touch when plotted, the formation at that depth would be saturated. 
When the pores of the formation are completely filled with water, the formation is considered 
saturated. The volumetric soil moisture content ranges from 8.4 to 15.2 percent in 199-N-l 07 A 
and from 6.2 to 18.5 percent in 199-N-108A. The average moisture values are 12.3 and 10.0 
percent in 199-N-107 A and 199-N-108A, respectively. In a study by Engelman and others 

3-7 



DOE/RL-96-11 
Draft A 

(1995), many gravimetric moisture data from the unsaturated Hanford formation were converted 
to volume percent. The majority of the moisture readings are between two and 20 volume 
percent. There are no saturated zones in either borehole. 

Zones where a large volume of air-filled porosity occurs are indicative of low-moisture porous 
sands. The zones where the logged air-filled porosity is in error, because of high activities of 
gamma-emitting contamination, are indicated in Figures 3-13 and 3-14. The moisture log is 
unaffected by the contaminated zones. 

The moisture content log run by WHC for Well 199-N-67 was not evaluated because the neutron 
tool was measuring the moisture content of the bentonite around the well casing rather than soil 
conditions. R W# 1 was not included in the DOW for moisture content logging because it was not 
known whether the well was still in place. Once it was determined that the casing was in place, 
it was also determined that the WHC neutron tool was no longer acceptable. Therefore, the well 
was logged by RLS only. WHC moisture data does not meet DQOs and should only be used 
qualitatively. 

3.2.4 Field Screening 

A radiological control technician (RCT) performed field screening for radioactivity using a 
portable scintillation counter to measure levels of beta-gamma activity. Alpha activity was 
measured using a portable alpha monitor (PAM). The measured radioactivity was compared to 
the site (shielded) background to assess radiological contamination levels present in the soil. To 
decrease the site background radioactivity at the 199-N-l 08A drill site, drums filled with water 
were placed between the drill site and the trench. Small shielded enclosures were made at the 
drill site and in the sampling van to further reduce the background radiation level so that samples 
could be surveyed. 

The highest radiological readings were measured on crib gravels removed from borehole 
199-N-107A at 3.4 m (11 ft), with up to 150 mR/hr, on contact through the drive barrel. Split
spoon samplers in borehole 199-N-l 07 A had contact radiation exposure levels measuring 
31 mR/hr on a sample at 3.4 m (11 ft) decreasing to 5 mR/hr at 4 m (13 ft) and I mR/hr at 7 m 
(23 ft). As radiological activity decreased with depth, the measurements of radiological 
exposures in mR/hr changed to the measurement of radiological contamination in terms of 
disintegrations per minute. In general, changes in field readings correlated with changing 
lithology (i.e., zones with higher silt content would have higher field readings). Only one sample 
from 1301-N had field detectable alpha activity (up to 2,200 dpm) on contact with soil in the 
split spoon, measured at about 3.5 m (11.5 ft) in 199-N-l 07 A. 

3.2.5 Surface Radiation Measurements 

During the planning phases of the LFI, radiation measurements in rnrem/hr were collected 1 m 
(3 ft) above the concrete panels ( about 5 .2 m [ 1 7 ft] above the ground surface) on the 1301-N 
trench. These measurements were taken to support radiation dose estimations for the LFI 
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workers and to assist in locating borehole 199-N-l 08A at a location of potential high 
contamination. The results of this survey are shown in Figure 3-15. The survey indicated that 
the majority of gamma energy radionuclides ( essentially Co-60 and Cs-13 7) in the near surface 
are located at the portion of the trench closest to the crib. The dose rate was about 300 mrem/hr. 

3.3 1325-N RES UL TS 

Two wells were geophysically logged by RLS (199-N-35 and 199-N-45), and one borehole was 
drilled (199-N-l 09A) and geophysically logged to characterize 1325-N. Wells 199-N-35 
199-N-45 are located 3 m (10 ft) and 25.9 m (85 ft) from the 1325-N crib, respectively. Borehole 
199-N-l 09A was drilled about 3 m (10 ft) away from the edge of the 1325-N crib concrete panel 
toward 1301-N and the Columbia River. The following discussions relate to these wells and 
borehole. 

3.3.1 Geology 

The stratigraphic units encountered during drilling were the Hanford formation and the Ringold 
Formation. In borehole 199-N-109A, the Hanford/Ringold contact was encountered at 13.4 m 
(44 ft) bgs and the water table was encountered at 19.2 m (63 ft) on December 28, 1995, 
(Figure 3-16). A detailed geologic log is presented in Appendix B. 

The Hanford formation encountered in 199-N-109 A consists primarily of basalt gravel in a 
matrix of sand and silt. No distinguishable sand layers were encountered. The basalt content of 
the gravels is greater than 75 percent, and some clasts exhibit carbonate coatings. The contact 
between the Hanford formation and the Ringold gravels was recognized during drilling by a 
slower drill rate and distinct lithologic change at about 13.4 m (44 ft). An increase in K-40 was 
noted at 13.4 m (44 ft) in the geophysical log, which is indicative of the Unit E of the Ringold 
Formation. 

Unit E of the Ringold Formation consists primarily of gravel in a matrix of sand and silt with 
variable siliceous and calcareous cementation. The gravel clasts are mostly subrounded-to
rounded basalt, quartzite, and granite. The basaltic content of the gravel is about 30 percent. No 
distinct sand layers were encountered at this location. No perched water was observed during 
drilling. 

3.3.2 Soil Samples 

Soil samples from borehole 199-N-l 09A were collected at discrete depths and submitted for 
radiological, chemical, and physical property analyses. The borehole summary log for 
199-N-109A is presented in Figure 3-16. The summary log shows the elevation and depth of 
sample collection intervals, well construction, sample collection methods, sample identification 
numbers, analytical laboratory, lithology, sieve analyses, and moisture content in weight percent. 
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3.3.2.1 Metal Analysis . Soil samples were analyzed for cadmium, chromium, lead, and nickel 
. to determine the distribution of these metals adjacent to 1325-N. These data are presented in 
Table 3-7. Concentrations of these metals are at background except cadmium, which does not 
have a reported background concentration. 

3.3.2.2 Radionuclide Analysis. Radionuclide analysis on 199-N-l 09A soil indicates that the 
contamination at 1325-N occurs from Co-60, Cs-13 7, and Sr-90 and is comparable to the 
distribution profile adjacent to 1301-N (199-N-108A). The data are presented in Table 3-7 
(Quanterra) and Table 3-8 (222-S Laboratory). For comparative purposes and to support the 
discussion of radionuclide distribution, Figure 3-17 presents the laboratory data and the RLS 
results for borehole 199-N-l 09A. 

The following radionuclides have been detected adjacent to the 1325-N crib: actinium (Ac)-228, 
Am-241 , bismuth (Bi)-214, Cs-137, Co-60, Eu-152, Eu-154, Eu-155, lead (Pb)-214, Mn-54, 
K-40, Pu-238, Pu-239/240, Ra-224, Ra-226, Ra-228, Sr-90, Th-228, Th-32, U-234, U-235 , and 
U-238 . Cesium-144, Cs-134, Co-58, Fe-59, and Ru-106 were not detected by gamma ray 
spectrometry. 

The highest concentrations of Co-60 (up to 379 pCi/g), Cs-137 (573 pCi/g), and Sr-90 
(1 ,340 pCi/g) are near the depth of the 1325-N Crib base. Concentrations decrease with depth to 
the low pCi/g levels. Plutonium-239/240 has been detected in the low pCi/g (up to 24.1 pCi/g) 
range. 

The gross alpha concentrations (up to 39.8 pCi/g) detected are indicative of the alpha emitters, 
primarily Pu-239/240 and Am-241 , that are present at low concentrations ( <25 pCi/g). The gross 
beta concentrations (up to 3,170 pCi/g) detected are indicative of the beta emitter Sr-90 that is 
present(> 1,000 pCi/g). Just above the water table, the gross alpha concentration is less than 
detectable, and the gross beta concentration is <43 pCi/g. 

Other radionuclides (Eu-154, Eu-155, Mn-54, K-40, Ra-226, U-234) that were detected were 
found essentially at low concentrations ( <15 pCi/g) near the crib base. Ru-106 was not detected. 
U-235 was detected at less than 1 pCi/g. 

3.3.2.3 Physical Property Analysis. Physical property analyses are summarized in Table 3-9. 
Gravimetric moisture content ranges from 2.54 to 5.76 percent. Particle density values range 
from 2.864 to 2.981 g/cm3. Dry bulk density ranges from 1.921 to 2.175 g/cm3

. Wet bulk 
density ranges from 1.986 to 2.239 g/cm3

• The gravimetric moisture data can be used to 
calculate volumetric moisture content if the dry bulk density of the soil is known. The 
volumetric moisture content is determined by multiplying the dry bulk density by the gravimetric 
moisture content. Porosity ranges from 24.4 to 34.4 percent. Saturated vertical hydraulic 
conductivity (permeability) ranges from 5.3E-2 to 6.2E-2 cm/sec. Moisture retention curves and 
particle size distribution curves are presented in Appendix B. Generalized particle size 
distributions are presented in Figure 3-16. 
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The RLS results for Co-60 and Cs-137 for borehole 199-N-109A are presented in Figure 3-17 
and are compared to the laboratory analyses on soil removed from the borehole. A complete set 
of the RLS geophysical logs is presented in Appendix B. 

The concentrations of Co-60 detected by RLS are similar to those detected by laboratory 
analyses on soil collected during drilling. The maximum concentration of Co-60 detected was 
175 pCi/g at the base of the crib. Cesium-137 was detected at the base of the crib in 
concentrations up to 420 pCi/g and has not been detected at depths between 2.5 ft below the 
trench base ( 12 ft bgs) to the water table. 

The RLS results for Co-60 in soil at wells 199-N-35 and 199-N-45 are presented in Figure 3-18 . 
Cobalt-60 concentrations range from 1 to 10 pCi/g with a noticeable increase in concentrations 
below the old groundwater mound. This increase below the mound was not detected in 
199-N-109A. Cesium-137 in soil has not been detected in these wells. Moisture profiles of 
wells 199-N-35 and 199-N-45, measured by WHC, are presented and discussed in Appendix B. 
The profiles are qualitative because they do not meet DQOs; however, they provided preliminary 
data on moisture distribution and were used to support the proposition that 1325-N is analogous 
to 1301-N. 

Moisture and porosity profiles of the soil column at 199-N-109A were measured by 
Schlumberger Well Services (Figure 3-19). A discussion of profile format is presented in 
Section 3.2.3 , and the profiles are presented in Appendix B. Both logs were collected 
continuously throughout the borehole; however, the neutron-neutron system was not run in the 
upper 2.6 m (8 .5 ft) . Figure 3-19 presents moisture and porosity profiles for 199-N-109A. 
Overall, the sediments range from dry to moist. The volumetric soil moisture ranges from 8.2 to 
17.9 percent with an average value of 11 .7 percent. There are no saturated zones in this 
borehole. 

Zones where a large volume of air-filled porosity occurs are indicative of low-moisture porous 
sands. The zone where the logged air-filled porosity is in error, because of high activities of 
gamma-emitting contamination, is indicated in Figure 3-19. The moisture log is unaffected by 
the contaminated zones. 

3.3.4 Field Screening 

An RCT performed field screening for radioactivity using a portable scintillation counter to 
measure levels of beta-gamma activity. Alpha activity was measured using a PAM. The 
measured radioactivity was compared to the site (shielded) background to assess radiological 
contamination levels present in the soil. To decrease the site background radioactivity at the 
199-N-l 09A drill site, a metal shield was placed on the concrete crib panels next to the drilling 
area. Small shielded enclosures were made at the drill site and in the sampling van to further 
reduce the background radiation level so that samples could be surveyed. 
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Contamination was first detected just above the crib base 2.4 ft (8 ft bgs) at 30,000 dpm beta
gamma. The highest activity detected was approximately 45 ,000 dpm beta-gamma on the first 
split-spoon sample collected from the crib base. Radiological activity progressively decreased 
with depth to less than 2,000 dpm below 25.5 ft (35 ft bgs) and became difficult to determine 
above the background for the borehole site. Using field instruments, no detectable radiological 
activity was found in samples collected from 35.5 ft (45 ft bgs) and below. No alpha activity was 
detected on any of the borehole soils. 

3.3.5 Surface Radiation Measurements 

During the planning phases of the LFI , radiation measurements in mrem/hr were collected 1 m 
(3 ft) above the concrete panels (about 4 m [13 ft] above the ground surface) on the 1325-N crib. 
The results of this survey are shown in Figure 3-20. In general, the dose rate was about 
50 rnrem/hr at the 1325-N crib, with maximum readings up to about 125 mrem/hr. 

3.4 RESULTS OF OTHER INVESTIGATIONS 

Soil characterization information was collected during drilling for the N Springs ERA and were 
evaluated for this LFI because Sr-90 was detected in soil near the water table. In 1995, three 
extraction wells (199-N-103A, 199-N-105A, and 199-N-106A) and one injection well 
(199-N- l 04A) were drilled to support the N-Springs Pump-and Treat Project (Walker, 1996; 
Glaman and Walker, 1995). The purpose of the pump-and-treat system is to remove Sr-90 from 
extracted groundwater. During well drilling eighty soil samples were collected for one or all of 
the following by a split-spoon sampler or from the drive barrel: 

• total activity to characterize the soil and waste for shipping (222-S Laboratory) 

total activity, gamma spectrometry, and Sr-90 to characterize soil (Environmental 
Analytical Laboratory [EAL]) 

• physical properties to verify screen size and filter pack decisions (WHC Geotechnical 
Laboratory) 

• strontium-90 sorbtion to characterize soil (Pacific Northwest National Laboratory 
[PNNL]) 

total strontium desorbtion to estimate the remobility of the contamination (PNNL) 

metals, total paraffin hydrocarbon-diesel, gross alpha, gross, beta, Sr-90, tritium, Co-60, 
and Cs-13 7 to determine the method used to dispose of drill cuttings (Quanterra). 

The laboratories that performed the analyses are indicated in parentheses. The results of these 
analyses are presented in Appendix A, Table A8-l . 
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Because the three extraction wells were drilled at locations where Sr-90 is present in 
groundwater, they were expected to have detectable levels of Sr-90 in soil. The analytical results 
can be used for comparison to the LFI borehole results for informative purposes only. Soil 
samples were not collected in the exact manner as those collected during this LFI, so caution 
should be used when making decisions based on a comparison. For example, the PNNL results 
for Sr-90 are not directly comparative because different analyses and size fractions were 
performed for different purposes resulting in different concentrations from EAL results. The 
PNNL samples analyzed were oven-dried, at <2-mm aliquots of selected sediments to determine 
the sorbtion and desorbtive properties of Sr-90 on finer soils present in the soil column. 

Strontium-90 was detected in the old groundwater mound at concentrations about 700 pCi/g. 
The conceptual model (Section 4.0) and QRA (Section 5.0) use this previously acquired data for 
evaluation purposes. 

3.5 SUMMARY OF RESULTS 

The results of the LFI are summarized as follows: 

The vadose zone consists of Hanford formation sands and gravels overlying gravel
dominated Unit E of the Ringold Formation. 

The current average depth to groundwater below the facilities ranges from about 22.9 m 
(65 ft) to 19.8 m (75 ft) . 

The highest concentrations of metals are located at 1301-N in the "concentrated" layer 
from the base of the crib to a few feet below it. 

The majority of radionuclide contamination occurs as Co-60, Cs-137, Sr-90, and 
Pu-239/240 and is located primarily in the concentrated layer. 

• Concentrations of Co-60, Cs-137, Sr-90, and Pu-239/240 decrease significantly with 
depth. 

• Strontium-90 has migrated deeper than the other radionuclides, but concentrations also 
decrease with depth. 

Four wells drilled near 1301-N and 1325-N for another project had Sr-90 in soil near the 
water table. 

No saturated zones were encountered above the water table during the LFI drilling. 

The following section presents the conceptual model for 1301-N and 1325-N and provides the 
framework for the QRA. 
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Figure 3-1. 1301-N Cross Sections with Depths and Elevations 
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Figure 3-2. 1325-N Cross Sections with Depths and Elevations 
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Figure 3-3. Locations of Stratigraphic Cross Sections 
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Project: 1301-N/1325-N LWDF Drilling Well No: 199-N-107A I Page 1 of 2 

Date Started: 11-28-95 Date Completed : 12-8-95 Total Depth : 76.00 Static Water Level : 75.00 

Logged By: D. C. Weekes Checked By: G. G. Kelty Surface Elevation : 460.05 Casing Elevation : 463.92 

Drilling Co: Water Development Hanford Co . Driller: M. Wrasplr/G. Howell Northing : 149685.11 Easting: 571462.35 

Drilling Method: Cable tool Drilling Equipment : Bucyrus Erle 22W 

Screen : NA 

Filter Pack : NA 

Permanent Casing : Temporary Casing: 16" 0-9", 10 " 0-16 .2', 8 " 0-76.2' 

Comments : Characterization borehole through 1301-N Crib (see DOE/RL-94-104) elevation Is In FEET NGVD29 (calculated from NAVD88 In meters), Northing and 

Easting are In METERS referenced to WCS83(1991 JS 
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Project: 1301-N/1325-N LWDF Drllllng 

Elev'n 
(Feet) Casing Well " .. 

Strings Construction a. ~ Remarks 
Depth (inches) E " "' £ (Feet) (/) 

JQ.6 

420 40 40.0 GLF9 S, AR 

4'.6 

46.0 AR 

.... 
410 50 60.0 GLGO S, AR 

63.6 

M .O AR 

66.0 

69.0 GLO l S, GL96 0, AR 

L,.) 400 60 
I 

l-.J 
t✓ 

.... 

... o HIV6 S, AR 
390 70 

73.6 

74.0 AR 

Legend to, umplo • : Add 8 
prefix for HEIS Number (e .Q 
BOGLF4) 
S • 222S L,b. 0 • 

3B0 BO Ou,nterr• lab , D • 
duplicet•. AR • archive 
CH • chemical umple , G 
• gr • b ,ample 

___,, 
·o. 

o·_J.........() 

<>: 
o-:--o 

·" .. ·, ·•. 
.• 

' . 
.....;...g 

·o. 
o·_!--0_ 

·o. 
o·.· "· . a.-
o· " . CT 

o·. ·o· 
·o 

0. · o 
.. 0 . 

0 . : o· 
·o 

o·. o_ 
O· 

Q• -0 . 

0 

'l · ,:,· 

· -o 

o. . 0 . 

• 0 • 

0 . '! 

CZ SPIC B 

Well No: 199-N-107A 

Lithology 

38-42 Sandy ORAVEL 
HANFORD/RINGOLD CONTACT 
AT 42 ft 

42-48 SIity Sandy GRAVEL: 

48-52 Gravelly SAND 

62-66 Silty Sandy GRAVEL 

65· 76 Sandy ORAVEL 

Water at 76 ft 

TD• 76 ft 

Total Gamma 
log (cps) 

% CaC03 • • • • iO 

%Moist -

Page 2 of 2 

Molature 

wt% 

l-%j .... 
(1Cj 

= ., 
Ct> 
w 
I 

00 

r:,; 
= 8 
8 
=,., 

~ 
t'"'4 
0 

(1CI 

~ ., 
Oj 
0 ., 
Ct> 
c:r 
0 -Ct> ,_. 
-.a 
-.a 
I :z 
I ,_. 

0 
-..J 

> 
,,--._ 
'7j 
Pl 

(JQ 
(1) 

N 
0 ....., 
N 

'--" 

t1 
0 

t1 tTl 
,-; 

~ Pl 
::t, 

I 

• '-0 
0\ 

I ,_. 
,_. 



vJ 
I 

N 
vJ 

Project: 1301-N/1325-N LWDF Drilling Well No: 199-N-108A I Page 1 of 2 

Date Started : 11-6-95 Date Completed : 11-16-95 Total Depth : 75.00 Stat ic Weter Level: 72.00 

Logged By : D. C. Weekes Checked By: G. G. Kelty Surface Elevation : 456.76 Casing Elevation : 460.29 
Drilling Co : Water Development Hanford Co . Driller : G. Howell/M. Wraspir Northing: 149812.50 Easting : 571541.51 

Drilling Method: Cable tool Drillino Equipment : Bucyrus-Erle 22W 

Screen : NA 

Filter Peck: NA 

Permanent Casing : Temporary Casing : 10· 0 -36.4', a· 0-10 .a · 

Comments : Characterization borehole next to 1301-N Trench (see DOE/RL-94-104I elevation Is In FEET NGVD29 (calculated from NAVDBB In meters). Northing and 

Easting In METERS referenced to WCS83(1991 )S 
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Project: 1301-N/1325-N LWDF Drilling Well No : 199-N-108A 
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Figure 3-13. Borehole 199-N-107A Porosity and Moisture Log 
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Figure 3-14. Borehole 199-N-108A Porosity and Moisture Log 
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Project: 1301-N/1325-N LWDF Drilling Well No: 199-N-109A I Page 1 of 2 

Date Started: 12-19-95 Date Completed : 12-28-95 Total Depth: 64.64 Static Water Level: 63 .00 

Logged By: D. C. Weekes Checked By: G. G. Kelty Surf aca Elevation: 450.45 Casing Elevation : 454.85 

Drilling Co : Water Development Hanford Co . Driller : M. Wrasplr/G. Howell Northing: 149630.62 Easting: 571898.17 

Drilling Method : Cable tool Drilling Equipment : Bucyrus-Erle 22W 

Screen : NA 
Filter Peck: NA 
Permanent Cas ing: Temporery Casing: 10 " 0-21·, 8" 0-64.64' 

Comments: Characterization borehole next to 1325-N Crib (see DOE/RL-94-104) elevation Is In FEET NGVD29 (calculated from NAVDBB In meters). Northing and Easting 

in METERS referenced to WCS83(1991 )S, 8" casing was driven below the hole depth 
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Figure 3-19. Borehole 199-N-109A Porosity and Moisture Log 
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Table 3-1. Conversion of Feet to Meters 

2 3 4 5 6 7 

0.6 0.9 1.2 1.5 1.8 2.1 

12 13 14 15 16 17 

3.7 4.0 43 4.6 4.9 5.2 

22 23 24 25 26 27 

6.7 7.0 7.3 7.6 7.9 8.2 

32 33 34 35 36 37 

9.8 10.1 10.4 10.7 11.0 11.3 

42 43 44 45 46 47 

12.8 13.1 13.4 13 .7 14.0 14.3 

52 53 54 55 56 57 

15.9 16.2 16.5 16.8 17.1 17.4 

' 

62 63 64 65 66 67 

18.9 19.2 19.5 19.8 20.1 20.4 

72 73 74 75 76 77 

22.0 22.3 . 22.6 22.9 23.2 23.5 

3-37 

8 9 10 

2.4 2.7 3.1 

18 19 20 

5.5 5.8 6.1 

28 29 30 

8.5 8.8 9. 1 

38 39 40 

11.6 11.9 12.2 

48 49 50 

14.6 14.9 15.2 

58 59 60 

17.7 18.0 18.3 

68 69 70 

20.7 21.0 21.3 

78 79 80 

23 .8 24.1 24.4 
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Sample ID: BOGL&8 IJOGL89 IJOGL9I BOGL92 (Dup) IJOGL95 BOGL94(EB) 

Elevation (feet above mca11 sea level) 451 -449 4,19.447 432-430 432-430 403-40 I --
Depth (feet below gro1111d surface) 9-11 11-IJ 28-30 28-30 57-59 --

Depth from crib base (feet) (-1)-1 1-J 18-20 18-20 47-49 -- Background 

Sample collected: 11/29/95 11 /30/95 12/5/95 12/5/95 12/8/95 12/8/95 Values 

lladionuclitlcs (pCi/g) 

Americium-241 1,110 1,050 NR NR NR NR .. 
Ceriun ,-1 44 -130 U 62 .9 U -0 .57 U 0.0968 U -0 .0378 U -0 .103 U .. 
Ccsium- 134 JI.I U 4.8•1 U -0 01 U -0.0459 U -0 .0177 U -0 .00734 U .. 
Ccsi11 111 - l J 7 DA 15,800 12,500 U6 6.01 0.0144 U 0.01 16 U 0.919 
Cobalt-SB -120 U -100 U 0.0383 U -0 .00793 U 0.0116 -0 .0553 U .. 
Cobalt-60 139,000 120,000 4.96 5.57 1.29 -0.00425 U .. 
Europium-152 2.85 U 71 .7 U 0.0936 U -0 .207 U 0.034 I U 0.0453 U .. 
Europium- I 54 990 807 0.155 U 0.147 U 0.0133 U -0 .0017 U .. 
Europium-I 55 207 141 0.0209 U 0.133 U 0.0133 U 0.0359 U .. 
Gross Alpha 1,980 2,530 HJ 6.43 U 6.61 3.62 U .. 
Gross lleta 128,000 IJ 1,000 4,480 5,120 293 2.88 .. 
lron-59 -40 U 142 U -0 .284 U -0 .0398 U 0.0729 U -0 .0956 U .. 
Mo111ganesc-5 11 56.8 U 19 .) U 0.0983 U 0.047 U 0.0357 U -0 .0116 U .. 
Pluto11ium-238 226 465 -0.00126 U 0.00823 U 0.00339 U -0.000822 U .. 
Plutonium239/40 1,590 3,3~0 0.023 U 0.0708 -0.00156 U 0.00472 U 0.021 
Potassium-40 879 55.4 9.33 9.93 15.7 0.488 16.64 
Radium-224 DA NR NR NR 0.552 U 0.435 0.0857 .. 
Radi,1111-226 NR NR Nil Nil NR NR .. 
Radium-226DA 104 U 25 U 0.346 J 0.369 J 0.365 J 0.189 J 0.815 
Radium-228 NR Nil NR NR NR NR .. 
Radium-228DA NR NR NR NR 0.562 NR .. 
Rutheuium-106DA 103 U -425 U 0.403 U -0 .203 U -0 .146 U -0 .0924 U .. 
Stro11ti11111-90 9,560 19,700 1,530 1,310 50 0.0771 U 0.167 

Thorium-228DA 35.5 U 144 U 0.47 0.402 0.462 0.179 .. 
Tl1ori11111-232DA 62 .2 U - 156 U 1.08 0.388 U 0.6H NR 1.315 
Urm1it11n-23 •1 10.5 U 5.12 U 0.41~ 0.479 0.302 0.0347 .. 

--· - - ---
Uranium-235 0.677 U -0.672 U 0.0227 U 0.00386 U 0.0193 U 0.00388 U .. 
Urau ium -238 -0 .226 U 9.99 U 0.363 0.441 0.364 0.0127 U .. 

lnor~anics (mg/K~) 
Cadmiu 111 0.46 B 0.73 0.37 B 0.47 B 0.19 0.08 U .. 
Chro111iu111 ~S.7 J 57.7 J 8 J 12.7 J JU J 0.23 BJ 18.5 
Lead 6.3 J 21.9 J 1.3 J 1.2 J 1.5 J 0.1 U 10.2 
Nickel 16.7 J 15.7 J 5 J 7.5 J 13.8 J 0.4 UJ 19.1 

U = The conce11trntio11 is u11detected at the speci fied detectio11 limit. 
J = 11,e co11ce11tration have bee11 qualified as estimated. 
NR = Not requested 

B = Concentration is less than the co11tracl req11ircd detection limit (CRDL) but greater than the i11slrumc11t detected limit (!DI.) . 
UJ = Co11ce11tratio11 ma)• not accurately renect the sample detection limit a11d the associated data have bec11 qualified as estimated. 
Dup = Duplicate sample collected al the si te . 

EIJ = Equipment Bla11k • • = Not repor1ed . 
-- = No depth associated with equ ipment blank. 
BJ = The co11centration repo11ed is less than the co11lrac1 required detection limit (CRDL) but greater 1ha11 the i11strument detected limit (IOI.). 

Due to minor quality co11trol deliciency ide11tilied during data validation the associated data have been qualilied as estimated . 
DA (Daughters)= Actual gamma lines are measured from a daughter isotope with ass11med equilibrium with the repor1ed pare111. 
Negative radio1111clide results = Radioactive res11lts arc measured as decay cou111s (e .g. cou111s perimimrte) . 

A11 average background count subtrnc lion is applied, which may Uc 111orc than the specific sample cou111, therefore il ncgalivc result is possible . 
Backgrou11d values for lnorganics arc from Hanford Site Backgro1111d, l'art I, DOE/RL.-92-24, Rev. 3 and arc the 90th percentile from the log uon11al distribution . 
13ackground values for Radionulcides arc from Hanford Site Background, Par1 2, DOE/RL-96-12, Oran A and arc the 90th perce11tile from the log 11onnal distrib11tio11 . 
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Sample TD: DOGL71 DOGL73 DOGL75 (Dup) DOGL81 DOGL86 DOGL79(EIJ) 

Elevation (feet above mean sea level) 442 .5-440 .5 434-432 434-432 415-4 13 395-393.5 --
DepU1 (feet below ground surface) 14 .5-16.5 23-25 23-25 42-44 62-63.5 --

Depth from trench base (feet) (-3 .5)-(-1.5) 5-7 5-7 24-26 44-45 .5 -- Dackground 

Sample collected: 11/9/95 11/10/95 11/10/95 11/15/95 11/1 6/95 11/15/95 Values 

Radionuclide! (pCi/g) 

Americium-241 6.55 NR NR NR NR NR .. 
Cerium-144 -0 .638 U 0.163 U 0.259 U -0.0552 U -0.0879 U 0.0565 U .. 
Cesium-134 5.28 -0 .0578 U -0 .0252 U 0.0237 U -0.037 U -0.0188 U .. 
Cesium-I 37DA 6,770 44.3 65.8 0.00704 U -0.0205 U 0.0135 U 0.919 
Cobalt-58 -0.559 U -0 .00341 U -0.0 123 U 0.0425 U 0.0158 U -0.01 18 U .. 
Cobalt-60 1,200 7.1 9.2 0.547 0.535 -0.0278 U .. 
Europium-I 52 0.833 U 0.00937 U 0.0632 U -0.0682 U -0.00833 U -0.0386 U .. 
Europium- I 54 8. 17 0.178 U 0.232 0.0979 U -0.0225 U 0.00875 U .. 
Europium-155 2.36 0.0 13 U 0.112 U -0.00806 U 0.109 U -0.03 16 U .. 
Gross Alpha 30.1 7.69 7.6 9.33 2.9 U 2.99 U .. 
Gross !Jeta 5,750 3,790 2,740 132 328 2.14 U " 
lron-59 0.221 U -0. 127 U 0.0766 U -0.219 U 0.0356 U -0 .01 21 U " 
Mangancse-54 0.936 0.0565 U 0.0493 U -0.0179 U -0.00807 U 0.00963 U .. 
Plutonium-238 1.17 U 0.105 U 0.0862 U -0.00376 U 0 U -0.00608 U .. 
Pl utonium 239/40 12.6 0.02 11 U 0.301 U -0 .00376 U -0.004 16 U -0.00187 U 0.021 
Potass ium-40 13.7 J 18.1 J 15.8 J 10.9 J 18.6 5.68 J 16.64 
Radium-2 24DA NR 0.772 0.903 0.462 0.415 0. 115 .. 
Radium-226 NR NR NR NR NR NR .. 
Rauium-226DA 1.54 U 0.599 J 0.808 J 0.5 J 0.524 J 0.258 J 0.8 15 
Radi um-228 NR NR NR Nil NR NR .. 
Radium-228DA NR NR 0.59 0.814 NR NR .. 
Ruthenium-I OGDA 0.378 U -0.271 U -0. 159 U 0.0126 U -0. 13 U -0.145 U .. 
Strontium-90 768 1430 1,740 57.9 144 0.274 0.167 
Thorium-228DA 0.744 U 0.883 I.US 0.748 0.635 0.185 J .. 
Thorium-232DA -1.13 U NR 1.12 0.596 0.822 0.27 1.315 
Uranium •234 0.111 U 0.407 U IU 0.534 0.398 0.0433 .. 
Uranium-235 -0. 111 U 0.0762 U 0.104 U 0.0324 U 0.0268 U -0 .00146 U .. 
Uranium-238 1.74 0.343 U 0.842 0.487 0.48 0.0892 .. 

Inorganics (mg/Kg) 
Cadmi um 0.35 U 0.36 U 0.36 U 0.35 U 0.09 U 0.08 U .. 
Chromium 22.2 J 18 .5 J 20.4 J 27.3 J 13 J 0.12 BJ 18.5 
Lead 0.57 J 0.69 J 0.76 J 0.21 DJ 0.63 J 0.1 UR 10.2 
Nickel 13. l J 9.3 J 9.8 J 14.5 J 12 .5 J 0.4 U 19.1 

U = 11,e concentration is undetected at the specified detection limit. D = Concentration is less th an the contract required detection limit (CRDL) but greater than the instrnment detected lim it (IDL). 
J = The concentrat ion have been qualified as estimated. Dup = Duplicate sample collected at the site . 
NR = Not requested • • = Not reported . 
EB = Equipment Blank -- = No depth associated with equipment blank. 
BJ = TI1e concentration reported is less than the contract required detec tion limit (CRDL) but greater th an the instrnment detected lim it (IDL) . 

Due to minor quali ty control deficiency identified during data validation the associated data have been qualified as estimated. 
DA (Daughters)= Actual gamma lines are measured from a daughter isotope with assumed equilibrium with the reported parent. 
Negative radionuclide results - Radioactive results are measured as decay counts (e.g. counts per/minu te) . 

An average background count subtraction is applied, which may be more than the specific sample count, therefore a negative result is possible. 
Dackground values for !J10rganics are from Hanford Site Dackground, Part I, DOE/RL-92-24, Rev. 3 and arc the 90th percentile from the log nonnal distribution. 
Background values for Radi onulcides arc from Hanford Site Dackground, Part 2, DOE/RL-96-12, Dran A and are the 90th percentile from the log nonnal distribution. 

..., 
~ 
O" 
;;-
(J..I 
I 
w ,p .. o 
.... °" ~ 

~ ~ 
I ....i::: :z '° I -i:::: .... 

0 
00 '~ > -.J 

> r-.l 

= CJ"., 

~ 

'< t:J ..... 
;:;· 0 
~ t:J tn - ~ t::, 

., 
~ 

~ ::ti ..... I 

~ • '-0 
0\ ::;, ' 

0 >-' 

8 ..... 
t:T' 
('D 

~ 
C: 
t,:I 

= -('D 
'"1 
'"1 
t,:I 

~ 
t,:I 
O" 
0 
'"1 
t,:I -0 

~ 



vJ 
I 

+'" 
0 

Sample ID: BOGGC3 • BOGLF4 BOGLF5 

Elevation (feet above mear 
sea level ). NIA 45 1-449 449-447 

Depth (feet below ground 
surface) NIA 9- 11 11 - 13 

Depth from crib base (feet) NIA (- 1 )-1 1-3 

Sam ple Collected : 8n5195 l tn9/95 11130195 
Units: pCi/g pCilg pCi/g 

Acti nium-228 NR NR NR 

Americium-241 17,300 856 1,130 

Hismuth-21 4 NR NR NR 
Cerium- 144 NR 456 U 402 U 
Ccs ium-134 NR 97.9 U 87.8 U 

Cesium-137 102,000 12,100 15,100 

Coba lt-60 56,300 107,000 132,000 

Europium- 154 11 ,800 1,030 1,370 
Europium- 155 4,120 355 304 

Gross Alpha 13 ,9 00 941 38,200 
Gross Beta 305,000 63,700 60,600 
Lead-214 NR NR NR 
Manganese-54 NR 140 U 127 U 
Pl utonium-23 8 NR NR 222 U 

Pl utonium-239 12,700 -- 689 

Potassium-40 NR 422 U 457 U 
Radium-224 NR NR NR 

Radiu m-226 NR 1,410 U 1,260 U 
Rutheni um-I 06 NR 1,930 U 1,740 U 

Stronti um-90 92,299 3,250 12,600 

Thorium-228 NR 5,270 U 4,650 U 

•sample was col lected from soil on a boul der removed from the base of th e crib. 
U = The concentration is undetected ot the specified detection limi t. 

NR = Not requested 
NIA= Not appl icable 
Dup = Duplicate (second) sample coll ected at borehole. 

BOGLF7 

437 

23 

13 
1215195 
pCilg 

NR 
NR 

NR 
11.2 U 
2.61 

2,790 
23.9 

0.978 U 
5.55 U 
2.52 U 

4,310 
NR 

0.568 U 
NR 

--
0.11 

NR 
45 U 
29 U 

1,170 
·152 

-- = Analysis was not performed because the total al pha activ ity was less than 20 pCilg. 
• • = Not reported. 

BOG LF6 BOG LF8 (Dup) DOG LF9 

432-430 432-430 420 

28-30 28-30 40 

18-20 18-20 30 
1215195 1215195 12/6195 
pCi/g pCilg pCilg 

NR NR NR 
NR NR NR 
NR NR NR 
6.5 U NR 2.51 U 

0.282 U 0.225 U 0.097 U 
5.81 5.69 0.143 U 
5.82 5.25 1.2 

0.557 U 0.567 U 0.286 U 
2.01 U 1.85 U 0.716 U 
2.18 U 3.39 U 1.44 U 

2,810 2,490 1,680 
NR NR NR 

0.265 U 0.258 U 0.097 U 
NR NR NR 

-- -- --
7.02 U NR 11.6 
NR NR NR 

6.77 U 9.28 U 3.36 U 
4.81 U 4.69 U 1.85 U 

1,550 1,350 1,080 
54.2 U 50.4 19.9 U 

Background values are from Hanford Si te Background, Part 2, DOE/RL-96-1 2, Draft A and arc the 90th percentile from the log norm al distribution. 
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1216195 12/8195 12/8195 Values 0 

--l 
pCi/g pCilg pCilg pCilg > 

NR NR NR .. > 
NR NR NR •• 
NR NR NR •• 

1.17 U 2.44 U 2.45 U •• 

= ~ 

~ .... .... 
0.076 U 0.144 U 0.16 1 U .. 

NR 0.4 1 U 0.42 1 U 0.919 
0.786 1.15 0.709 .. 
0.294 U 0.524 U 0.49 U .. 
0.332 U 0.703 U 0.697 U .. 
0.968 U 1.96 U 2.77 .. 
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3 .... 
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Sample ID: BOGLD2 BOGLD5 BOGLD3 BOGLD4 (Dup) BOGLD6 

Elevation (feel above mear 
sea level) 443-441 439 434-432 434-432 429 

Depth (feel below grounc 
surface) · 14.5-1 6.5 18 23-25 23-25 28 

Depth from trench basf 
(feel) (-3 .5)-(- 1.5) 0 5-7 5.7 10 

Sample Collected : 11 /9/95 11/9/95 11/10/95 11 / 10/95 11/10/95 

Units: pCi/g pCi/g pCi/g pCi/g pCi/g 

Actinium-22 8 NR NR NR NR NR 
Americium-241 NR NR NR NR NR 

Bismuth-214 NR NR NR NR NR 

Cerium-144 66.7 U 107 U 22 U 15.5 U 12 U 

Cesium- 134 5.54 U 17. l 1.5 U 1.32 U 0.962 U 

Ccsium- 137 3,200 15,700 108 84.9 24.1 

Cobult-60 522 3,300 10.4 14.2 3.53 

Europium-154 9.05 U 18.3 U 3.99 U 3.64 U 2.2 U 

Europium-155 16.1 U 24 .1 U 609 U 4.2 1 U 3.18 U 

Gross Alpha 1.4 51.1 1.33 U 1.45 U 1.31 U 

Gross Beta 2,280 17,600 2,690 2,770 435 

Lead-2 14 NR NR NR NR NR 

Ma nganesc-54 5 05 U 9.49 U l.35U 0.978 U 0.943 U 

Plulonium-238 NR 11.2 NR NR NR 

Pluton ium-239 . . 73.7 . . . . .. 
-----

l'otass iu m-40 43 .1 U 43 .3 U 48.4 U 

Rad ium-224 NR NR NR 

Radium-226 121 U 200 U 36.1 U 

Ruthenium- I 06 109 U 184 U 31.4 U 

Strontium-90 139 785 1,4 10 

Thorium-228 427 U 651 U 165 U 

U = The concentra tion is undetected at the specified detection lim it. 

NR = Not requested 
Dup = Duplicate (second) sample collected al borehole. 

13 U 
NR 

27.1 U 
16.1 U 

1,380 

11 5 U 

•. = Analysis was not performed because the total alpha activity was less th an 20 pCi/g. 

•• =Not reported . 

35.4 U 
NR 

20.8 U 
20 U 

195 

81 U 

BOGLD7 BOGLD8 BOGLD9 AOGLFO 

424 .5 415-413 410 405 

32.5 42-44 47 52 

14.5 24-26 29 34 
11/1 0/95 11/15/95 11/15/95 11 /15/95 

pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

6.89 U 7.42 U 9.32 U IO.I U 
0.622 U 0.536 U 0.808 U 0.688 U 

1.34 U 1.73 U 2.27 lJ 1.7 U 

0.999 U 0.832 U 0.976 U 1.37 U 
1.61 U 2.24 U 3.11 U 3.76 U 
1.66 U 1.98 U 2.12 U 2.68 U 
l.38U 1.02 U 1.86 U 2.46 U 
228 80.9 34.8 20 
NR NR NR NR 

0.59 1 U 0.589 U 0.969 U 0.988 U 
NR NR NR NR 

.. . . .. .. 
- - ---- .. 

15.7 U 27.1 U 35.2 U 12.6 U 
NR NR NR NR 

11.7 U 12.9 U 16.2 U 21 .8 U 
10.6 U 12.6 U 14.4 U 18.9 U 
119 24 .6 4.33 1.38 

51.7 U 48.9 U 63 .5 U 75.4 U 

Background values arc from Hanford Site Background, Part 2, DOE/RL-96-12, Drnfi A and are the 90th percentile from the log nonnal di stribut ion. 
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DOE/RL-96-11 
Draft A 

Table 3-6. 199-N-lOSA Physical Properties Data 

Sample Sample 
Interval Elevation 

Sample 

(ft bgs) (ft aMS L) 
Number 

15 - 44 1.76- BOGL72 
15.5 441.26 

18 438.76 BOGL76 

24 - 432.76 - BOGL74 
24 .5 432.26 

28 428.76 BOGL77 

32 424.76 BOGL78 

43 - 4 13.76- BOGL80 
43 .5 4 13.26 

47 409.76 BOGL82 

52 404 .76 BOGL83 

59.5 397.26 BOGL84 

62.8 - 393.96 - BOGL85 
63 .3 393.46 

69 387.76 BOGL87 

Note: See Appendix B fo r deta iled results 

Gravel = particles greater than 2 mm 
Sand = particles between 2 and 0.075 mm 
Fines= partic les below 0.075 mm 
NA = not analyzed 

Moisture 
Content 
(Wt%) 

4.03 

2.98 

8.86 

3.83 

2.60 

6.48 

2.84 

4.27 

4.93 

2.77 

3.20 

Dry Bulk Part icle 
Particle Size 

Density Density Porosity 
Distribution 

(g/cm') (g/cm1
) 

Gravel 69.1 % 2.08 2.72 0.24 
Sand 25.5% (estimated) 
Fines 5.4% 

Gravel 83.7% NA NA NA 
Sand 11 .6% 
Fines 4.7% 

Gravel 3.5% 1.76 2.70 0.35 
Sand 66.1% (est imated) 
Fines 30.4% 

Gravel 66.6% NA NA NA 
Sand 30. 1% 
Fines 3.3% 

Gravel 54 .3% NA NA NA 
Sand 41.3% 
Fines 4.4% 

Gravel 60.9% 2.00 2.72 0.26 
Sand 3 1.1 % (estimated) 
Fines 8.0% 

Gravel 62.9% NA NA NA 
Sand 3 1.3% 
Fines 5.8% 

Gravel 0.5% NA NA NA 
Sand 87.9% 
Fines 11 .6% 

Gravel 60.0% NA NA NA 
Sand 37.7% 
Fines 2.3% 

Gravel 50.8% 1.96 2.72 0.28 
Sand 42.2% (estimated) 
Fines 7.0% 

Gravel 66.2% NA NA NA 
Sand 26.8% 
Fines 7.0% 

Moisture 
Retenti on 

see graph in 
Appendix B 

NA 

see graph in 
Appendix B 

NA 

NA 

see graph in 
Appendix B 

NA 

NA 

NA 

see graph in 
Appendix B 

NA 

Estimated = particle density determination was not requested ; laboratory estimated val ue based on previous onsite work. 

3-42 

Saturated 
Hydraul ic 

Conductivi ty 
(cm/sec) 

3.2 x IO-' 

NA 

3.0 x J0·5 

NA 

NA 

8.2 x JO-' 

NA 

NA 

NA 

7.4 x I O-' 

NA 
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Sample ID: IJOGL97 OOGL99 DOGJ.B I UOGLU3 DOGL04 (Dup) DOGLD6 OOGLCO DOGLU8 (ED) 

Elevalion (feel above mean sea level) 443-441 4415-439 434-432 427-425 427-425 412-410 391.5-389.5 .. 
Deplh (feel below ground surface) 8-10 10- 12 17-1 9 24-26 24-26 39-41 59.5-61.5 .. 

Deplh from crib base (feel) (•U)-0.5 1-3 8-10 15-17 15-17 30-32 49.5-52 --
Sample collecled: 12/19/95 12/20/95 12n0/95 12/22/95 12/22/95 12/27/95 12/28/95 12/27/95 

Radionuclides (r1Cl/g) 
Americium-241 14.2 NR NR NR NR NR NR NR 
Ccrium -144 2.36 u -0.079 u -0 .176 u -0.04 85 u -0 .131 u -0.09 15 u -0.1 73 u -0 .0309 u 
Cesium-134 0.633 u -0 .0 107 u -0.00192 u -0.0138 u -0.0137 u 0.0031 u -0.0296 u -0 .0 113 u 
Cesium-1 37DA 573 0.522 0.143 0.0587 0.0337 u 0.00348 u -0.0148 u -0 .0072 1 u 
Coball-58 0.268 u -0 .03 u -0 .0036 u 0.00897 u 0.00889 u -0.0391 u 0.00725 u -0 .013 u 
Coball-60 379 4.51 2.37 1.57 1.43 0.546 1. 48 -0.00818 u 
Europium-152 -0.315 u -0.116 u -0 .0339 u 2.05 0.703 0.21 6 0.00 186 u 0.0472 u 
Europium-154 2.86 0.0062 1 u 0.106 u 0.1 64 u 0.129 u 0.0456 u 0.0676 u -0.0048 I u 
Europium- 155 2.02 0.0156 u 0.0136 u 0.0912 u -0 .023 1 u 0.0212 u -0 .0203 u -0.00461 u 
Gross Al pha 39.8 6.69 5.7 5.52 6.8 5.19 4.53 u -0.906 u 
Gross Bela 3,170 2,450 808 530 491 64 60.5 1.53 u 
lron-59 0.236 u -0.135 u -0 .08•15 u -0 .131 u -0 .127 u 0.0867 u -0.0488 u 0.0232 u 
Manganese-54 2.74 -0 .000466 u -0 .0106 u 0.00315 u 0.0234 u 0.00878 u 0.0152 u 0.0205 u 
Plulonium-238 3.81 0 u 0.075 1 u 0 u 0.0142 u -0 .00257 u 0.00589 u -0.00105 u 
Plulonium239/40 24.1 0.385 u 0.15 0.0246 u -0 .00228 u 0 u 0.0103 u -0.00105 u 
Potassium•40 12.S J 9. 01 ., 9.62 J 8.03 J 7.93 J 8.62 J 12 .4 J 4.19 J 
Radium-224DA NR 0.353 0.422 OA73 0.477 0.535 0.627 0.125 

Radium-226 NR NR NR NR NR NR NR NR 
Radium-226DA I.SB 0.322 J 0.368 J 0.415 J 0.304 J 0.358 J 0.34 J 0.116 u 
Radium-228 NR NR NR NR NR NR NR NR 
Radium-228DA NR NR 0.481 NR NR NR 0.434 NR 
Rulhenium-106DA 2.44 u 0.178 u 0.205 u 0.153 u -0.162 u 0.245 u 0.0541 u -0.00963 u 
Slronl ium-90 1,340 1,230 401 226 200 27.7 16 -0.013 u 
Titorium-228DA 0.535 u 0.409 0.42 0.406 0.498 0.574 0.567 0.304 
Thorium-232DA -0.167 u NR 0.622 0.504 0.156 0.682 o.6 16 0.134 u 
Uranium-234 1.3 6 0.451 u 0.727 0.642 0.354 0.348 0.454 0.0509 
Uranium-235 -0.21 UJ 0.0846 UJ 0.0333 UJ -0.00422 UJ 0.00763 UJ 0.0169 UJ 0.0291 J 0.00324 UJ 
Uranium-238 0.776 u 0.564 u 0.44 0.435 0.531 0.5 0.4 18 0.0278 

lnorga nics (mg/Kg) 
Cadmium 0.36 U 0.36 U 0.35 U 0.35 U 0.3 5 U 0.09 U 0.36 U 0.08 U 
Chromium 8.9 J 6.2 J 3.2 J 5 J 3.6 J 1.7 J 12.2 J 0.24 DJ 
Lead 2.7 1.9 1.7 1.6 1.7 1.2 3.2 0.1 U 
Nickel 8.5 J 7.4 J 4.6 J 5.5 J 4.5 J 3.4 J 11 .9 J 0.4 U 

U = The concenlralion is undetecled at the specified de lection limi l. 
J = The concentration have been qualified as estimalcd. 
NR = Not requested 

D = Concenlralion is less lhan lhc conlracl required deleclion limit (CRDL) bul greater than lhe instrument delected limit (IDL). 
UJ = Concenlration may not accuratel y reOecl the sample de tection limit and the associated dala have been qualified as estimated . 
Dup = Duplicale sample collected al 1he sile . 

EB= Equipment Blank • • = Nol reported . 
-- = No depth associated with equipment blank. 
BJ= The concentration reported is less than the contract required detection limit (CRDL) but greater than the instrument detected limi t (IDL). 

Due to minor quali ty control deficiency idcnlified during data validati on the associated data have been qualified as estimated. 
DA (Daughters) = Actual gamma lines arc measured from a daughter isotope with assum ed equilibrium with lhc reported parenl. 
Negative radi onuclide results - Radioactive results arc measured as decay counls (e .g. counls per/minulc) . 

An average background counl sub1rac1ion is applied, which may be more than the specific sample counl , there fore a ncgalive result is possible . 
Background values for l.norganics are from Hanford Sile Background, Part I, DOE/RL-92-24, Rev . 3 and arc 1hc 90th percenli lc from the log nomtal dis tribuli on. 
Background values for Radionulcides arc from Hanford Sile Background, Part 2, DOE/RL-96-12, Oran A and are 1he 901h percen1i lc from the log nonnal dislribulion . 
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Sample ID: BOHIV7 BOHIV8 

Elevation (feet above mear 
sea level). 443-441 441 -439 

Depth (feet below grounc 
surface)· 8-10 10-12 

Depth from crib base (feet) · (-1 .5)-0.5 1-3 
Sample Collected : 12/19/95 12/20/95 

Units : pCi/g pCi/g 

Actinium-228 NR 0.866 

Americium-241 6.51 NR 

Bismuth-214 NR 0.65 

Cerium-144 5.29 U 2.29 U 

Cesium-134 0.4 78 U 0.105 U 

Cesium-137 371 0.211 U 

Cobalt-60 225 3.83 

Europium-154 1.05 U 0.332 U 

Europium-155 1.37 U 0.677 U 

Gross Alpha 5.26 0.969 

Gross Beta 2,440 1,610 

Lead-214 NR 1.09 

Manganesc-54 1.11 0.13 U 

Plutonium-238 NR NR 

J>lutonium-239 NR NR 

Potassium-40 10.1 9.18 

Rad ium-224 NR Nil 

Radium-226 9.32 lJ 3.28 lJ 

Ruthenium- I 06 9.29 U 2.07 U 

Strontium-90 1,080 866 

Thorium-228 36.5 U 18 .2 U 

U = The concentra tion is undetected at the specified detection lim it. 

NR = Not requested 
Dup = Duplicate (second) sample collected at borehole. 

BOHIV9 BOHIWI 

434 -432 427-425 

17-19 24-26 

8- 10 15-17 
12/20/95 12/22/95 

pCi/g pCi/g 

NR NR 
NR NR 

0.59 NR 
1.57 U 5.79 U 

0.0917 U 0.402 U 
0.14 U 0.498 U 
1.65 1.73 

0.287 U 1.2 U 
0.448 U 1.05 U 

1.15 U 0.981 
579 346 

0.788 NR 
0.109 U 0.417 U 

Nil NR 
NR NR 

6.56 17.9 U 
Nil Nil 

2.29 U 10 lJ 

1.67 U 7.23 U 
331 193 

12 U 27.6 U 

-- = Analysis was not performed because the total alpha activity was less than 20 pCi/g. 

••=Not reported . 

BOHIW2(Dup) BOHIW3 OOI-IIW4 

427-425 421 4 12-410 

24-26 30 39-41 

15- 17 21 30-32 
12/22/95 12/22/95 12/27/95 

pCi/g pCi/g pCi/g 

NR NR 0.794 
NR NR NR 
Nil NR 0.709 

3.33 U 3.02 U 0.936 U 
0.185 U 0.24 1 U 0.0763 U 
0.415 U 0.512 U 0.14 U 

1.95 2.78 0.542 
0.654 U 0.681 U 0.264 U 

1.05 U 0.826 U 0.264 U 
1.42 U 0.912 1.45 U 
319 228 30.5 
NR NR 0.787 

0.209 lJ 0.24 6 U O.OR9 lJ 

NR NR NR 
NR Nil NR 

7.19 6. 38 U 9.86 
20.5 NR NR 
4.83 U 5.23 U 1.77 U 
4.08 U 3.99 U 1.42 U 
147 127 2.34 

28. 3 U 22.9 U 7.23 U 

Background values are from Hanford Site Oackground, Part 2, DOE/RL-96- 12, Drafl A and are the 90th percentile from the log normal distribution . 
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Table 3-9. 199-N-109A Physical Properties Data 

Sample Sample Moisture 
Interval Elevation 

Sample 
Content 

(ft bgs) (ft aMSL) 
Number 

(Wt%) 

10 440.45 BOG L96 5.38 

10.5 - 439.95 - BOGL98 5.76 
11 439.45 (3.969% 

from liner) 

17.5 - 432 .95 - BOGLB0 3.72 
18 432.45 (3.208% 

from liner) 

24.5 - 425.95 - BOGLB2 3.36 
25 425.45 (2.97% from 

liner) 

30 420.45 BOGLB5 5.63 

39.5 - 4 10.95- BOGLB7 3.59 
40 410.45 (3.39 1% from 

liner) 

50 400.45 BOGLB9 2.54 

60 390.45 BOGLCI 4.63 

Note: See Appendix B for detailed results. 

Grave l = particl es greater than 2 mm 
Sand= particles between 2 and 0.075 mm 

Fines= particles below 0.075 mm 
NA = no t analyzed 

Dry Bulk Particle 
Particle Size 

Density Density Porosity 
Distribution 

(g/cm') (g/cm') 

NA NA NA NA 

Gravel 76. 1 % 2.20 1 (wet) 2.981 0.290 
Sand 23.2% 2.l1 7(dry) 
Fines 0.7% 

Gravel 64.5% 2. 135 (wet) 2.864 0.278 
Sand 33.5% 2.069 (dry) 
Fines 2.0% 

Gravel 72.0% 2.239 (wet) 2.875 0.2-P 
Sand 26.3% 2.1 75 (dry) 
Fines 1.7% 

Gravel 77.7% NA NA NA 
Sand 19.5% 
Fines 2.8% 

Gravel 72. 1% 1.986 (wet) 2.927 0.344 
Sand 27 .0% 1.92 1 (dry) 
Fines 0.9% 

Gravel 79.2% NA NA NA 
Sand 17.9% 
Fines 2.9% 

Gravel 58 .0% NA NA NA 
Sand 32.6% 
Fines 9.4% 

3-45 

Saturated 
Mo isture Hydrauli c 
Retention Conductivity 

(cm/sec) 

NA NA 

see graph in 5.9x 10·1 

Append ix B 

see graph in 5.8 X J0·l 
Appendix B 

see graph in 6.2 X J0·l 

Append ix B 

NA NA 

see graph in 5.3 X l0·2 

Appendix B 

NA NA 

NA NA 
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4.0 CONTAMINATION DISTRIBUTION, TRANSPORT, AND FATE 
IN THE V ADOSE ZONE 

This section addresses the distribution, transport, and fate of contaminants of concern identified 
in the DQO report (BHI, 1996) for the 1301-N and 1325-N facilities . The overall objectives of 
this section are to provide a comprehensive description of the contamination resulting from 
1301-N and 1325-N and to provide an explanation of the vadose zone contaminant transport 
mechanisms. These results provide the technical and physical framework on which the RA and 
analytical contaminant transport analyses are to be based. The conceptualization presented in the 
DQO report (BHI, 1996) has not been changed as a result of this LFI. However, the discussion 
and presentation of the site conceptual model presented in the DQO report have been revised to 
support the objectives of this section. The zones established in the DQO were not used here 
because they were established to identify data gaps and guide the effort to collect new data. The 
discussion presented here is based on the interpretation of the previously collected and compiled 
data and the new data collected for this LFI. 

Specifically, the objectives of the section are to 

• Identify the data and describe the contaminant characteristics relevant to the current 
distribution, transport, and fate of the contaminants of concern. 

• Describe the source term characteristics. 

• Describe the hydro geologic characteristics of the vadose zone. 

• Discuss contaminant mobility in the vadose zone related to lateral movement, drainage, 
recharge, and river stage effects. 

Figure 4-1 depicts the site conceptual model from BHI ( 1996) upon which this discussion is 
based. 

4.1 CONTAMINANTS OF CONCERN AND DATA INVENTORY 

Cobalt-60, Cs-137, Sr-90, Pu-239/240, and Cr have been identified as contaminants that are 
consistently present at elevated concentrations at the base of and/or in the deeper vadose zone 
below the 1301-N and/or 1325-N facilities . Four sources of data are available to define the 
contaminant distribution at 1301-N and 1325-N: 

1. Historical sediment samples from the 1301-N trench (TS-01 to TS-09) (Table A2-1) and 
the 1325-N crib (CS-01 to CS-12) (Table A3-l). 
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2. Soil sample and RLS data collected from the LFI boreholes 199-N-l 07 A, 199-N-l 08A, 
and 199-N-l 09A (Section 3.0). 

3. Soil sample data collected from the N-Springs pump-and-treat Wells 199-N-l 03A, 
199-N-104A, 199-N-105A, and 199-N-106A (Table A8-l), and PNL research Wells I , 
2, and 3 (Table A8-l) . 

4. RLS data collected from the Wells 199-N-35, 199-N-45, 199-N-67, and PNL Research 
Well I (Appendix B-4). 

Radionuclide concentrations have been decayed to April 1996 for comparative purposes to 
support the following discussions and the RA. The concentrations of chromium can be found in 
Tables 3-2, 3-3 , and 3-7. The contaminants were detected at 1301-N and 1325-N in the 
following concentration ranges: 

• Co-60 - 0.54 pCi/g up to 139,000 pCi/g 
Cs-137 - 0.06 pCi/g up to 102,000 pCi/g 

• Sr-90 - 2.34 pCi/g up to 92,299 pCi/g 
• Pu-239/240 - 0.15 pCi/g up to 12,700 pCi/g 
• Chromium - 0.12 mg/Kg up to 57.7 mg/Kg. 

The physical and chemical characteristics of these contaminants that affect their distribution are 
discussed below. 

4.1.1 Contaminant Characteristics 

A major factor controlling the subsurface distribution and mobility of radionuclides is the 
physical state and speciation of the contaminants. The radionuclide speciation data are presented 
in Table 4-1 . Overall, cationic and particulate forms of the radionuclide contaminants are 
expected to have low mobility in the subsurface because they exhibit large distribution 
coefficients (Kd) and react and adsorb quite readily to soil. Cobalt-60 was discharged in both 
particulate and cationic form; Cesium-13 7 was discharged primarily in cationic form. 
Information regarding the physical state of the Pu-239/240 in the effluent is not available, but 
Pu-239/240 is known to precipitate in solutions with pH> 2. Although the form of Sr-90 in the 
discharge is also unknown, it is assumed to be cationic because of its observed behavior. The 
distribution coefficient of Sr-90 present in 100-N Area soils has been thoroughly investigated 
(see Ames and Seme, 1991; Seme and LeGore, 1996) and Sr-90 has been shown to be retarded in 
the subsurface. Table 4-2 shows the reported range of Kd values for the radionuclides of concern 
under conditions applicable to 1301-N and 1325-N. 

Sodium dichromate was discharged to 1301-N from 1968 until the early 1970s (BHI, 1996); 
therefore, the chromium was originally discharged to the soil as hexavalent chromium. 
Hexavalent chromium is highly soluble and does not generally adsorb to the soil to any 
significant degree. Hexavalent chromium tends to reduce to trivalent chromium in the presence 
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of organic matter and iron while trivalent chromium can be oxidized to hexavalent chromium in 
the presence of manganese (Bartlett and James, 1979; Bartlett and Kimball, 1976; and Bartlett 
and James, 1988). The soil at 1301-N is high in iron, based on the high iron levels found in 
samples sent to Quanterra. The speciation of the chromium in the vadose zone is currently 
unknown, but is believed to be trivalent (see Section 4.2.2) . Trivalent chromium migration 
through soil is retarded in the soil, whereas hexavalent chromium is not. The Kds for trivalent 
chromium are >200 mg/Land for hexavalent chromium range from Oto 5 mg/L depending on 
soil conditions. At the Hanford Site, the Kd for hexavalent chromium is assumed to be 
effectively zero. 

4.1.2 Contaminant Distribution in the Vadose Zone 

Cobalt-60. The highest concentration of Co-60 occurs near the base of the facilities or directly 
below them in the shallow subsurface identified as the concentrated layer in Section 3. Sampling 
and radionuclide logging system (RLS) results collected from the three boreholes drilled for this 
LFI all display this pattern of contamination. Below the concentrated layer, the concentration 
decreases sharply with depth and asymptotically approaches 1 pCi/g beginning at a depth of ~35 
ft below the base of the crib and ~ 15 below the base of the trench· at 1301-N, and ~5 ft below the 
base of the crib 1 at 1325-N. Contamination levels within the 1301-N trench and 1325-N facility 
are probably higher than those measured in the boreholes, and the concentrated layer probably 
extends farther down than previously detected in the boreholes, but the pattern of contamination 
is essentially the same. Results from other analogous sites, such as the 116-K-2 process effluent 
trench, also indicate that Co-60 accumulates and remains near the base of discharge facilities 
(BHI, 1996). 

Within the 1301-N crib, the concentration decreases from over 100,000 pCi/g to between 10 and 
100 pCi/g (~4 orders of magnitude) in the interval between 10 to 20 ft below the base. Adjacent 
to the 1301-N trench, the concentration decreases from over 1000 pCi/ g to~ 10 pCi/ g ( ~ 2 orders 
of magnitude) in the interval from the base of the trench to 10 ft below it. The concentration of 
Co-60 in sediment samples collected in the 1301-N trench in 1985 ranged between 260,000 and 
1,600,000 pCi/g, which represents about an order of magnitude decrease from the data collected 
in the years 1980 to 1984. Reasons for the decrease are uncertain and may include changes in 
operations, changes in sampling collection technique, and changes in concentration measurement 
technique. However, if the 1985 concentration values are accurate and representative of 
conditions in the trench at that time, then the concentrations decayed to April 1996 would be on 
the order of250,000 pCi/g, which is consistent with the value measured in the LFI 1301-N crib 
borehole. 

Concentrations of Co-60 directly beneath 1325-N in the concentrated layer are believed to be 
similar to the levels beneath the 1301-N trench; but less by about half an order of magnitude than 

·Note that the LFI borehole was not drilled within the facility, but the sampling results are 
assumed to represent the contamination profile beneath the facility . 
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those detected at the 1301-N crib. The 1325-N crib received significantly less effluent than 
1301-N, and the average Co-60 concentration of the 1985 1301-N trench sediment samples was 
more than twice the average Co-60 concentration of the 1985-1987 1325-N crib sediment 
samples (1 ,000,000 versus 370,000 pCi/g). Further evidence supporting this assertion comes 
from the surface radiation survey above the concrete panels of both facilities conducted prior to 
the field investigation for this LFI. The dose rates measured 4.0 m (13 ft) above the 1325-N crib 
soil surface (~50 rnrem/hr) were much less than those measured 5.2 m (17 ft) above the 1301-N 
trench soil surface near the crib (~300 mrem/hr), but close to the dose rate measured along the 
remainder of the trench (~100 rnrem/hr, see Figures 3-15 and 3-20). Knowing that the 
contaminants at 1301-N and 1325-N are distributed in the vadose zone in a similar profile (see 
Section 3.0) , the lower dose rates at 1325-N indicate that the concentrations of Co-60 (and other 
gamma-energy radionuclides such as Cs-137) are less there than at 1301-N. Consequently, it is 
assumed that, if a borehole were drilled through the 1325-N crib, the concentrated layer would be 
present, and the concentrations would be less by about a half an order of magnitude than those 
found at the 1301-N crib. 

Minimal lateral spreading of Co-60 has occurred in the upper vadose zone around the 1301-N 
and 1325-N facilities. Evidence of this comes from soil samples from the boreholes located 
closest (within ~50 m) to the facilities (Well 199-N-67 and PNL Research Wells 1, 2, and 3 at 
1301-N, and Wells 199-N-35 and 199-N-45 at 1325-N), and the pump-and-treat extraction and 
injection wells installed as part of the N-Springs ERA (refer to Figure 2-1 ). PNL Research Wells 
1, 2, and 3 were sampled in August 1982 when sediment concentrations in the upper end of the 
1301-N trench exceeded 20,000,000 pCi/g. Sampling occurred in the N Springs ERA pump-and
treat wells when they were installed in 1995. RLS was performed in Wells 199-N-67, 199-N-35, 
199-N-45, and RW 1 in 1995. 

The maximum sample concentrations in RW 1 occurred 45 to 55 ft bgs and ranged between 9 
and 10.5 pCi/g. The maximum sample concentrations in the other two research wells occurred 
~55 to 80 ft bgs and ranged between ~0.6 to and~ 1.5 pCi/g. RLS measurements made during 
1995 in Wells RW 1 and 199-N-67 indicate that Co-60 has migrated sparsely laterally. RLS 
readings in R W 1 peaked at ~ 13 00 pCi/ g at a depth of~ 23 ft bgs, but readings outside the depth 
interval 20 to 25.5 ft bgs were below 10 pCi/g. At 199-N-67, about 6 pCi/g were observed from 
~30 to ~55 ft bgs. Well 199-N-103A is the closest of the N Springs ERA pump-and-treat wells 
to 1301-N crib. Co-60 sampling there began at a depth of 29 ft bgs, but Co-60 was not detected 
until sampling reached 59 ft bgs. Co-60 was detected in 5 out of 13 samples and was detected at 
a concentration > 1 pCi/g only in the sample taken at a depth of 70-72 ft bgs. Co-60 was only 
detected in 3 of21 samples taken at Well 199-N-105A (maximum concentration 1.52 pCi/g at a 
depth 51-53 ft bgs) and 4 of 14 samples taken at Well 199-N-106A (maximum concentration 
0.453 pCi/g at a depth 96-98 ft bgs). Based on the information available, Co-60 contamination in 
the vadose zone around the 1301-N facility does not appear widespread laterally. Certainly there 
was no immediate lateral movement in the direction of the PNL research wells, otherwise the 
concentrations encountered there in 1982 would have been much higher. There may be some 
locations where changes in lithology or general vadose zone heterogeneities have caused some 
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minor spreading (discussed in section 4.3), but almost all of the contamination remains within 
the footprint of the 1301-N facility . 

RLS results from Wells 199-N-35 and 199-N-45 indicate that virtually no lateral spreading has 
occurred around the 1325-N facility. The maximum activity encountered at both wells was less 
than 20 pCi/g, with the peak occurring ~50 ft bgs at 199-N-35 and ~65 ft bgs at 199-N-45. The 
log of 199-N-45 shows a second peak of about 10 pCi/g occurring between ~45 and ~55 ft bgs. 
Sampling during installation of Well 199-N-l 04A detected Co-60 almost continually from a 
depth of ~65 ft bgs to ~90 ft bgs, but at concentrations less than 0.2 pCi/g. Contamination 
around 1325-N has not spread laterally to any significant degree, but some minor lateral 
migration has probably occurred because of interfingering sand lenses or general vadose zone 
heterogeneities (see Section 4.3). 

Cesium-137. At 1301-N and 1325-N, the distribution ofCs-137 contamination is almost 
identical to Co-60 in the three LFI boreholes, except that the Cs-13 7 concentration was three 
orders of magnitude higher than the Co-60 concentration in the sample taken about 3.0 m (10 ft) 
beneath the 1301-N crib. The shape of the RLS plots is practically the same for Co-60 and Cs-
13 7 in the three LFI boreholes. The concentration of Cs-13 7 detected in the concentrated layer in 
1301-N crib was ~100,000 pCi/g, decr~asing to ~6 pCi/g at 13 ft bgs, and approaching 1 pCi/g 
asymptotically beginning at a depth of ~40 ft below the base of the crib. The same inferences 
made about the Co-60 contamination levels from the surface dose surveys also apply to Cs-13 7 
(Co-60 and Cs-137 are both gamma emitters). Concentration levels in 1325-N crib are expected 
to be close to those found in the 1301-N trench, and about half an order of magnitude less than 
those found in the 1301-N crib. 

Besides the single sample from Well 199-N-l 07 A, the only other differences in the Co-60 and 
Cs-137 data are that the RLS results at PNL Research Well 1 showed a peak concentration of 
about 18,000 pCi/g at a depth of ~20 ft bgs, Cs-13 7 was not detected during the RLS performed 
at 199-N-35 and 199-N-45, and Cs-137 was detected much less frequently than Co-60 during the 
1982 sampling of PNNL Research Wells 1, 2, and 3, and during the installation ofN Springs 
ERA pump-and-treat Wells 199-N-l 03A, 199-N-l 04A, 199-N-l 05A, and 199-N-l 06A. 
Considering that Co-60 and Cs-13 7 were discharged together in the effluent and their transport 
characteristics in soil are very similar, the contaminant distribution of these two radionuclides in 
the vadose zone is expected to be similar. 

Strontium-90. Strontium-90 is present throughout the vadose zone beneath the 1301-N and 
1325-N. The highest concentration levels are located within the concentrated layer. 
Contamination in this layer ranges between 10,000 and 100,000 pCi/g, which is consistent with 
the trench sediment samples collected at the 1301-N trench and the 1325-N crib. No inferences 
can be made from the surface radiation measurements because Sr-90 is a beta emitter, not a 
gamma emitter. The concentration decreases approximately 1 to 2 orders of magnitude from 10 
to 30 ft bgs. The concentration remains fairly uniform below ~30 ft bgs, although it does appear 
to taper off with increasing depth (approximately one order of magnitude over 30 ft). In wells 
and boreholes located around the facilities and toward the Columbia River, Sr-90 is present in the 
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deeper vadose zone, especially within the volume occupied by the old groundwater mound. The 
concentrations in soil generally decrease with distance away from the facilities toward the 
Columbia River. In addition, Sr-90 is present in elevated concentrations in the groundwater. 

Plutonium-239/240. The soil samples collected during this LFI supplement the results from the 
sediment samples collected during facility operations and confirm that plutonium is concentrated 
at the base of the facilities. Except for one of the duplicate sample taken at 18-20 ft below the 
1301-N crib (0.07 pCi/g) and the sample taken 8-10 ft below the 1325-N crib (0.15 pCi/g), Pu-
239/240 was not detected in the LFI boreholes below a depth of 3 ft below the base of the either 
facility. The highest Pu-239/240 detected during this LFI was at the base of the 1301-N crib. In 
the concentrated layer of 1301-N crib, the .Pu-239/240 concentration measured between 689 and 
12,700 pCi/g. During facility operations, Pu-239/240 concentration averaged ~20,000 pCi/g in 
nine 1301-N Trench samples collected in 1985, and ~33,000 pCi/g in eleven samples collected 
from 1325-N crib in 1987. Both the historical sediment sampling events and the LFI results 
confirm that the Pu-239/240 is present in a thin layer at 1301-N and 1325-N. 

The results of this LFI confirm that minimal lateral spreading has occurred. Plutonium was 
detected in the low pCi/g range in shallow soil adjacent to the 1325-N crib, in contrast to the high 
concentrations (nCi/g ranges) detected at the base of the 1325-N crib during its operation. Pu-
239/240 was not detected during installation of the N-Springs ERA pump-and-treat wells, except 
for a single sample taken at a depth of 96-98 ft bgs from Well 199-N-l 06A (0.122 pCi/g). No 
data were available from the PNL Research wells. 

Chromium. Chromium is present in the concentrated layer and throughout the vadose zone. 
The sample data from Well 199-N-107A show that most of the retained chromium in the 1301-N 
crib is contained within the concentrated layer where the concentrations range between 45 and 60 
mg/kg. Below that, the concentration remains fairly uniform at ~ 12 mg/kg. Data from the two 
LFI wells drilled adjacent to the facilities show chromium more evenly distributed through 
depth. The concentration next to the 1301-N trench ranges between 13 and 27 mg/kg, and the 
concentration next to the 1325-N crib ranges between 3 and 12 mg/kg. 

Contaminant Mass Balance Estimates. Before the LFI boreholes were drilled, estimates of 
radionuclide inventory in the subsurface were made using the reported inventory discharged to 
1301-N, the near surface sediment sampling, the facility dimensions, and the assumed bulk 
density of the soils underneath the facility. These calculations were performed for the DQO 
report (BHI, 1996). The mass balance calculations indicate that the entire documented inventory 
of Co-60, Cs-137, and Pu-239/240 should be accounted for in the upper 0.76 m (2.5 ft) for 1301-
N, while for Sr-90 the mass balance calculations indicate relatively high concentrations (> 10,000 
pCi/g) are likely to be distributed in the first 4 m (13 ft) directly underneath the facility . How 
these calculations were made and the assumptions that went into them are given in Figures 4-2 
through 4-5. The mass balance calculations in the DQO report (BHI, 1996) used a bulk density 
of 1.6 g/cm3

• The physical property data collected during the LFI indicates the soils underlying 
these facilities have a bulk density of approximately 2 g/cm3

• This would decrease the depth of 
contamination predicted by the DQO report by approximately 20 percent. 
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There is excellent agreement between what was predicted by the mass balance calculations for 
199-N-l 07 A and what was actually observed in the LFI borehole. The mass balance calculations 
predicted that most of the Co-60, Cs-137, and Pu-239/240 contamination should be contained 
within ~0.06-0.07 m (~0.20-0.25 ft) of the crib base. For Co-60 and Pu-239/240, relatively high 
concentrations (> 100,000 pCi/g for Co-60, and> 1,000 pCi/g for Pu-239/240) were measured in 
the first 0-1 m (0 - 3 ft) below 1301-N. The concentration then decreased by approximately three 
orders of magnitude at the next sample location 4 m (13 ft) below 1301-N crib base. For Cs-137, 
the change in concentration at 199-N-107 A was only about one order of magnitude for the same 
sample interval. Comparing the Co-60 and Cs-13 7 RLS plots and sampling from other depths in 
199-N- l 07 A indicates that the Cs-137 concentrated layer probably does not extend this deep into 
the ground. Furthermore, contaminant data collected from the other LFI wells indicate that the 
concentrated layer of Cs-13 7 does not extend all the way to the depth of 4 m ( 13 ft) below the 
crib surface. 

The mass balance calculations predicted that most of the Sr-90 contamination should be 
contained within ~4 m (13ft) of the crib base. Sr-90 was detected throughout the vadose zone 
and at fairly uniform concentrations below the concentrated layer. While Sr-90 is retarded in the 
soil , it is not retarded as much as the other radionuclides . The difference between the model 
results and the data findings merely indicates that while the concentrated layer sorbed large 
quantities of the Sr-90 during disposal, a quantity of Sr-90 also migrated downward all the way 
through the vadose zone and into the aquifer. This fact has been verified and is the subject of an 
on-going ERA. 

4.2 SOURCE-TERM CHARACTERISTICS 

The operational history and characteristics of the effluent discharged to the 1301-N and 1325-N 
facilities are important controlling factors on the nature and distribution of contaminants 
associated with these facilities. As described in Section 1. 1 of this report, 1301-N and 1325-N 
are the primary sources of contaminants found in the vicinity of these facilities . Contamination 
originating from other nearby facilities and unplanned releases is thought to have no impact on 
the contamination observed at 1301-N and 1325-N. 

4.2.1 Water Source Term 

A significant volume of water was discharged continuously to 1301-N and 1325-N throughout 
most of their operational histories . Figure 4-6 illustrates the average discharge volume for each 
year of operation for both facilities. An average operational areal recharge rate for the L WDFs 
can be calculated from approximate discharge volume ( ~ 1.0E+ 7 Lid for 1301-N and 
~2.5E+6 Lid for 1325-N) and the surface area of the LWDF's (~5000 m2 for 1301-N and ~5 800 
m2 for 1325-N). 1301-N had an operational recharge rate of ~73,000 crn/y, while 1325-N 
operational recharge rate was~ 16,000 crn/y. For 1301-N, the annual areal recharge rate could 
come down depending upon what assumptions are made for water level in the 1301-N Trench, 
which would increase the surface area receiving effluent for this facility. If the level of the water 
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in the trench were kept at 1. 5 m ( 5 ft) above the bottom, the surface area of the 1301-N L WD F 
would increase to ~ 7,100 m2

• and the resulting areal recharge would be 51,400 crn/y. 

4.2.2 Contaminant Source Term 

As identified previously in Section 1.0, waste-effluent discharged to 1301-N and 1325-N con
tained radionuclides and hazardous constituents. Contaminants known to have been discharged 
to the facilities are identified in Appendix A, Tables A7-1 and A7-2. Most of the contaminants 
associated with the waste effluent were disposed to both facilities although a much smaller in
ventory of contaminants is associated with 1325-N. The 1325-N facility received less inventory 
because it operated for a shorter period of time; thus, it received a smaller volume of effluent. 

The N-Reactor operations records and operations staff indicated that sodium dichromate was 
used as a corrosion inhibitor in the Horizontal Control Rod and Shield Wall cooling systems. 
Coolant was discharged to the 1301-N from startup ofN-Reactor to the early 1970s. The 
cooling systems were changed over to a recirculation system in the early 1970s at which time the 
use of sodium dichromate ceased. There has been no documented discharge of chromium 
solutions to 1325-N. 

Although the waste effluent contained high concentrations of radionuclides and hazardous 
constituents, the water was primarily cooling and decontamination-flush water. This water had 
low ionic strength, neutral to basic pH, low organic content, and a low percentage of dissolved 
solids (Ames and Serne, 1991; WHC, 1989, WHC, 1990, and WHC, 1993). The physical state 
(form) and speciation of Co-60, Cs-137, Sr-90 and Pu-239/240 are presented in Table 4-1. 

4.3 HYDROGEOLOGIC CHARACTERISTICS 

4.3.1 Geology 

Geologic characteristics of the subsurface in the vicinity of the 1301-N and 1325-N facilities are 
detailed in Section 3.0 of this report. For the purpose of the conceptual model, only the Hanford 
formation and Unit E and Upper Mud Unit of the Ringold Formation are discussed because the 
contaminants are distributed in the first two geologic units. The Lower Mud Unit forms the base 
of the unconfined aquifer. Overall geologic and stratigraphic relationships at both facilities are 
generally similar as illustrated in Figure 3-6. The geologic contact between the Hanford 
formation and the Ringold Unit Eis found at an elevation of~ 125.1 m (~417 ft) AMSL in the 
vicinity of the 1301-N and ~122 m (~408 ft) AMSL near 1325-N. The base of the unconfined 
aquifer is at an elevation of ~107 m (350 ft). 

Textural variations in the geology are also noted in Section 3.0 of this report (Figures 3-8, 3-9 
and 3-16). At the 199-N-107 A and 199-N-l 08A LFI boreholes, significant lithologic variations 
are noted in the geologic logs. In the vicinity of 1301-N these variations include the presence of 
sand and gravelly sand units interbedded with gravel dominated units in both the Hanford 
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formation and Unit E of the Ringold Formation. Near 1325-N, the textural variability appears to 
be less than that observed in the vicinity of 1301-N. Higher moisture was present in the sand 
layers found at boreholes N-107 A and N- 108A. 

4.3.2 Hydrostratigraphy 

The hydrostratigraphic units ofrelevance to 1301-N and 1325-N include the vadose zone and the 
unconfined aquifer. The evidence from sampling LFI and nearby boreholes, as well as crib 
sediment sampling establishes that most of the contaminant mass is contained in the concentrated 
layer at the bottom of the L WDFs, and to less extent in the underlying vadose zone. Only a 
small fraction of the total contaminant inventory appears to have migrated from the vadose zone 
to the unconfined aquifer (BHI, 1996). The vadose zone is comprised of both the Hanford 
formation and the Ringold Unit E, while the unconfined aquifer is contained entirely within the 
Ringold Unit E throughout most of the 100-N Area. At 1301-N, the thickness of the vadose zone 
averages ~22.9 m (~75 ft) . The thickness of the vadose zone at 1325-N averages ~ 19.8 m (~65 
ft). Vadose-zone thickness can change as a result of surface elevation variations and 
groundwater table fluctuations. The underlying aquitard is the Ringold Upper Mud Unit. 

4.3.3 Hydrology 

The unconfined aquifer at 100-N Area both prior to- and post- operations is relatively flat with a 
average gradient of 0.001 m/m (ft/ft) toward the northwest where it is bounded by the Columbia 
River (Figure 4-7a). The water table in this area is dominated by Columbia River water level 
stages. The use of the Priest Rapids Dam as a peaking power facility causes the Columbia 
River's water level to fluctuate as much as 2.6 m (8 .5 ft) in a single day. The daily water level 
changes stress the unconfined aquifer by transmitting a pressure wave inland through the 
groundwater. This pressure wave is easily observable on a daily basis by wells close to the 
Columbia River ( e.g. less than 152 m (500 ft) from the river). The pressure wave is also 
observable at distances ranging to hundreds of meters inland over longer time periods (i.e. 
weekly, monthly, and seasonal). 

However, once operations were started at 100-N, the large volumes of water discharged caused 
the water table to rise underneath these facilities. The water table rose approximately 9.1 m (30 
ft) creating a large groundwater mound with a much steeper groundwater gradient (0.02 to 
0.05 m!m (ft/ft)) toward the Columbia River. During operations this mound became the 
dominant feature of the unconfined aquifer. Figure 4-7b shows the maximum height to which 
the water table rose during operations. Fallowing the termination of effluent disposal to 1301-N 
and 1325-N, the water table subsided to near-static conditions (Figure 4-7a). Figure 4-8a shows 
the change in the height of the water table caused by facility operations. Figure 4-8b is a 
perspective view showing both the operational and post-operational water tables. The pre- and 
post-operational water table is shown in the cut-away. 

An issue was raised in the DQO process (BHI, 1996) involving the potential for perched water in 
the vadose zone. However, no evidence of perched water has been found in any of the charac-
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terization studies conducted in the I 00-N Area subsequent to the termination of effluent disposal 
to 1325-N. In addition, no perched water was observed while drilling any of the LFI boreholes. 
Although perched water cannot be entirely ruled out, it is unlikely that perched water will be 
found in the vadose zone given the nature of the Hanford formation at 100-N. This unit is 
primarily gravels (particle size fraction 50 % > 2mm) with interbedded sand lenses (particle size 
fraction 50 percent between 2 mm and 0.075 mm). Neither sand nor the gravel could form an 
aquitard causing perched water. 

4.3.4 Volumetric Moisture Content Moisture Retention in the Vadose Zone 

The volumetric moisture content of the coarse-grained geologic units varied from 5 to 13 volume 
percent for laboratory measured moisture content and from 9 to 10 volume percent as deter
mined from the geophysical method. To convert from the gravimetric moisture content in tables 
3-6 and 3-9 to volumetric moisture content multiply the gravimetric moisture value in the table 
by the soil bulk density. The geophysical and the laboratory measurements used different 
techniques for measuring water content. Therefore, it is not surprising that there are differences 
in the moisture content results between the two measurements. It is not believed that these 
differences are significant given the nature of these soils. Variation between the laboratory and 
the geophysical measurement are most likely due to sampling volume, size fraction, and sample 
handling between the borehole and moisture tin. 

Finer-grained materials, such as sands and silts, retain more moisture due to capillary pressure 
and tension effects than do coarser-grained sediments. Nearly all the finer-grained geologic units 
encountered during LFI borehole drilling exhibited volumetric moisture contents significantly 
greater than the coarse-grained geologic units. The volumetric moisture content for the fine
grained units ranged from 15 to 20 for the geophysical measurements and 9 to 16 for the 
laboratory measurements. The peaks on the moisture profile given in Figure 4-1 are caused by 
finer-grained units which have a higher volumetric moisture content than coarse grained units 
under the same recharge conditions. 

Moisture retention data were collected from samples in boreholes 199-N-108A and 199-N-109A. 
The moisture retention data had to be corrected for gravel content (Bouwer and Rice, 1983) 
because the standard ASTM method for measuring moisture retention is performed on the 
particle size fraction less than 2 mm (See Appendix C for a complete description of this process). 
The effect of the gravel correction is to reduce the effective saturated volumetric moisture 
content from that measured in the laboratory. The moisture retention data is used to predict 
volumetric moisture content under a specified recharge rate. 
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4.4 WATER MOVEMENT FROM L WDFS AND EFFECTS ON CONT AMIN ANT 
DISTRIBUTION 

4.4.1 Lateral Movement of Water 

During operations, water movement underneath the L WDFs through the vadose zone was pri
marily downward with some lateral spreading caused by water encountering different lithologic 
types (i.e. sand lenses). The actual amount of lateral spreading cannot be determined from the 
LFI boreholes. However, evidence of lateral spreading exists in the LFI borehole (N-108A) and 
nearby (less than 45 m (150 ft) from the L WDFs) boreholes (N-67 and PNNL Research Well #1 ). 

These boreholes contained discrete zones which had higher levels of contamination than the 
sediments above and below the zone. These discrete zones were located above the operational 
water table. In well 199-N-l 08A, the discrete zone can be correlated to a sand lens occurring at 
approximately 25 ft below ground surface and just below the bottom of the 1301-N Trench. The 
other two wells were drilled earlier (1988 for N-67 and 1982 for PNNL Research Well # 1) and 
no detailed geologic logs for these two wells exist. Therefore, a correlation between a contami
nated zone within these boreholes to the lithology cannot be made. However, in all three bore
holes, the contamination is greatly reduced directly below these zones. This suggests the lateral 
movement of water and contaminants in the vadose zone is caused by interfingering of coarse 
and fine grain sediments. For wells further away from the LWDFs (i.e. N-103A, N-104A, 
N-105A, and N-106A), no contamination is found above the operational water table, thus 
indicating no widespread lateral movement of water throughout the vadose zone. 

4.4.2 Drainage after Operations 

The results from the LFI boreholes indicate that drainage of the soil at 1301-N and 1325-N has 
already occurred, and the observed moisture content is a function of natural recharge and 
sediment's particle size. Moisture measurements can either be taken over time and compared to 
previous measurements to determine if soil drainage is ongoing. Or alternatively, a comparison 
can be made between the moisture content in the LFI boreholes to wells close to the LWDFs. To 
date, there have been no moisture measurements made over time or in nearby wells. 

Other indicators that the vadose zone beneath the facilities has drained to natural conditions are 
the combined porosity and volumetric moisture logs presented in Figures 3-13, 3-14, and 3-19. 
The information provided in these figures indicates that there are no significant high-moisture 
zones at or near saturation beneath either facility . High-moisture zones at or near saturation in 
coarse-grained sediments would be indicative of incomplete drainage. 

Additionally, one can qualitatively estimate whether drainage is complete based on the shape of 
the moisture characteristic curves for soils of this type. Clean gravel (WHC, 1995 grout) and 
clean sand moisture characteristic curves (van Genuchten, et al. , 1991 ) are given in Figure 4-9. 
The left hand plot shows the matric potential (suction head) plotted against moisture content. 
For gravels, the moisture characteristic curve is relatively flat. This implies that as the matric 
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potential goes down, the gravels rapidly lose moisture. The sand curve is not nearly as flat as the 
gravel curve, which means the sand will retain higher moisture than the gravel at the same matric 
potential. 

The right hand plot of Figure 4-9 is the unsaturated hydraulic conductivity plotted against 
volumetric moisture content for the same materials. Under the unit gradient assumption 
(Appendix C), the unsaturated hydraulic conductivity is equal to the annual recharge rate. The 
moisture distribution in the LFI boreholes falls within the range predicted by the moisture 
characteristic curves for the expected recharge. The expected volumetric water content for a soil 
for a mixed sand/gravel soil (such as Hanford and Ringold gravels) should be between 2 and 12 
volume percent (shaded area on this plot) for a recharge rates between 0.2 crn/y and 10 crn/y. 

4.4.3 Recharge 

Recharge refers to the flux of water from the vadose zone to the unconfined aquifer. The 
availability of water to the subsurface is the primary factor controlling the generally downward 
migration of contaminants. The only present-day source of water to the subsurface in the vicinity 
of 1301-N and 1325-N is the infiltration of precipitation [~15 crn/y (6 inly)]. Several studies 
have been conducted across the Hanford Site to determine the range of natural recharge 
(precipitation minus the effects of evapotranspiration) to the aquifer. In the 100 Areas, natural 
recharge values range from 0.2 cm/yr (0.08 in./yr) up to 10 cm/yr (4 in./yr). For the 100-N Area, 
the natural recharge is estimated to be 2 cm/yr (0.8 in./yr) (PNL, 1995). Currently, no sources of 
artificial recharge are available to either facility. 

However, the concrete covers over the 1301-N Trench and the 1325-N Crib could increase 
natural recharge by collecting and funneling the water off of the covers. For the 1325-N Crib the 
water would be funnelled off to the side away from the concentrated layer at the bottom of the 
crib because the joints between the panels are grouted. The joints between the panels over the 
1301-N Trench are not grouted and some water would percolate through the joints. 

Figure 4-10 is a comparison between the moisture characteristic curves for the LFI boreholes and 
a clean sand and a clean gravel. All moisture characteristic curves for the LFI boreholes plot 
between the clean sand and clean gravel except for sample BOGL 74 which is a silty sand. From 
the recharge rates, an estimate of the volumetric moisture content can be made that is used in 
estimating travel times through the vadose zone to the water table (Section 5 and Appendix C). 
The three recharge rates used to estimate travel times to the water table have been added to this 
figure. The estimated volumetric moisture content from the moisture characteristic curves are in 
agreement with the measured laboratory water content (Table 4-3). The largest deviation 
between observed moisture content and predicted moisture content occurs for sample BOGL 74 
which is the fine-grained sediment. The moisture characteristic curve for this sample over 
predicts the moisture content versus observed moisture by approximately 10 volume percent for 
2 cm/yr recharge. For the other samples, the moisture characteristic curve over predicts moisture 
on some samples and underpredicts on other samples to the observed laboratory measured 
moisture content for the same samples. Given the heterogeneity of these soils, it is not surprising 
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that there are differences between the predicted moisture content, the laboratory measured 
moisture content, and the moisture content as determined through geophysical methods. 

Comparison of the operational recharge at 1301-N and 1325-N to natural recharge indicates the 
minimal significance of the present source of water as a driving force for contaminant migration. 
The operational recharge rate was approximately 51,400 cm of water each year at 1301-N. 
Today, using a natural recharge rate of 2 cm/yr (0.8 in./yr), it would take more than 25,000 years 
to duplicate one year of the driving force at 1301-N. This comparison illustrates that natural 
recharge is much less likely to affect contaminant migration than is the operational recharge rate. 
Consequently, the distribution of contaminants present today are a result of the large volumes of 
water discharged during operation. The magnitude of the natural recharge rate as a driving force 
of contaminants is evaluated and discussed further in Section 5.0, "Qualitative Risk Assessment." 

4.4.4 Strontium-90 Concentration and Resaturation of the Lower Vadose Zone 

Water movement from the operating L WDFs through the vadose zone was primarily downward 
until it reached the pre-operational water table. As water continued to be discharge to the 
1301-N, the water table rose underneath the L WD F forming a groundwater mound (Figure 4-7b 
and 4-8). For water moving through the vadose zone, the principal hydraulic gradient is vertical 
due to force of gravity. Upon reaching the unconfined aquifer, the pressure head becomes equal 
to the elevation head. Once the pressure head is equal to the elevation head, the principle 
hydraulic gradient becomes horizontal and water moves radially outward from where it is 
entering the unconfined aquifer. The implication follows: contaminants with a bulk distribution 
coefficient (Kd) of 0, such as tritium and hexavalent chromium, would move with the water and 
contaminate the pre-operational water table both laterally by advection and vertically by 
dispersion. 

However, contaminants (Sr-90) with a low to moderate Kd (0 < Kd < 50) would move at a slower 
rate than the water. The measured Kd for Sr-90 in the 100-N sediments is 15 ml/g. The effect of 
Kd for Sr-90 is to reduce the average linear velocity for the center of mass by approximately 
hundredfold over groundwater. This suggests that Sr-90 arrived at the water table when the 
mound caused by the effluent disposal to the L WDF was most likely well developed. Upon 
reaching the mound, the Sr-90 would spread laterally along the top of the mounded water table, 
rather than vertically, because the principle hydraulic gradient at the water table is lateral. This is 
also what has been observed in almost all soil sampling for Sr-90 at 100-N Area (DOE, 1996). 
The highest concentrations of Sr-90 are found close to the top of the operational water table and 
taper off by the time the existing water table is reached. As the Sr-90 in the groundwater moves 
through the sediments, it is adsorbed onto the sediments because the concentration on the 
sediments is less than the water passing through it. At chemical equilibrium, the ratio of Sr-90 
on the sediments to Sr-90 found in the groundwater is 15 to 1. This means the sediments above 
the post-operational and below the operational water table became contaminated with Sr-90. 
Once operations and drainage ceased, the only driving force moving Sr-90 in the upper portions 
of the operational groundwater mound toward the present day water table is natural recharge. 
The rate at which Sr-90 moves under natural recharge is slow enough that the Sr-90 contami-
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nation occurring in this zone will decay away before reaching groundwater (Section 5) . 
. Contaminants with a high Kd (>50) (Cs-137, Co-60, and Pu-239/240) would tend to stay at the 
base of the L WDF or in the first few feet underneath the L WDF. 

Although it is believed that Sr-90 adsorbed onto the sediments between the operational and post
operational water tables will decay away before reaching the water table, there is another 
mechanism which could increase the quantity of Sr-90 in the unconfined aquifer. The lower 
portion of this zone could become resaturated due to high water levels on the Columbia River 
which causes the water table to rise. For instance, at Well 199-N-67, the water level had dropped 
to approximately 117.5 m (385.5 ft) above MSL by late 1984. However, due to extremely high 
runoff in the Cascade Mountains, and the subsequent increase in the Columbia river stage in 
early 1996, the water level in this well had increased to 118.87 m (390 ft) above MSL. The high 
river stage brought groundwater with a lower concentrations of Sr-90 into sediments with a 
higher concentration of Sr-90. This caused Sr-90 to desorb from the sediments and go into 
solution, causing the Sr-90 concentrations in the groundwater to rise. Concentrations of Sr-90 in 
groundwater were observed to increase in several monitoring wells and more than double in 
Well 199-N-67. Sr-90 did not remobilize and enter the aquifer, rather the water table rose into 
sediments with higher concentrations of adsorbed Sr-90. When the water table declines, the 
observed concentrations of Sr-90 in the monitoring wells would decrease based on past 
observations at the monitoring wells. Figure 4-11 has been prepared to show the correlation 
between water levels and Sr-90 concentrations in Well 199-N-67. 

4.5 SUMMARY AND CONCLUSIONS 

Significant volumes of water were continuously discharged to the 1301-N and 1325-N during 
their operation. Based on the data provided in this report, most of the contaminants disposed to 
the facilities are contained within the vadose zone. The vadose zone at the two facilities is about 
21m (70 ft) thick and consists of the Hanford formation and Ringold Gravel Unit E. The vadose 
zone moisture content appears to have drained to pre-operational levels; the only known source 
of recharge occurring today is precipitation. Lenses of higher moisture content and 
contamination do exist at lithology changes but are not considered indicative of widespread 
contamination. The contamination profile for 1301-N and 1325-N presented here is used to 
discuss the contamination problems associated with the facilities. The magnitude of these 
problems is discussed in Section 5.0, "Qualitative Risk Assessment." 

The effluent had low ionic strength, neutral to basic pH, low organic content, and low dissolved 
solid content. Co-60, Cs-137, and Pu-239/240 were adsorbed almost entirely in the concentrated 
layer directly beneath the facilities and remain there. Some migration from the concentrated 
layer may have occurred because of spot heterogeneities in the vadose zone, but no evidence of 
widespread vertical or horizontal contamination of these contaminants exists. The highest 
concentrations of Sr-90 were measured in the concentrated layer, but Sr-90 also migrated deeper 
throughout the vadose zone and reached the water table. The hydraulic mound caused by 
disposal operations redirected the discharge laterally thus resulting in the lateral spreading of 
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Sr-90. Cr is present in the concentrated layer at 1301-N, but the concentration at the other depths 
sampled in the boreholes was either below or just above background level. Chromium remaining 
in the vadose zone is not believed to be hexavalent (i.e., . soluble and mobile) because the 
quantity of water disposed of at the facilities should have been ample to transport the hexavalent 
chromium through the vadose zone. 

As a result of river stage fluctuations , vadose sediments with adsorbed Sr-90 may become 
resaturated, thus resulting in increased Sr-90 concentrations observed in groundwater. When 
these sediments become unsaturated, the observed groundwater concentrations will decrease. 
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Width of Trench 
ln fil trn ti on Surface 

10 ft or 3.05 m 

1301 -N Crib Length 
290 ft or 88.4 m 

130 1 Crib Width~ 

125 ft or 38. I m 

I. Calculate area o f trench and crib 

a.) Crib area 

88 .4 111 X 38.1 111 

b.) Tench area 

3.05111 X 487 .7111 = 1,487.42111
1 

c.) To tal area 

3,368.04 111 1 + 1,487 111 ' = 4,855.46 1111 

2. A ss u111e a unit volu111e (depth= I 111) 

Volume of so i l= 4,855.46 111
1 X I rn = 4,855 .46 n? 

Convert rn' to cnr' 

4,855.46 nr' X 1,000,000 cnr' = 4.86E+09 cnr' 

3. Calculate the mass of soil in a unit volu111e (bulk density= 1.6 grn/crn:') 

4.86E+09 cm' X 1.6 g111/c111
1 
=7 .78E+09 g111 of soil 

4. Use the 10-year ( 1975-1984 [UN l -3533]) average concentra tion for 
Cobalt-60 in sediment sarnples from 130 1-N Trench to calculate the 
nurnber of curies in the bottom of the LWDF 

Ten year average concentration for Coha lt -60 = I 0,000,000 pCi/g111 or I .OE-OS C i/g111 

7.78E+09 grn X I E-05 Ci/g111 = 7.78E+04 Ci 

5. If the 10-year average conce ntration is 111aintained for each unit volume, 

It would requ ire this many uni t volu111es to account for Cobalt-60 
5, 100 Ci by 1985 [UN I-3533]) disposed to the 1:101 -N LWDf': 

5,100 Ci /77,800 Ci= -0.07 unit volumes 

6. Because a unit volu111e is equal to I 111 depth, rn ost of the Cobalt-60 
shou ld be accounted for in the first 0.07 rn (0.25 ft) of so il direct ly 
underneath the LWDF. 
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Width of Trc11ch 
l11 fiilrntio11 Surface 
10ftor3.05m 

1301-N Crib l.c11g1h 
290 fl or 88.4 Ill 

1301 Crib Width~ 
125 fl or 38. 1 111 

I . Calculate area of trench and crib 

a.) Crib nrea 

88.4 rn X 38.1 111 = 3,368.04 1112 

b.) Tench nrcn 

3.05 m X 487.7 111 = 1,487.42 ni1 

c.) Total area 

3,368.04 ni1 + 1,487 111
2 

= 4,855.46 m
2 

2 . Assume a uni! volume (depth= I m) 

Vol11111e of so i l = 4,855.46 m' X I m = 4,855.46 11? 
Convert 111 ' to cnr' 

4,855.46 nr' X 1,000,000 c111' = 4.86E+09 cn\'1 

3. Calculate the mass of soil in a uni t volume (bulk density= 1.6 grn/cm:1) 

4.86E+09 en!" X 1.6 grn/cn\'
1 

= 7.78E+09 gm of soi l 

4. Use the 10-year ( 1975- 1984 [ UN I-3533]) average conce ntrat ion fur 

Cesiu111-137 in sediment sa111ples from 1301-N Trench to calculale the 
11111nber of curies in the bot10111 of the LWDF. 

Ten year average concentralion for Cesiu 111 -137 = 560,000 pCi/gm or S.6E-07 Ci/g 111 

7. 78E+09 gm X S.6E-7 Ci/gm = 4360 C i 

5. If the 10-ycaravcrngeconcentration is 111ai111aincd fur each unit volu111e, 
I t wou ld require th is 111any unit vo lun1es to account for Cesiu111-137 

(3,000 C i by 1985 [UN l-3533)) d isposed to the 110 1-N LWDF 

:l ,000 Ci I 4360 Ci= -0.7 unit volumes 

6. Because a unit volume is equal to I 111 depth, 111ost of the Cesiu111-137 
should be accounted for in the firs t 0.7 111 (2.5 ft) of soil direc tl y 
underneath the LWDF. 
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Width of Trench 
ln fi ll ra ti on Surface 
10 fl or 3.05m 

I 301 -N Crib Length 
290 ft or 88.4 111 

1301 Crib Wi dth~ 
125 ft or 38. 1 m 

------- -

I . Calcu lale area of trench and crib 

a.) Crib area 

88.4rnX '.18 . 1111 '.l,'.168.04 111
1 

b.) Tench area 

3.05 111 X 487.7 111 = 1,487.42 m1 

c.) Tula( area 

'.l,368.04 111
2 

+ 1,487 111
2 

= 4,855.46 m1 

2. Assu rne a unit vo lu rne (deplh = I 111) 

Volume of soil= 4,855.46 111
1 

X I 111 = 4,855.46 nr' 
Conver! nr' 10 cnr' 
4,855.46 nr' X 1,000,000 cnr' = 4.86E+09 c111 ' 

J. Calculalc !he mass of soil in a un it vo lume (bulk density= 1.6 g111/cnr
1
) 

4.86E+09 cnr' X 1.6 grn/cnr' = 7.78E+09 gm of soil 

4. Use the I Q,year ( 1975- 1984 l U N l -3533]) average concentration for 
Plu1oniu111-2'.l9/240 in scdi111ent sa111ples from I JO 1-N Trench 10 1:alcu la1e 
the number of curies in the botlom of the LWDf-. 

Ten year average conccn1ra1ion for Plu loniurn-239/240 = 53,000 pCi/gm or 5.6E-07 Ci/gm 

7 .78E+09 g111 X 5.JE-8 Ci/g 111 = 412 Ci 

5. If !he 10-ycar average concenlralion is rnainlaincd fur each unit volume, 
It would require this many unit volumes to accounl for Plutonium-239/240 
(22 Ci by 1985 [UN l -35'.lJJ) disposed 10 the 1:lO I -N LWDF: 

22 Ci/ 412 Ci = -0.06 unit volu mes 

6. Because a uni! volurne is equal lo I 111 depth, rnosl of !he Plutonium-239/240 
shou ld be accounlcd for in the firs! 0.06 111 (0.2 f t) of soil direc tl y 
underneath !he LWDF. 
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Width of Trench 
lnfihrntion Surfocc 
10 fl or 3.05 111 

I 301-N Crib Length 
290 fl or 88.4 111 

1301 Crib Width~ 
125 fl or 38. I 111 

I. Calculate area or trench and crib 

a.) Cri b area 
88.4 Ill X 38.J Ill 

b.) Tench area 

3.05 111 X 487.7 111 

c.) Total area 

3,368.04 111l 

1,487.42 11/ 

3,368.04 ml+ 1,487 ml = 4,855.46 11/ 

2. Assume a unit volurne (depth= I 111) 

Volurnc·or soi l = 4,855.46 ni2 X I 111 =4,855.46111.1 
Con vcrt n/ to crnJ 
4,855.46 11/ X 1,000,000 en/ = 4.86E+09 cmJ 

3. Calculate the mass or so il in a unit vo lume (bulk density = 1.6 grrt/cm-') 

4.86E+09 crn.1 X 1.6 grrt/cni1 = 7 .78E+09 grn or soil 

4. Use the 10-year (1975- 1984 [UNI-35 :l:l)) average concentration for 
Strontium-90 in sediment samples rrorn 1301 -N Trench to calculate the 
number or curies i11 the bollorn or the LW DF. 

Te11 year average concentration for Strontium-90 = 69,000 pCi/grn or 6.9E-08 Ci/grn 

7.78E+09 gm X 6.9E-8 Ci/gm = 537 Ci 

5. I f the 10-year average concent ration is rnaintained fo r each unit vol ume, 
It would require this rna11y unit vo lumes to account for Strontiurn-90 
(2,100 Ci by 1985 [UNl -3533]) disposed to the 1301-N LWDF: 

2,100 Ci/ 537 Ci= -3 .9 1 unit vo lu mes 

6. [kcause a unit volume is equal tu I rn depth, most or the Strontium-90 
should be accou111cd for i11 the first 4 111 ( 13 fl) or soil directl y 
underneath the LWDF. 
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Figure 4-7. December 1994 Water Table (a) and Maximum Height of Operational-Era 
Water Table (b). 
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Figure 4-8. Maximum Change in Height of Water Table between Operations and Post
Operations (a) and Perspective View of Maximum Water Table and Post-Operations 

Water Table (shown in cutaway view) (b) 
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Figure 4-10. Comparison of Hanford and Ringold Moisture Characteristic Curves to those 
of a Clean Sand and a Clean Gravel 
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Radionuclide 

Cobalt-60 

Cesium-13 7 

Strontium-90 

Plutonium-2391240 

reference: BHI, 1996 

DOE/RL-96- 11 
Draft A 

Table 4-1. Form and Speciation of Radionuclides 

Particulate Cationic 

40 to 98 % 2 to 60 % 

1 to 5 % 85 to 100 % 

NIA NIA 

Precipitate at pH>2 NIA 

4-27 

Anionic 

< 1 % 

< 1.4 % 

NIA 

NIA 
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Table 4-2. Radionuclide Bulk Distribution Coefficients 

Radionuclide Kd 

Cobalt-60 10 to 3,000 

Cesium-137 50 to 3,000 

Strontium-90 15" to 200 

Plutonium-239/240 100 to 2,000 

Ames and Seme, 1991 ; Serne and LeGore, 1996 
LFI results indicate that Kd is as low as 15 . A Kd of 20 was reported in 
the references. 
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Table 4-3. Comparison between Laboratory Measured Moisture Content and Estimated 
Moisture Content from Moisture Characteristic Curves. 

Sample Well Elevation Laboratory Predicted Predicted 
above Measured Moisture Content Moisture Content 

MSL (ft) Moisture Content (10 cm/yr) (2 cm/yr) 

BOGL72 N-108A 441.5 0.08 0.09 0.07 

BOGL74 N-108A 432.5 0.16 0.34 0.27 

BOGL80 N-108A 413.5 0.13 0.09 0.08 

BOGL85 N-108A 393.75 0.05 0.11 0.08 

BOGL98 N-109A 439.75 0.12 0.05 0.04 

BOGLB0 N-109A 432.75 0.07 0.1 0.08 

BOGLB2 N-109A 425.75 0.07 0.05 0.04 

BOGLB7 N-109A 410 .75 0.05 0.05 0.04 
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5.0 QUALITATIVE RISK ASSESSMENT 

A qualitative assessment of potential risks associated with 1301-N and 1325-N is presented in 
this section. This QRA uses the data presented in Section 3.0 to evaluate the following: 

the risk to human receptors from potential exposure to contaminants in the surface 
sediments and shallow subsurface soils 

the impact to groundwater posed by the potential migration of contaminants through the 
vadose zone to the water table. 

The approach used to conduct these two evaluations is different from that applied in the 
Qualitative Risk Assessment for the 100-NR-l Source Operable Unit (BHI, 1995), the previous 
QRA that addressed the risk associated with 1301-N and 1325-N. The approach and a 
description of how it differs are discussed in Sections 5.1 and 5.2 . Section 5.3 presents the data 
set used in this QRA, while Section 5.4 discusses the exposure assessment. The evaluations of 
risk to humans and impact to groundwater are found in Section 5.5. A discussion of water table 
fluctuation and its impact on contamin~t migration to groundwater comprises Section 5.6. A 
summary of this QRA is presented in Section 5.7. 

5.1 INTRODUCTION 

As described in the Hanford Site Risk Assessment Methodology (HSRAM) (DOE-RL, 1995d), a 
QRA is intended to help characterize site risk and provide information to determine the proper 
remedial pathway in the Hanford past practice remedial investigation/feasibility study process, 
also known in RCRA terminology as the RFI/CMS process. A QRA generally is used to help 
determine the need for IRMs or an ERA, to select an appropriate IRM or ERA, and to support the 
development ofrisk-based cleanup levels for an IRM. Additionally, a QRA is intended to focus 
remediation on the principal risk drivers in the waste site(s). Because the QRA for the 100-NR-l 
(BHI, 1995) addressed these items for 1301-N and 1325-N, this QRA focuses on the risk-based 
DQOs and associated objectives and decisions as defined in the Data Quality Objectives 
Workshop Results for 1301-N and 1325-N Characterization (BHI, 1996) and discussed 
previously in Section 1.0. 

5.1.1 Purpose and Approach 

The purpose and approach for this QRA are different from those used for other 100-Area QRAs: 

The Tri Parties, through the DQO process, established specific objectives and decisions 
beyond those associated with a traditional QRA to be addressed by this QRA. Whereas 
the 100-NR-l QRA provided a basis to continue on an IRM pathway, this QRA focuses 
on the objectives and decisions established by the Tri Parties. 

5-1 
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• While risks posed by potential exposure to contaminants associated with 1301-N and 
1325-N were assessed in the 100-NR-1 QRA, it did not specifically evaluate the impact 
to groundwater posed by the potential for contaminants to migrate from soil to the water 
table. 

• New, site-specific parameters, based on data collected during the LFI, have been used to 
evaluate the impact associated with the potential for contaminants to migrate from soil 
to groundwater. 

The DQO workshop document for 1301-N and 1325-N and the Description ofWorkfor Vadose 
Zone Characterization of the 1301-N and 1325-N Liquid Waste Disposal Facilities (DOE-RL, 
1995a) state that the LFI and associated QRA are required to address two key objectives: (1) to 
determine if immediate action on soil at 1301-N and/or 1325-N is required to protect 
groundwater, and (2) to determine if, for the long-term, soil remediation is required to protect 
groundwater from a future potential impact, and, if so, when remediation should be performed. 
To address these two objectives, the following tasks were accomplished in this QRA (as defined 
by the DQO process in Section 1.0): 

• A qualitative assessment of risk including an evaluation of the risk to humans from 
direct exposure to contaminants in sediments and shallow subsurface soils was 
prepared. 

• The magnitude of a driving force and its contribution to the migration of contaminants 
from the soil to the groundwater was determined. 

• The impact to groundwater posed by the potential for contaminants to migrate from the 
soil to the water table was evaluated. 

The QRA presented in this document was conducted in accordance with the HSRAM, and it 
focuses on a limited set of human exposure scenarios. Rural-residential and recreational 
exposure scenarios for human receptors have been evaluated in this QRA to provide bounding 
estimates of risk. The rural-residential scenario is consistent with the "unrestricted use" 
terminology used in the Interim Remedial Action Record of Decision for the 100-BC-l, 
100-DR-l, and JOO-HR-I Operable Units (interim remedial action ROD) (EPA, 1995), and it is 
identical to the scenario incorporated in the Remedial Design Report/Remedial Action Work Plan 
for the JOO Area (RDRIRA WP) (DOE-RL, 1996c). Both the rural-residential and recreational 
scenarios are consistent with those being incorporated in the 100-NR-JINR-2 Corrective 
Measures Study (to be completed in November 1996). Potential risks to ecological receptors 
have not been specifically addressed in this QRA. Radionuclide concentrations of concern 
associated with human-health exposure scenarios are lower than those concentrations associated 
with ecological receptor exposure (DOE-RL, 1995d). Therefore, ecological receptors are 
protected at radionuclide concentrations deemed protective of human health (EPA,1993). 
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The potential impact to groundwater was evaluated by estimating travel times for water through 
the vadose zone to the water table using a unit gradient approach. (See Appendix C for a 
complete description of this methodology.) Once the travel times for water were calculated, a 
retardation factor was applied to calculate the travel times for contaminants through the vadose 
zone to the water table. The retardation factor is based on a contaminant's distribution coefficient 
(Kd), the bulk density of the soils, and the volumetric water content of the soils. Travel times for 
radioactive contaminants were compared to decay times to determine if contaminants will reach 
groundwater at detectable concentrations. 

5.1.2 Previous Risk Assessments 

The 100-NR-1 QRA was conducted to support selection, design, and implementation of an IRM. 
Based on the results of the 100-NR-l QRA, it was concluded that 1301-N and 1325-N pose a 
high risk to human health with total estimated lifetime incremental cancer risks (ICR) greater 
than IE-02. Thus, the 100-NR-l LFI recommended that 1301-N and 1325-N remain on the IRM 
pathway. Principal risk drivers were cobalt-60 and cesium-137 (via the external exposure route) 
and plutonium-239/240 (via the ingestion and inhalation exposure routes). The 100-NR-l QRA 
did not evaluate the impact to groundwater posed by contaminants in the vadose zone. 

5.2 OVERVIEW OF THE QRA APPROACH 

Two evaluations are presented in this QRA to address the DQOs developed for the 1301-N and 
1325-N characterization: (1) an evaluation of the risk to human receptors from potential 
exposure to contaminants in accessible surface sediments and shallow subsurface soils, and 
(2) an evaluation of the impact to groundwater that may result from contaminants migrating to 
the water table through the vadose zone underlying 1301-N and 1325-N. 

To facilitate these two evaluations, the site conceptual model discussed in Section 4.0 was 
partitioned into three distinct zones. Figure 5-1 incorporates the boundaries for Zones A, B, and 
C with the site conceptual model (Figure 4-1). These three zones were assigned based on the 
potential for human exposure, the distribution of contaminants in the soil column, and 
hydrogeologic features. They are defined as follows: 

Zone A: The surface sediments and shallow subsurface soils including the concentrated 
layer associated with 1301-N and 1325-N 

Zone B: The middle depths of the vadose zone above the boundary of the old 
groundwater mound associated with the former operations-era water table 

Zone C: The deep vadose zone above the saturated zone (the current water table) 
including the old groundwater mound associated with the former operations-era water 
table. 
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To evaluate the risk to human receptors from potential exposure to individual radionuclide 
contaminants in accessible surface sediments and shallow subsurface soils associated with 
1301-N and 1325-N in Zone A, concentrations in Zone A were compared to calculated 
concentrations of individual radionuclides that correspond to a dose of 15 rnrem/year above 
natural background. The 15 mrem/year value is the allowable dose limit to be achieved by 
remediation of radioactive-contaminated soils as presented in the NRC Radiological Criteria 
Decommissioning: Proposed Rule (59 FR 43200). The 15 rnrem/year proposed standard 
corresponds to a lifetime ICR of 3E-04, which falls within the range of other radiation protection 
standards promulgated by the EPA In addition, 15 mrem/year is the radiological cleanup 
standard used in the interim remedial action ROD for the 100-BC-l, 100-DR-l , and 100-HR-1 
source OUs. 

To evaluate the risk to human receptors from potential exposure to nonradioactive contaminants 
in accessible shallow subsurface soils associated with 1301-N and 1325-N in Zone A, maximum 
concentrations measured throughout the vadose zone were compared to cleanup standards in soil. 
The cleanup standards are specified under the State of Washington Model Toxics Control Act 
(MTCA), Method B, (WAC 173-340) .. 

5.2.2 Impact to Groundwater 

Two pathways exist for the migration of contaminants in soil at 1301-N and 1325-N to 
groundwater and, ultimately, to the Columbia River. The first contaminant migration pathway is 
the result of precipitation (natural recharge water) traveling through the soil column to 
groundwater. The second contaminant migration pathway is the result of resaturation of the deep 
vadose zone and temporary remobilization of contaminants from an elevated water table 
associated with high river levels. This QRA presents a quantitative evaluation of contaminant 
migration through soil and a brief discussion of potential contaminant remobilization as a result 
of an elevated water table. This second pathway is believed to have functioned during high 
Columbia River water levels (January through May of 1996). Its significance is discussed in 
Section 5.6. 

To evaluate the impact to groundwater posed by the potential migration of contaminants through 
the soil column (Zones A, B, and C) to the water table, an assessment of the time for natural 
recharge water (i.e. , natural infiltration) to travel to the groundwater was combined with 
contaminant-specific soil retardation factors and radionuclide decay to estimate the magnitude of 
contaminant migration and potential concentrations reaching the water table. For contaminants 
reaching the water table, the Summer's Model (EPA, 1989), a simple steady-state dilution model, 
was used to convert concentrations in soils (pCi/g or mg/kg) at the water table to estimated 
contaminant concentrations in groundwater (pCi/L or µg/L) . The impact from the estimated 
contaminant concentrations in groundwater was characterized by comparing the predicted 
concentrations with MCLs and health-based standards as specified by MTCA. 
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Cobalt-60, cesium-13 7, strontium-90, plutonium-239/240, cadmium, chromium, lead, and nickel 
were identified during the DQO process as major contaminants of concern for the 1301-N and 
1325-N LFI; thus, they are the focus of this QRA. The LFI analytical results confirm the relative 
importance of the radionuclide contaminants and indicate that chromium is the only metal 
detected consistently at levels of concern. As shown in Tables 3-2 through 3-5 , 3-7, and 
3-8, the four radionuclides identified in the DQO process are present at consistently higher 
concentrations compared with other radionuclides detected in soil , and they are considered the 
principal risk drivers in this QRA. These radionuclides are considered risk drivers because 
remedial action alternatives that address risks associated with these radionuclides also will 
address residual risks associated with the other radionuclides present in the soil. 

The following four sources of data for this QRA have been used to describe contaminant 
distributions in the site conceptual model discussed in Section 4.0 : 

the historical sediment samples from the 1301-N trench (TS-01 to TS-09) and the 1325-
N crib (CS-01 to CS-12) 

• the samples collected from the 1301-N and 1325-N LFI boreholes (199-N-107A, 
199-N-108A, and 199-N-109A) 

• the samples collected from the pump-and-treat wells (l 99-N-103A, 199-N-l 04A 
199-N-105A, and 199-N-106A) 

• the samples collected from a near-river borehole (l 99-N-95A). 

Tables 5-1 through 5-3 present the radionuclide concentrations decayed to April 1, 1996. 
Figure 5-2 shows the cross-sections A to A' and B to B' through the area around 1301-N and 
1325-N. Figures 5-3 through 5-18 depict borehole and well locations, contaminant 
concentrations by depth, and boundaries of Zones A, B, and C. The zone boundary locations 
vary among boreholes and wells as a result of differences in elevation, contaminant 
concentrations, and hydro geologic features . Figures 5-3 through 5-10 identify the boundaries of 
Zones A, B, and C for each borehole or well in cross-section A to A' and maximum contaminant 
concentrations by depth for: Co-60, Cs-137, Sr-90, Pu-239/240, cadmium, chromium, lead, and 
nickel. Figures 5-11 through 5-18 identify the boundaries of Zones A, B, and C for each 
borehole or well in cross-section B to B' and maximum contaminant concentrations by depth. 
Data and associated figures for cadmium, lead, and nickel are presented for completeness. 

Some data obtained from the saturated zone, below~ 117m to 118m ( ~385 to 388 ft) above MSL, 
are presented in Tables 5-2 and 5-3 as well as in Figures 5-3 through 5-18. These data are 
presented for information only and were not used in this QRA because only vadose zone data 
was evaluated. 
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The historical sediment data and the data from the three LFI boreholes were used to evaluate the 
risk to humans from potential exposure to radionuclide contaminants in Zone A soils. The risk to 
humans from potential exposure to nonradioactive contaminants was evaluated using maximum 
concentrations measured in soil from the LFI boreholes. The historical sediment data, data from 
the LFI boreholes, the four pump-and-treat wells, and the near-river borehole were used to 
evaluate impact to groundwater resulting from potential contaminant migration. The 
pump-and-treat wells and the near-river borehole were included in this evaluation because they 
provide current data on Sr-90 concentrations in the vicinity of 1301-N and 1325-N. 

Maximum contaminant concentrations measured in the soil , except the sediment data, are used in 
this QRA to evaluate the potential risk to human health and the potential impact to groundwater. 
Ninety-five percent upper confidence limit (UCL) values of the sediment data were used because 
the large size of the available data set supports the calculation of summary statistics. The 
HSRAM recommends using the mean and 95 percent UCL to calculate exposure concentrations 
in a risk assessment. 

The mean and 95 percent UCL values (surnrnary statistics were developed using concentrations 
decayed to April 1, 1996) for the historical sediment data from the 1325-N crib and the 1301-N 
trench were calculated using data from Table 5-1 . These values are presented in Table 5-4. 
Maximum concentrations by depth for the principal risk-driver radionuclides from each LFI 
borehole were extracted from Table 5-2 and are presented in Table 5-5. 

5.4 EXPOSURE ASSESSMENT 

The objective of an exposure assessment is to estimate the type and magnitude of potential 
exposures to contaminants at a site. The exposure assessment methodology incorporated in this 
QRA is presented in Section 3.2 and Appendix A of the HSRAM. This assessment includes the 
following elements: potential receptors, exposure pathways, routes of exposure, and points of 
contact. These elements were integrated to develop exposure scenarios to assess risk to humans 
from exposure to contaminants in the surface sediments and shallow subsurface soils in Zone A 
at 1301-N and 1325-N. 

The concern, when assessing impact to groundwater from exposure to contaminants, is the 
potential migration of contaminants through the vadose zone to groundwater and, ultimately, to 
the Columbia River. Potential impacts to groundwater are addressed by evaluating the potential 
migration of contaminants in soil to groundwater and by comparing estimated concentrations in 
groundwater with drinking-water MCLs (Section 5.5.2.2). 

The site conceptual model for 1301-N and 1325-N, presented in Section 4.0 and Figures 4-1 
and 5-1, identifies soil contaminant sources and ranges of contaminant concentrations. 
Figures 5-3 through 5-18 expand the scale of the site conceptual model and provide specific 
contaminant concentrations by depth. Conceptual exposure models that illustrate how receptors 
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could come in contact with the contaminants associated with 1301-N and 1325-N are also 
discussed in this section. 

5.4.1 Contaminant Sources 

Contaminant sources in Zone A are surface sediments in 1301-N and 1325-N and shallow 
subsurface soils under these structures. The vertical extent of Zone A is slightly different for 
each LFI borehole because of differences in elevation and contaminant concentrations. The 
sediment layer is ~ 15 .2 cm ( ~6 in.) thick and is assumed to be present across the surface of the 
1301-N crib, the 1301-N trench, the 1325-N crib, and the upper section of the 1325-N trench. 
Zone A represents the greatest potential for human exposure, contains the highest concentrations 
of radionuclides, and, therefore, presents the highest risk. Measured radionuclide concentrations 
in the sediment layer are in the uCi/g to pCi/g range; radionuclide concentrations in the 
underlying subsurface soil are in the pCi/g to nCi/g range. Metal concentrations in Zone A range 
from 

• nondetect up to 0. 73 mg/kg for cadmium 
3.2 mg/kg up to 57.7 mg/kg for chromium 

• 0.57 mg/kg .up to 21.9 mg/kg for lead 
• 4. 6 mg/kg up to 16. 7 mg/kg for nickel. 

Contaminants in Zone B are present in the vadose soils to the upper boundary of the old 
groundwater mound (the elevation of the operations-era water table at~ 125 m [~410 ft] above 
MSL). The boundaries of Zone B vary between the boreholes and wells because of differences 
in elevation and contaminant concentrations. Soils in this zone (usually deeper than 7.6 m [25 ft] 
bgs) are unlikely to be disturbed by human activity (i.e., through excavation). Contaminants in 
this zone, both radionuclides and metals, could theoretically migrate to groundwater via natural 
surface recharge. The extent of migration would be estimated by the rate of recharge to 
groundwater and the tendency for contaminants to be adsorbed to soil. Measured radionuclide 
concentrations in this zone are in the pCi/g range. Metal concentrations in Zone B range from 

nondetect up to 0.47 mg/kg for cadmium 
• 1.7 mg/kg up to 27.3 mg/kg for chromium 

0.21 mg/kg up to 1. 7 mg/kg for lead 
• 3.4 mg/kg up to 14.5 mg/kg for nickel. 

Contaminants in Zone Care present from the upper boundary of the old groundwater mound (the 
elevation of the operations-era water table at ~ 125 m [ ~410 ft] above MSL) to the current water 
table~ 117 to 118 m [~385 to 388 ft] above MSL). Soils in this zone are unlikely to be disturbed 
by excavation. As with Zone B, contaminants in Zone C could theoretically migrate to 
groundwater via natural surface recharge . The extent of migration would be estimated by the 
rate of recharge to groundwater and the tendency for contaminants to be adsorbed to soil. In 
addition, contaminants in the deepest section of Zone C, a few feet above the water table, could 
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migrate to groundwater via the resaturation pathway introduced in Section 5.2.2 . Measured 
.radionuclide concentrations in this zone are in the pCi/g range. Metal concentrations in Zone C 
range from 

• nondetect up to 0.19 mg/kg for cadmium 
• 12.2 mg/kg up to 13 mg/kg for chromium 
• 0.63 mg/kg up to 3.2 mg/kg for lead 
• 11. 9 mg/kg up to 13. 8 mg/kg for nickel. 

5.4.2 Receptors and Exposure Routes 

Under current (1996) conditions, human access to 1301-N and 1325-N is prohibited by 
institutional controls such as fences and locks that prohibit entrance. The groundwater 
underlying the sites is not used for consumption or irrigation. 

Future land use at 1301-N and 1325-N has not yet been determined. Therefore, two future 
populations that may inhabit or use the sites have been assumed for purposes of evaluating 
potential human health risks associated with contaminants in the surface sediments and shallow 
subsurface soils at 1301-N and 1325-N: a rural-residential population and a recreational 
population. The rural-residential and recreational scenarios are differentiated by the input 
assumptions and parameters including the amount of time spent at the site and the applicable 
routes of exposure. 

Rural-Residential Use: The rural-residential exposure scenario used in this QRA is a slight 
modification of the residential or frequent-use scenario described in the HSRAM, and it is 
consistent with the assumptions developed for the RDRIRA WP, the 100-NR-l/NR-2 CMS, and 
EPA's radionuclide soil cleanup standard. Under this scenario, groundwater underlying 1301-N 
and 1325-N will not be used as a potable water supply or for irrigation purposes for at least 
200 years. Occupancy of the land surface, for exposure purposes, is assumed to be continuous 
for 365 days per year for a period of 30 years. For post remediation, it is assumed that human 
receptors could come into direct contact with contaminants in soil to a depth of 4.6 m (15 ft) 
because basements or other subsurface structures could be constructed within the site ( excavation 
to 3.7 m (12 ft] with a 0.9 m (3 ft] buffer of clean soil). These activities could potentially allow 
human contact with contaminated subsurface soil if the soil has not been removed. It is 
reasonable to assume that, beyond the 4.6-m ( 15-ft) depth, soils would remain undisturbed by 
human activities, and that direct contact with contaminants deeper than 4.6 m (15 ft) would not 
occur. 

The direct human exposure routes to soil contaminants within the top 4.6 m (15 ft) of soil 
evaluated in this QRA under the rural-residential scenario are ingestion of contaminated soil, 
inhalation of suspended dust, and external exposure to radiation. Indirect exposure routes are 
consumption of vegetables, meat, and milk produced at the site. 
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Recreational Use: The recreational exposure scenario used in this QRA is based on the 
recreational scenario described in the HSRAM, and it is consistent with the assumptions being 
developed for the 100-NR-l/NR-2 CMS. Under this scenario , groundwater underlying 1301-N 
and 1325-N will not be used as a potable water supply or for irrigation purposes for at least 
200 years. For exposure purposes, it is assumed that an individual will use the area for 
recreational purposes ( e.g., hiking, camping, swimming, boating) for only 7 days per year for a 
period of 30 years; humans will not inhabit the area. In addition, it is assumed that human 
receptors could come into direct contact with contaminants in soil to a depth of 1.8 m (6 ft) . This 
assumption is based on the following: 

Shallow excavations of a meter or so may occur during recreational activities. 

Animals may live in burrows as deep as 1.8 m (6 ft) , and these animals could bring soil 
from a depth of 1.8 m (6 ft) to the surface. 

Recreational scenarios developed previously have assumed potential human exposure to 
contaminants in soil to a depth of 3.1 m (10 ft) based upon the possibility that plant roots may 
extend to that depth. The 3.1 m (10 ft) depth is considered conservative and the 1.8 m (6 ft) 
depth is considered adequate for mitigation of risk associated with potential human exposure. 

The direct human exposure routes to soil contaminants within the top 1.8 m (6 ft) of soil 
evaluated in this QRA under the recreational scenario are ingestion of contaminated soil, 
inhalation of suspended dust, and external exposure to radiation. 

5.5 RISK AND IMPACT EVALUATION 

This section presents the risk and impact evaluations required to address the two objectives of 
this report (Section 1.0). These evaluations are intended to provide sufficient information to help 
the Tri Parties make defensible decisions concerning the risk to humans and the impact to 
groundwater posed by contaminants in the soils underlying 1301-N and 1325-N. 

5.5.1 Evaluation of the Risk to Humans from Potential Exposure to Contaminants in 
Surface Sediments and Shallow Subsurface Soils (Zone A) 

Using a dose assessment model, radionuclide concentrations (pCi/g) in soil must be converted to 
a dose rate (mrern/year) to evaluate risk from exposure to radionuclide contaminated soils. This 
same model is used to determine radionuclide concentrations in soil that correspond to a dose 
rate of 15 mrern/year above natural background. The use of a model requires an exposure 
scenario that specifies a hypothetical receptor (e.g. , a resident or recreational-user of a site), 
pathways of exposure from radionuclides in soil to the receptor, and assumptions and parameters 
for estimating exposures and doses to the receptor from radionuclides in soil. The "RESidual 
RADioactivity" (RESRAD) model was selected for this evaluation. The model was developed 
by Argonne National Laboratory (ANL, 1993) for implementing DOE guidelines for residual 
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radioactive material in soil. The RESRAD model has been evaluated and approved by the EPA 
for use in performing dose assessments to support the EP A's proposed radionuclide soil cleanup 
standard of 15 mrem/year above natural background. The RESRAD input parameters used for 
calculating dose for the rural-residential and recreational scenarios are identified in the RESRAD 
outputs in Appendix D. 

Radionuclide concentrations that correspond to 15 mrem/year above natural background in the 
year 2010 for both rural-residential and recreational exposure scenarios are presented in 
Table 5-6. The year 2010 is the proposed start date for remediation of 1301-N and 1325-N 
(Liedle, 1995). These values represent general action levels for evaluating the potential human 
health risks associated with radionuclide concentrations in soil based on the RESRAD input 
parameters presented in Appendix D. The values are not intended to represent concentrations to 
be achieved by corrective action at a particular site. These values are based on currently 
accepted rural-residential and recreational scenarios. However, even if scenario assumptions and 
associated 15-mrem/yr concentrations change, the outcome of this hwnan exposure risk 
evaluation will not change because radionuclide concentrations in the surface sediments and 
shallow subsurface soils are extremely high. 

Radionuclide concentrations detected in surface sediments and shallow subsurface soils 
(Zone A) exceed the single radionuclide soil concentrations corresponding to 15 mrem/yr above 
natural background in many instances (Tables 5-7 and 5-8). Based on this comparison, it is 
possible to state that doses a hypothetical individual would be exposed to under the assumptions 
outlined for the rural-residential or recreatiorial scenarios would exceed 15 mrem/yr above 
natural background by several orders of magnitude. Specific doses resulting from exposure, 
under either a rural-residential or recreational scenario, to the high radionuclide concentrations in 
Zone A were not determined because the RESRAD model was developed for use with residual 
radionuclide concentrations. The dose conversion factors and transfer coefficients incorporated 
in the RESRAD model are appropriate for evaluating residual radionuclide concentrations in soil. 
They are not applicable for evaluating the very high concentrations in soil present at 1301-N and 
1325-N. Potential doses to humans from exposure to such high radionuclide concentrations 
would likely significantly exceed 15 mrem/yr. Thus, the risk to humans is greater than the 3E-04 
ICR associated with 15 mrem/yr and probably exceeds the range of acceptable risk specified 
under CERCLA and MTCA. 

Metals detected in the vadose zone are not considered a risk to humans via direct exposure 
because maximum measured values are at Hanford background values or less than MTCA 
health-based action levels in soil. Table 5-9 compares maximum concentrations of metals 
measured in soil from the LFI boreholes with Hanford background values and MICA values. 
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5.5.2 Evaluation of the Magnitude of a Driving Force and the Impact to Groundwater 
(Zones A, B, & C) 

The DQO workshop identified as an immediate concern the possibility that high concentrations 
of contaminants in soil, particularly radionuclides, underlying 1301-N and 1325-N were likely to 
migrate downward through the soil column to groundwater and ultimately to the Columbia 
River. Data collected from recent sampling events within the 100-N Area have provided 
site-specific information on concentrations of radionuclides in soils within the vadose zone, soil 
lithology, hydraulic conductivity, bulk density, volumetric moisture content, porosity, and 
contaminant distribution coefficients. These data have been used to evaluate whether or not 
contamination in the vadose zone will migrate downward and impact the groundwater. This 
section presents an evaluation of the magnitude of a driving force (water from natural surface 
recharge) for migration of contaminants from soil to groundwater and the impact to groundwater 
posed by the potential migration of contaminants. 

Soil sampling within the 100-N Area in the vicinity of 1301-N and 1325-N generally has 
revealed nondetect, low, or decreasing concentrations of radionuclides through Zones B and C. 
In some cases, however, radionuclide concentrations increase in Zone C (Figures 5-3 through 5-6 
and 5-11 through 5-14). For example, in pump-and-treat Well 199-N-105A, the concentration of 
Sr-90 increases from 3.02 to 692 pCi/g at the top of the old groundwater mound (Figure 5-13). 
The Sr-90 concentration then decreases to 111 pCi/g at the 1995 water table~ 117 to 118 m 
(~3 85 to 388 ft) above MSL (Figure 5-13) . While the mechanisms resulting in this contaminant 
distribution in soil are uncertain, these instances of increased radionuclide concentrations 
correspond to the elevation of the old groundwater mound. 

The remainder of Section 5.5.2 addresses whether or not the principal risk-driver radionuclides, 
Co-60, Cs-137, Sr-90, and Pu-239/240, and the metal contaminants cadmium, chromium, lead, 
and nickel will migrate from the vadose zone to the water table. 

5.5.2.1 Magnitude of a Driving Force. Water and contaminant movement through the vadose 
zone to the water table is controlled by the following factors: depth to the water table; amount of 
natural and artificial recharge; thickness, lateral distribution, and dip of the underlying soils; 
moisture content of the soils; saturated and unsaturated hydraulic conductivities; porosity and 
density of the soils; and distribution coefficients for the contaminants of concern. 

The following six-step process, presented fully in Appendix C, is used to estimate the time for 
water to travel from a specified depth to the 1995 water table: 

1. Determine the moisture retention characteristics in 1301-N and 1325-N soils 

2. Determine the unsaturated hydraulic conductivity as a function of volumetric moisture 
content of the vadose zone 
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3. Define the analytical solution to predict relative hydraulic conductivity at a specified 
volumetric moisture content 

4. Develop moisture characteristic curves of unsaturated hydraulic conductivity versus 
volumetric moisture content 

5. Develop equations to estimate the length of time for water to travel through a depth of 
soil at 1301-N and 1325-N 

6. Calculate the length of time for Co-60, Cs-137, Sr-90, and Pu-239/240 to travel through 
a depth of soil at 1301-N and 1325-N. 

Estimated travel-times to the water table were calculated for the soil types observed in boreholes 
199-N-107 A, 199-N-108A, and 199-N-109A using three different recharge rates: 0.2 cm/yr 
(0.08 in./yr), 2.0 cm/yr (0 .8 in./yr), and 10 cm/yr (3.9 in./yr). The 0.2 cm/yr (0.08 in./yr) rate was 
used in the 100 Area Source Operable Unit Focused Feasibility Study (DOE-RL, 1995e), the 
2.0 cm/yr (0.8 in./yr) rate was determined in Estimation of Natural Groundwater Recharge for 
the Performance Assessment of a Low-Level Waste Disposal Facility at the Hanford Site 
(Rockhold et al. , 1995). The 10 cm/yr (3 .9 in./yr) rate has been applied for comparative 
purposes. Based on the above Rockhold reference, the 2.0 cm/yr (0.8 in./yr) recharge rate is 
considered the most appropriate for the 100-N Area. Table C-2 in Appendix C contains the 
volumetric moisture content values corrected for gravel content for these recharge rates along 
with porosity and particle density values for soils from 199-N-107 A, 199-N-108A, and 
199-N-109A. 

Travel-times for water (i.e., the driving force) moving from the bottom of both 1301-N and 
1325-N to the water table ~117 to 118 m [~385 to 388 ft] above MSL) for each recharge rate are 
plotted as a function of elevation (left Y-axis) or depth (right Y-axis) on the left hand graph in 
Figures 5-19 through 5-30. The discontinuities in the "water only" plots are a result of 
differences in soil types with depth. (See Appendix C for the discussion of soil types.) To arrive 
at a travel time at a particular elevation, draw a line perpendicular to the Y-axis until it intersects 
the recharge rate of interest and then read off the travel time from that point to the water table 
from the X-axis. For example, using Figure 5-19, for water present at a depth of 9.1 m (30 ft) or 
131 m ( 430 ft) above MSL, and a recharge rate of 2 cm/yr (0.8 in./yr), it would take 90 years for 
water to travel through 12.8 m (42 ft) of soil to the groundwater (~117 to 118 m [~385 to 388 ft] 
above MSL). 

5.5.2.2 Impact to Groundwater from Radionuclide Migration. After the magnitude of the 
driving force was identified, the impact of this force on contaminants in the soil was estimated. 
This impact was quantified by determining the time required for contaminants to travel through 
the soil column. This was accomplished by modifying the retardation equation for unsaturated 
flow to estimate the relative velocity of each contaminant to the groundwater as described in 
Appendix C. The distribution coefficients, retardation factors, and half lives used in this 
evaluation of impact to groundwater are presented in Table 5-10. 
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Estimated travel-times for Co-60, Cs-137, Sr-90 and Pu-239/240 migrating from the bottom of 
1301-N and 1325-N to the water table for the 100-N recharge rate (2 cm/yr [0.8 in./yr]) are 
plotted as a function of elevation (left Y-axis) or depth (right Y-axis) on the right hand graph in 
Figures 5-19 through 5-30. 

The same process used to estimate the travel-time of water through a vertical section of soil was 
also used to estimate the travel-time for contaminants. For example, using Figure 5-21, it takes 
20,000 years for Sr-90, present at a depth of 9.1 m (30 ft), to travel to groundwater. For 
comparative purposes, the 0.2-cm/yr (0.08-in./yr) and 10-cm/yr (3. 9-in./yr) recharge rates and the 
"water only" travel-time plots have been provided. 

The impact that these contaminants could have on groundwater is illustrated by Figures 5-19 
through 5-30. Approximate travel times to the 1995 water table from major points of concern 
have been extracted from these figures and are presented in Table 5-11. Major points of concern 
are the bottom of 1301-N and 1325-N, the top of the old groundwater mound ~125 m (~410 ft) 
above MSL, and at the high water table associated with high Columbia River flows that occurred 
in early 1996 at ~119.8 m (~393 ft) above MSL. 

The results of the travel-time calculati~ns (Appendix C) suggest that radionuclide travel-times 
through the vadose zone to the existing water table are on the order of 1,000 years to greater than 
100,000 years. Radionuclides will undergo radioactive decay as they migrate through the vadose 
zone. Consequently, the potential for a radioactive contaminant to reach groundwater depends 
upon the depth in soil at which the contaminant is located, the concentration present, and the 
half-life of the radionuclide. If a sufficient number of half-lives elapse during travel through the 
vadose zone, it is possible for high concentrations to be present in soil without posing an impact 
to groundwater via migration. As an example, the evaluation of the potential impact to 
groundwater posed by Sr-90 in soil from 199-N-107 A is presented below (for this example, 
reference Figure 5-21): 

Select the soil sample from 199-N-107 A with the maximum decayed concentration of 
Sr-90 from Table 5-5 -- (19,543 pCi/g at a depth of3.4 to 4.0 m [l 1 to 13 ft] or an 
elevation of 134 to 136 m [449 to 447 ft] above MSL). 

Calculate the time of decay from 19,543 pCi/g to the laboratory detection limit (1 
pCi/g) 
-- ( 416 years) for the selected maximum concentration of Sr-90. 

• Use Figure 5-21 to estimate the travel time from 136.55 m ( 448 ft) above MSL (the 
elevation at which the sample containing the maximum measured Sr-90 concentration 
was collected) to the 1995 water table with recharge rate of 2 cm/yr (0.8 in./yr) -
(28,351 years). 

• Compare the time of decay to the detection limit with the travel-time to the 1995 water 
table -- (416 years versus 28,351 years). 
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• Determine the maximum concentration of Sr-90 measured in 199-N-l 07 A decays to 
nondetectable levels before it can travel to groundwater. 

• Conclude that the maximum concentration of Sr-90 measured in 199-N-107 A does not 
pose an impact to groundwater. 

This evaluation is presented in Table 5-12. Similar evaluations for the risk-driver radionuclides 
were performed using the maximum 95 percent UCL decayed concentrations from the surface 
sediments data (Table 5-4) and maximum decayed concentrations detected in Zones A, B, and C 
from the LFI boreholes (Table 5-5). 

Based on these evaluations, concentrations of Co-60, Cs-13 7, and Sr-90 in the surface sediments, 
the shallow subsurface soils, and the deeper soils (Zones A, B, and C) do not pose an impact to 
groundwater via the migration pathway because they decay before they reach groundwater. 
However, concentrations of the long-lived radionuclides Pu-239 and Pu-240 may reach the water 
table in hundreds of thousands of years. Given the magnitude of time involved, the impact posed 
to groundwater by plutonium migrating to the water table is not an immediate concern. 

5.5.2.3 Impact to Groundwater from Metals Migration. Concentrations of cadmium, lead, 
and nickel do not pose an impact to groundwater because measured values were not consistently 
above detection limits or Hanford soil background values. However, chromium was measured 
above the detection level and above background in soils under I ying 1301-N. 

The Summer's Model was used to perform an evaluation of the potential impact to groundwater 
posed by chromium migrating through the soil column to the water table. For purposes of the 
Summer's Model evaluation, the site area was defined as the total area of the 1301-N crib and 
trench which equals 4856 m2 (BHI, 1996). The mixing zone width (i .e. , the site width 
perpendicular to the direction of groundwater flow as measured from the southwest corner of the 
crib to a point due south of the southeast corner of the trench) was defined as 315 m. For 
bounding purposes, a mixing zone width of 105 m was also used, and several Kd s were 
evaluated. Table 5-13 contains both the site-specific and general input parameters used in the 
Summer's Model for this evaluation. The results of this evaluation are presented in Table 5-14. 

Using a mixing zone width of 315 m, a Kd of zero, and assuming the maximum measured 
concentration of chromium, 57.7 mg/kg is all hexavalent; the estimated concentration of 
chromium in groundwater is 2,783 ug/L. If a mixing zone width of 105 m is used, the estimated 
concentration of chromium in groundwater is 8,290 ug/L. However, the representative 
maximum concentration of chromium (measured as total chromium) currently detected in the 
groundwater underlying 1301-N and 1325-N is 240 ug/L. The MCL for hexavalent chromium is 
80 ug/L. 

Although the Summer's Model estimates chromium concentrations in groundwater exceeding the 
MCL as a result of potential contaminant migration through the soil column, uncertainty is 
associated with the evaluation. Several factors contribute to this uncertainty including the 
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applicable mixing zone width, the valence of the chromium in soils beneath 1301-N, and the Kd 
values applicable to chromium species in Hanford soils. 

In the case of 1301-N, the applicable mixing zone width is a subjective decision due to the shape 
and orientation of the facility . Thus, the bounding cases of 315 m and 105 m were carried 
through the evaluation. 

Chromium in soil at 1301-N and 1325-N was characterized as total chromium, but the form, 
trivalent, or hexavalent, was not determined. Thus, it is not known if the chromium detected is 
all trivalent or all hexavalent, or some combination. This creates uncertainty about the potential 
mobility of chromium in soil. Chromium was originally discharged to 1301-N as hexavalent 
chromium. While 1301-N was in use, the travel-time of water through the vadose to the water 
table was relatively short, and hexavalent chromium would have traveled with the water (given a 
Kd of zero as discussed in Section 4.0). After sodium dichromate releases to 1301-N ceased in 
the early 1970s, millions of liters of water continued to be discharged to the facility every year 
for approximately 15 years. Given the copious amount of water discharged to the soil, any 
residual hexavalent chromium remaining in the soil should have moved with the water through 
the soil column to the groundwater. Once all discharges to 1301-N ceased, the rate ofhexavalent 
chromium migration would have decreased considerably, and chromium was then subject to 
chemical transformation based on soil characteristics (as discussed in Section 4.0) . If the 
chromium remaining in the soil after discharges ceased did not transform to the trivalent state, it 
should have migrated to the water table in approximately 10 years (Figure 5-19). The fact that 
chromium concentrations are still detected in the soil above background after 20-plus years 
indicates that the majority of the chromium is likely present in the trivalent state. 

Compounding the uncertainty associated with the valence of the chromium is the lack of 
substantiated data concerning the Kd values applicable to chromium in Hanford soils. If one 
assumes the migration of chromium is slightly retarded in soil (i.e., Kd equals 2), then the 
estimated concentration in groundwater, using mixing zone widths of 315 m and 105 m, 
decreases substantially to 69.4 ug/L and 207 ug/L respectively. 

Chromium migration to the water table may or may not pose a potential impact to groundwater; 
however, uncertainty exists due to information gaps in the behavior of chromium in Hanford 
soils. The actual Kd value for chromium in Hanford soils has not been measured and the valence 
and resulting behavior of the chromium detected in the soils below 1301-N is uncertain. It is 
possible that the chromium present is not all hexavalent chromium with a Kd of zero. Therefore, 
it is possible that chromium detected in soils below 1301-N does not represent an increased 
impact to groundwater over existing conditions. 
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5.6 WATER TABLE FLUCTUATION IMPACTS ON CONTAMINANT 
MIGRATION (ZONE C) 

The migration of contaminants to groundwater as a result of a fluctuating water table is 
addressed briefly in this section. 

Radionuclides have been detected through the vadose zone to the water table at ~ 117 to 118 m 
(~385 to 388 ft) above MSL near 1301-N and 1325-N and downgradient toward the Columbia 
River. At the old groundwater mound, Sr-90 increases in concentration and then at most wells, 
decreases in concentration with depth. Resaturation of deep vadose zone soils may occur 
whenever the water table rises. This periodic resaturation of contaminated soils may result in a 
temporary increase of contaminant concentrations in groundwater. 

This possible increase in concentration between the 1995 water table and the old groundwater 
mound has the following implication: if the water table rises, resaturation of soils that contain 
elevated levels of radionuclides may occur. This resaturation may increase the levels of 
contamination in the groundwater over those observed in the past. 

In early 1996, the Columbia River leve~s were unusually high. As a result, the water table 
underlying 1301-N and 1325-N rose ~1.5 to 2.4 m (~5 to 8 ft) and resaturated soils containing 
elevated concentrations of Sr-90. The concentration of Sr-90 in groundwater increased from an 
average of 1094 pCi/L before this rise in the water table to an average of 1942 pCi/L after the 
rise. These results will be published in the I 996 100-NR-2 Annual Report to be published in the 
spring of 1997. 

The resaturation phenomenon and the corresponding increase in Sr-90 concentration in 
groundwater is not considered a concern for this QRA because it is an infrequent and temporary 
impact that is currently being addressed by the N-Springs pump-and-treat system and the 
100-NR-2 CMS. 

5.7 SUMMARY OF THE QRA 

The evaluations conducted in this QRA are summarized below: 

• Potential exposure to radionuclide contaminants in the surface sediments and shallow 
subsurface soils (Zone A) associated with both 1301-N and 1325-N poses a high risk to 
humans as discussed in Section 5.5 .1. 

• Potential exposure to metals in the vadose zone associated with both 1301-N and 1325-N 
poses no significant risk to humans as discussed in Section 5.5. 1. 

• Cobalt-60, cesium-137, and strontium-90 concentrations present in the surface sediments, 
shallow subsurface soils, and deep vadose zone (Zones A, B, and C) beneath both 
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1301-N and 1325-N, as well as concentrations in vadose zone soils beneath the extraction 
wells and the near-river well, do not pose an impact to groundwater via the recharge 
migration pathway because of radioactive decay during the time of migration. 
Plutonium-239/240 reaches the groundwater, but the impact is not of immediate concern 
given the magnitude of the time involved. 

Chromium in the vadose zone soils (Zones B and C) beneath 1301-N may impact 
groundwater because the estimated concentration reaching groundwater under a 
worst-case scenario is above the MCL. 

• Radionuclide contaminants in the deep vadose zone soils of the capillary fringe between 
the "normal" water table level and the "high" water table level (a difference in elevation 
of -1.5 to 2.4 m (- 5 to 8 ft]) associated with high Columbia River levels may flush to the 
groundwater via the resaturation migration pathway as discussed in Section 5.6 . 
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V, 
I 
~ 
00 

Location 

CS-01 

CS-02 

CS -OJ 

CS-04 

CS-Ol 

CS-07 

CS-08 

CS-09 

CS-10 

CS- II 

CS-12 

Colltcllon 
Dile 

8/1/ll 

6/24186 

71818 7 

8/1/ll 

6/24/86 

718/87 

8/1/8S 

6124/16 

7/8/87 

8/l /8l 

6/24/86 

7/8/87 

8/1/Sl 

6/24186 

7/8/!7 

8/l/8S 

6/24186 

7/8/87 

8/l/8S 

6/24/86 

7/8/87 

8/1/ll 

6/24/86 

7/8/8 7 

8/l /8S 

7/8/87 

8/l /8l 

7/8/87 

8/1/Sl 

718/87 

Coball -60 

1,300,000 

9. 100,000 

820,000 

660,000 

l 20,000 

1,400,000 

1,100,000 

2,)00,000 

6)0,000 

600,000 

2,l00,000 

6)0,000 

180,000 

620,000 

680,000 

1,600,000 

1,300,000 

1,700,000 

1,700,000 

11 00000 

140,000 

2,800,000 

820,000 

S20,000 

1•0,000 

800,000 

840000 

l 80,000 

1,200,000 

Ori&i111I Dalt (pCi/c) 

1· IuIonIum• 

Cuium-137 Stronlium-90 2l9/240 Ccbah-60 

41,000 11,000 12.000 319,70) 

180,000 9,100 2.l 17,ll9 

)2,000 14,000 l,200 260,022 

49,000 26.000 l,000 162.)11 

62,000 ),900 14l,!S9 

ND 40,000 49,000 44) ,94 1 

49,000 89,000 ll ,000 270,Sl8 

81,000 l,000 6)6,)01 

18,000 S,900 1,600 199,77) 

JS,000 27,000 4.)00 1•7,SSl 

8S,OOO l ,000 691,6)2 

29,000 •,JOO 9,900 199,77) 

11,000 ll,000 2,800 44,267 

92,000 l ,400 171 ,S2l 

J0,000 10,000 8,lOO 21l,628 

11,000 200,000 J0,000 )9),481 

ND 

48,000 6)0,000 98 ,000 •12,21 I 

29,000 100,000 l 6,000 41 8,07) 

66,000 470,)09 

l lOOO 270000 120,000 )48 ,811 

S,000 17,000 12,000 14,410 

80,000 9,200 774,627 

17,000 10,000 8,)00 260,022 

S6,000 ll ,000 2,)00 127,81 1 

21,000 14,000 l ,•00 44 ,)94 

48,000 12,000 6,900 196,740 

1)000 29000 20,000 266,)64 

71 ,000 l,800 34,000 1•2,6)7 

ll ,000 ll,000 )9,000 l80,S21 

Dtc1ytd lo April 1, 1996 (p Ci/t) 

l'lut omum • 

Cc,lum-lJ7 Slrontium-90 2l9n<o Coball-60 

)2_227 61.2ll 12,000 CS-OI -CS-012 

144,)7) 7,210 mean )68,789 

26,27l 11 ,)70 l,200 SlDcv 4ll ,087 

Count 29 

18,lll 20,166 1,000 9SY, CL l,276 

49,729 l,090 UCL )74,064 

ND ]2,487 49,000 

l8,SIS 69,0)1 ll .000 

70,S8) l ,962 

14,779 4,792 1.600 

27.ll l 20,942 •,JOO 

61,176 J,962 

ll,8 11 J,492 9,900 

10,218 11,6)4 2,800 

7) ,79 1 2,694 

24,6)2 8,122 8,lOO 

8,646 l lS, 126 J0,000 

ND 

)9,412 SI 1,670 98,000 

22.79l 77,56) l6,000 

S2 ,9J7 

12.) 16 219,287 120,000 

l ,930 ll ,186 12.000 

64, 166 7,290 

ll ,9l8 8,122 8.)00 

•4,018 10,08) 2,)00 

17,24 ) 11 ,)70 1,400 

)7,729 9.)08 6,900 

10,6H 2l ,l ll 20,000 

l l,801 4,499 )4 ,000 

10,674 28 ,426 39,000 

l-'lu1 0111um 
Cts lum-13 7 Slronlfum-90 ll9n40 

J7,0l2 48,2)9 24,l09 

29.)96 10),)87 l 1,724 

28 28 22 

)48 1,22l 424 

17,400 49,464 24 ,9)) 
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v, 
I 

.J::>. 

'° 

CollulionOa 

Lo ca tion t 

TS-01 1/1/80 

1/1/81 

1/1 /8 2 
1/1/8) 

8/1/84 

8/l/8l 

TS-02 1/1 180 
1/ 1/8 1 

1/1 /82 
1/ 1/83 
8/1/84 

8/1/Sl 

TS-OJ 111/80 
111/81 

111/82 
1/1/83 
8/ 1/84 
8/ 1/Sl 

TS-04 1/ 1/80 

1/1/81 
1/1/82 

1/ 1/83 

8/ 1/84 

8/ l/8l 

TS-Ol 111/8 0 
1/1/81 

1/1/82 
1/1183 
8/1 /84 

8/1/81 
TS-06 1/1180 

11118 1 
111/82 
1/1/8) 

8/ 1184 
81118l 

TS-07 1/ 1/80 

111/81 
111 182 
1/118) 

8/ 1/14 

8/1/81 
TS-08 l/ 1180 

1/1/8 1 

1/1 /82 

1/1/83 
S/1/84 

811/Sl 

TS-09 1/1/80 

111/8 1 

1/ 1/82 
1/1/83 
8/ 11&4 
8/ 1/Sl 

NA· No1 analyz.cd. 

Coball -60 

13,000,000 

6,600.000 
21,000,000 
22,000,000 

53,000,000 

1,300,000 

8,800,000 

6,300,000 
27,000,000 
16,000,000 

22 ,000,000 
1,100,000 

8,400,000 

19,000,000 

34,000.000 
21,000,000 
32.000,000 

1,600,000 

l, 100,000 
6,000,000 
6,400,000 
8,000,000 

16.000,000 

1,200,000 
3,100,000 
4,400,000 

6,600,000 

l ,200,000 
8,300,000 

910,000 
l,600,000 

17,000,000 
1 l ,000,000 
16,000,000 

23,000,000 
1, 100,000 
1,700,000 

8,900,000 

14,000,000 
6,000,000 

16,000,000 
1,100,000 
7,600,000 

l,400,000 

4,l00,000 

4,000,000 

16,000,000 
260,000 

4,300,000 
8,)00,000 

4,300,000 

4,000,000 

I l ,000,000 
640,000 

Oritinal 1> 111 (pCVs) 

Culum-137 Stronlium-90 

270,000 NA 
190.000 170,000 
940,000 110,000 

83,000,000 46,000 

3,100,000 NA 
29,000 9) ,000 

210,000 NA 
190,000 770,000 

490,000 2l0,000 
ll0,000 46,000 

960,000 NA 
26,000 77,000 

120,000 NA 
l30,000 11 0,000 
940,000 ll0,000 
580,000 29,000 
820,000 NA 

37,000 210,000 

220,000 NA 
lJ0,000 )6,000 

lJ0,000 ll0,000 
380,000 26,000 
750,000 NA 

28,000 110,000 
260,000 NA 
490,000 21,000 
540,000 110,000 

720,000 l l,000 
1,300,000 NA 

ll,000 190,000 
210,000 NA 
l70,000 96,000 
l00,000 230,000 
950,000 46,000 

750,000 NA 
68,000 120,000 

240,000 NA 
ll0,000 110,000 

1,000,000 83,000 
800,000 27,000 
980,000 NA 

16,000 120,000 
6)0,000 NA 
440,000 21,000 

460,000 70,000 

400,000 1) ,000 

7JO,OOO NA 
22,000 70,000 

ll0,000 NA 
780,000 41,000 

160,000 l l0,000 

190,000 8,700 
1,)00,000 NA 

lS,000 110,000 

Otcaytd to Apri l I, 1996 (pCVc) 

Plutonium 
ll9n40 Cobah-60 Cuium- ll7 Stron ti um-90 

NA 1,ll4,lll 187, 10) 

26,000 888 ,688 134,677 118,227 
28 ,000 J ,224,764 681 ,49l 78,)43 

12,000 3,812,782 6 1,5,47,2)8 13,lll 
NA ll,428,9l0 2,382 ,34l 

26.000 319,703 2l,79l 72 , IJJ 
NA l,038,62l l4l,l24 

9,200 848,29) IJ4,677 lll,10 1 
6) ,000 4.146,12l lll,247 178,0ll 
ll ,000 2,802,0ll 407,843 33,ll l 

NA 4,744,092 7J7,7l8 
16,000 270,)18 20,4)7 l9,723 

NA 99 1,4 1) 8l, l l 7 

21 ,000 2,ll8,l4l )71,677 76,100 
170,000 l,lll,047 68 1.49l 227,907 

10,000 4,378,16 1 430,089 21 ,112 
NA 6,900,498 630,169 

27,000 )9),48 1 29,08) 162,882 

NA 60 1,9)0 152.454 

12.000 807,899 233 ,9 12 2l,Ol6 
2,800,000 982,78) )84,247 106,8 ]1 

7,100 1,40 1,012 28 1,783 18,964 
NA J,4l0,249 576,374 

ll,000 291, 11 1 22,009 81 ,319 
NA )65,879 \8 0, 17J 

l,100 592,459 347,32 4 14,60 5 
660,000 1,01),497 )91,497 78,)4) 

l ,000 910,618 lll ,904 9,4 82 

NA 1,789,817 999,048 
21,000 2ll,629 41 ,232 147,) 69 

NA 660,90 145,524 

25,000 2, 289,046 404,0]0 66.76-1 
44,000 2,303,403 162 ,4?7 163,808 

9,800 2,802,02) 704 ,456 JJ ,55 1 

NA 4,959,7l) 176,)74 
24,000 270,118 ll,4l0 93,071 

NA 200,64) 166,Jl) 

30,000 1,198,)8) J7S ,677 76,100 
17,000 2,149,843 724,994 l9.IIJ 
6,200 1,010,719 l93 ,226 19,693 

NA l,4S0,249 7ll,128 
14,000 )19,70) 44,0 18 9),07) 

NA a,6.99• 436,173 

6,600 727,109 111,883 17,386 
16,000 69 1,021 lll ,497 49,811 
4,600 700,106 296,61] 9,482 

NA J,4S0,249 S61 ,004 

11 ,000 63,941 17,293 l4,294 

NA 107,1 10 242,)40 

20,000 l ,117,l93 lll,883 ll,296 

l l,000 660,309 40),997 106,8) 1 

• ,JOO 700,)06 289,198 6.)4S 

NA J,2)4 ,608 999.0.i& 
20,000 IS7.)92 19,6S I BS ,l 19 

..., 
~ 
0-- -Pl11toni11111 

ll9/2•0 
Plulonium 

Coball-60 CtJ ium•lJ7 Slronliun~90 ll9/2•0 

..., ('I) 

r.r.i tll 
I 1 

'IS -OI-TS-09 0 -26,000 1nenn 1,899,069 l,l27,826 84,718 117,297 -28,000 

12,000 
StDev 2,069,032 8,ll0,082 9),937 472,824 

Counl l4 l4 )6 )6 

9l¼CL 17,6)6 71,08) 982 4,942 

... r.r.i 
0 ('I) ..., 0.. .... 

26,000 

9,200 
63,000 
13,000 

16.000 

2l,OOO 

170,000 
10,000 

27,000 

12,000 
2,800,000 

7,lOO 

23 ,000 

l,100 
660,000 

J,000 

2 1,000 

UCL 1,9 16.72) 1,l98,909 8l,700 122,2)9 
'IS--0 1-TS-OJ 

mean l ,08l,6l8 J,8)2,600 lll, 127 Jl,433 
StDcv 2,8l8,ll6 14,411,901 14 1,966 44,768 
Count 18 18 12 12 
9So/eCL 42,244 2 13,038 2,l70 810 
UCL J, 127,902 4,D4S,6J8 13l,697 36,244 

TS-04-TS-09 

mean l,JOl,77l l7l,439 60,l14 ll8,229 
SlDev 1, 191,200 218,062 44,llS l77,928 
Cou n1 )6 )6 24 24 
9S¾CL 12,49 1 2,697 lGG 7,397 
UCL 1,3 18,266 378,137 6 1,080 16l,627 

r.r.i 8 I 
0 ('I) '-.;O 
-.a = ,a-,,., 
'-' ... ..,.,.,,,,. 

0 
C, -c..N 
~ ~ 

~ ., ... 
'-...0 -· ~ ., CJ~ :;, _r:;:. 

C, -· $ = 0 
('I) ~ 8 t.::'l n - -.A 
~ ~ ... cr-. '< = =-('I) 0.. ('I) '-D 
0.. 

C, -(j ('I) w t:i 0 n N 

= ~ !.Jl 0 
n '< 1 

t:i trJ ('I) ('I) z 
~ = 0.. 

., ... (j ~ 
. ., 

(j ., ::t> 
~ ;: I ... 0 • '° ;· = 0\ 

n - 1 

= ('I) (j -"' = r.r.i 
21 ,000 
44,000 

9,800 

24,000 

,----_ ... 1 ., 0 '"O ~ -~ ... 
(JQ ;· ... 
ro 0 

N = (j "' 
J0,000 

17,000 
6,200 

0 ~ r:n 
>-+-, 1 .... -N ... 
'-" ::r N 

'-' 

14,000 

6,600 

16,000 
4,600 

11 ,000 

20,000 

ll ,000 
4.]00 

20,000 

r:n ~ 
C: = 8 0.. 

8 ... =-~ ('I) 

~ -w 
r.r.i 0 ... -~ 1 ... z -· "' ~- ..., 
n ., 
"' ('I) 

= n 
::r 



Vl 
I 

Vl 
0 

Location 

199-N-107A 

199-N-108A 

Zone 

A 

.......... 
B 

.......... 
C 

A 

.......... 
D 

.......... 
C 

Lab 

222-s• 
222-S 

Quanterru 
222-S 

.... Quanterra ... .. 
222-S 
222-S 

Qunnterra 
222-S (Dup) 

Quuntcrra (Dup) 
222-S 
222-S ............ ................. 
222-S 

Quanterrn 
222-S 
222-S 

Quanterra 
222-S 
222-S 

Quanterra 
222-S (Dup) 

Qunntcrrn (Dup) 
222-S 
222-S 
222-S 

Quanterra 
222-S ............................. 
222-S 
222-S 
222-S 

Quantcrra 
222-S 

Depth 
(feet below 

groU11d 
surface) 

NA 
9 • 11 
9 - 11 

II - 13 

.... 1.1 ... - _13 ..... 
23 

28 • 30 
28 • 30 
28 • 30 
28 • 30 

40 
50 ....................... 

57 · 59 
57 · 59 

69 
14 .5 · 16.5 
14.5 • 16.5 

18 
23 • 25 
23 • 25 
23 • 25 
23 • 25 ....................... 

28 
32 .5 

42 • 44 
42 • 44 

47 ....................... 
52 

59 .5 
62 • 63 .5 
62 · 63.5 

69 

Elevation 
(feet above 
mean sea Collection 

level) Date Cobalt-60 

NA 8/25/95 56300 
451 - 449 11/29/95 107000 
451 - 449 11/29/95 139000 
449 - 447 11 /30/95 132000 
449 • 447 11/30/95 120000 .......................... ..................... ...... ............ 

437 12/5/95 23.90 
432 - 430 12/5/95 5.82 
432 • 430 12/5/95 4.96 
432 • 430 12/5/95 5.25 
432 • 430 12/5/95 5.57 

420 12/6/95 1.20 
410 12/6/95 0.79 .......................... ..................... .................. 

403 • 401 12/8/95 1.15 
403 - 401 12/8/9 5 1.29 

391 12/8/95 0.71 
442 .5 - 440.5 11 /9/95 522 
442 .5 • 441 11 /9/95 1200 

439 11 /9/95 3300 
434 • 432 11 /10/95 10.40 
434 · 432 11 / 10/95 7.10 
434 · 432 11/10/95 14.20 
434 - 432 11/10/95 9.20 .......................... .. ... ................ .................. 

429 11/10/95 3.53 
424 .5 11 /10/95 ND 

415 - 413 11/15/95 ND 
415 • 413 11/15/95 0.55 

410 11/15/95 ND .......................... ..................... .......... ........ 
405 11/15/95 ND 

397.5 11/15/95 1.77 
395 - 394 11/16/95 ND 
395 • 394 11/16/95 0.54 

388 11 /16/95 ND 

Concentration (pCi/e) 
Original Data Decayed to April 1, 1996 

~ 
Plutoniwn- Plutoniwn- ~ 

O" 
Cesiwn-137 Strontiwn-90 239/240 Cobalt-GO Ccsium-137 Strontium-90 239/240 -~ 

102000 92299 12700 52013 100623 90984 12700 
12100 3250 NR 102328 12008 3224 

u, 
~ 

I 
N 

~ 
15800 9560 · 1590 132931 15679 9483 1590 
15100 12600 689 126282 14986 12499 689 

Q.. 0 ... 
0 .., 

12500 19700 3340 114802 12405 19543 3340 ...................... ········ ·· ··············· ........................ .................. ...................... ......................... ················"···· 
= ... 
c:: CJ,9. 

2790 1170 NR 22.91 2770 1161 
5.81 1550 NR 5.58 5.77 1538 

n = ::~ 
Q.. -

2.46 1530 ND 4.75 2.44 1518 ~ ~ 
V, = 5.69 1350 NR 5.03 5.65 1340 ~ Q.. 

6.01 1310 O.o? 5.34 5.97 1300 0.07 
ND 1080 NR 1.15 1072 

0 ~ 
8 ~ t:J n 

NR 188 NR 0.75 187 ...................... ····· ······· ············· ........................ ..... ..... ........ ...................... . ........ ................ ...................... 
ND 63.10 NR 1.10 62.63 
ND 50.00 ND 1.24 49.63 
ND 54.60 NR 0.68 54.19 

3200 139 NR 496 3172 138 
6770 768 12.60 1139 6710 761 12.60 
15700 785 73.70 3133 15561 778 73.70 
108 1410 NR 9.88 107 1397 

44.30 1430 ND G.74 43.91 1417 
84.90 1380 NR 13.49 84.15 1367 
65.80 1740 ND 8.74 65.22 1724 

..... ~ 0 =- '-< t:J trJ ~ ~ 

t'"' Q.. >-1 ~ p) 
~ ('j ::i:, 
-o I 

• '-D ex:,= 0\ o n I .., ~ -~ = ....... =- ..... 0 .., -~ ~ ... 
V, 0 

,......., = 'lj V, 

.......... .. .......... .................. ....... ........................ .. ................ ........... .... .... ... ......................... .. .................... 
24.10 195 NR 3.35 23.89 193 

p) 0 
(JQ ...., 

ND 119 NR 118 
ND 24.G0 NR 24.38 
ND 57.90 ND 0.52 57.38 
ND 4.33 NR 4.29 ········· ............. ......................... ............. . , ...... .................. ...... ................ .. ... .................... ............. ......... 
ND 1.38 NR 1.37 
ND 239 NR 1.68 237 

(1) ..... - =-~ 
0 
~ H) 

N V, 
'-' ? 
~ .., 

ND 24.70 NR 24.48 ~-
ND 144 ND 0.51 143 ~ .., 
ND 129 NR 128 



V, 
I v, -

Location Zone 

199-N-109A A 

.......... 
B 

.......... 
C 

NR = Not requested 
ND= Not detected 
Dup = Duplicate 

Lab 

222-S 
Quantcrrn 

222-S 
Quanterra 

222-S 

.... , Quunterrn ..... 
222-S 

Quanterra 
222-S (Dup) 

Quanterrn (Dup 
222-S 
222-S 

.... , Quanterra .... . 
222-S 
222-S 

Quanterra 

Depth 
(fe et below 

gro1md 
surface) 

8 - 10 
8 - 10 

10 - 12 
10 - 12 
17 - 19 
17 • 19 .... ................... 
24 - 26 
24 - 26 
24 - 26 
24 - 26 

30 
39 - 41 
39 - 41 ....................... 

50 
59 .5 - 61.5 
59.5 - 61.5 

EAL= Environmental Analytical Laboratory 
PNNL = Pacilic Northwest National Luborutory 

Elevation 
(feet above 
mean sea Collec tion 

level) Date 

443 - 441 12/ 19/95 
443 - 441 12/19/95 
44 1 - 439 12/20/95 
44 1 - 439 12/20/95 
434 • 432 12/20/95 
434 • 432 12/20/95 ················" ........ ..................... 
427 • 425 12/22/95 
427 • 425 12/22/95 
427 - 425 12/22/95 
427 • 425 12/22/95 

421 12/22/95 
412 - 410 12/27/9 5 
412 - 410 12/27/95 .......................... ..................... 

401 12/27/9 5 
39 1.5 - 389.5 12/28/95 
39 1.5 - 389 .5 12/28/95 

*Sample was collected from soil on a boulder removed from the base of the cri b. 
Zones A, B, und Care used in the risk assessment. 

Origin al Da ta 

Cobalt-60 Ccsium-137 Stro ntium-90 

225 37 1 1080 
379 573 1340 
3.83 ND 866 
4. 51 0.52 1230 
1.65 ND 331 
2.37 0.14 401 . ................. ...................... ... .. ........ ... , ........ 
1.73 ND 193 
1.57 0.06 226 
1.95 ND 147 
1.43 ND 200 
2.78 ND 127 
0. 54 ND 2.34 
0.55 ND 27.70 ............... ... . ..................... ..... ... ................. 
1.2S ND 4.61 
1.42 ND 18. 10 
1.48 ND 16.00 

..-:J 
Concentration foL'ill!) 

~ 
O"' 

Decayed to April 1, 1996 ;-

Plutonium- Plutonium-
239/240 Cobnlt-60 Ccsiwn-137 Stro ntiLUn-90 239/240 

NR 217 369 1073 
24.10 365 569 1331 24.1 0 
NR 3.69 860 
ND 4.35 0. 52 1222 

CJI ~,..;.a 
::,::, I 

N a--.. 
~ -Q. 0 (.>,I .... 
0 ., ..i:: = .... 

'° = 0.9, 
n = _:s::::. 
:":t., • 
Q. - c=) 

NR 1.59 329 
0.15 2.28 0.14 398 0.15 ························ .................. ...................... .... ....... .............. ...................... 
NR 1.67 192 
ND I.St 0.06 225 

~ ~ -.J V, ::s ""'J 
~ Q. C:l 
0 t;:; 
9 ~ t:J n 

NR 1.88 146 
ND 1.38 199 
NR 2.68 126 
NR 0.52 2.33 
ND 0.53 27.53 ........... ... .......... .................. ...................... ...... ................... •• • • • •••• • • ••ooo0•00,o 

NR 1.21 4.58 
NR 1.37 17.99 
ND 1.43 15.90 

- ~ 0 O" '-< 
t:J tT1 ~ ~ 

t"" Q. ..... 
~ $:I) 

~ (j ;:I:> .... 0 I 

• '-0 oj = 0\ 
0 n I ., ~ -~ ::s -O" -., 0 ~ ;- -V, o· 
-.. = '1j V, 

$:I) 0 
UQ -. 

(1) -N O" 
~ 

0 
~ >-+, 

1--..J V, ..__, :,::-
I 

t;:; ., ~-
~ ., 



V1 
I 

V1 
N 

Location 

199-N-95A 

199-N-103A 

199-N- 104A 

Zone 

C 

.......... 
NIA 

B 
C 

NIA 

D 

Lab 

Quanterra 

.... Quonterrn ..... 
Quanterra 
Quonterro 
Quanterra 
Quanterra 

.... Quuntcrra ..... 
EAL 

PNNL 
Quanterra 

EAL 
PNNL 

Quunterra 
EAL 

PNNL 
PNNL (Dup) 

EAL 
PNNL ............................. 
EAL 

PNNL 
Qunntcrru 

EAL 
PNNL 
EAL 

PNNL 
EAL 
EAL 

PNNL 
EAL 
EAL 
EAL 

Qunnterra 
EAL 
EAL 

Depth 
(feet below 

grow1tl 
surface) 

5 
10 ....................... 
15 
20 
25 
35 

29 - 32 ....................... 
55 - 57 
55 - 56.5 
59 - 60.5 
60 - 61.5 
60 - 61.5 
65 - 67 
65 - 67 
65 - 65.5 
65 - 65.5 
70 - 72 
70 -71.5 ....................... 
75 - 77 
75 - 76 .5 
77 - 78 
80 - 82 
81 - 82 
85 - 87 
85 - 87 
90 - 92 
95 - 97 

95.5 - 97 
10 
20 
30 

3 1 - 33 
40 
50 

Eleva tion 
(feet above 
mean sea Collection 

level) Date Cobalt-60 

390.6 9/ 1/94 0.21 
385.6 9/1/94 1.29 .......................... ..................... .................. 
380.6 9/1/94 0.39 
375.6 911/94 0.22 
370.6 9/1/94 0.1 9 
360.6 9/1/94 ND 

428 - 425 1130195 ND .......................... ............. ........ .................. 
402 - 400 2/1/95 ND 
402 - 400.5 2/1/95 ND 
398 - 396.5 2/2/95 0.15 
397 - 395 .5 2/2/95 ND 
397 - 395 .5 2/2/95 NR 
392 - 390 2/6/95 0.62 
392 - 390 2/3195 ND 
392 - 391.5 213195 NR 
392 - 391.5 213/95 NR 
387 - 385 2/7/95 1.20 

.. ,387,. -. 385 .5, 2/7/95 NR .. ................... .... .............. 
382 - 380 2/8/95 0.07 
382 - 380.5 218195 NR 
380 - 379 2/9/95 0.07 
377 - 375 219195 0.11 
376 - 375 219195 NR 
372 - 370 2/22/95 ND 
372 - 370 2/22/95 NR 
367 - 365 2/23195 ND 
362 - 360 3/2/95 ND 

361.5 - 360 3/2/95 ND 
450 .3 2/ 16/95 ND 
440.3 2/17195 ND 
430.3 2/21/95 ND 

429 .3 - 427 .3 2/2 1/95 ND 
420 .3 2123/95 ND 
4 10.3 2124195 ND 

,-J 
~ 
r:::r -Concent ra tion (pCi/g) ~ 

Original Da ta Decayed tu April 1, 19% U l 
I .... (.;J 

Plutonium- Plutonium-
Cesiwn-137 Strontium-90 239/240 Cobalt-GO Cesiwn-137 Strontiwn-90 239/240 

ND 1.26 ND 0. 17 1.21 
ND 37.80 ND 1.05 36.40 ...................... ............. ............ ........................ . ................. ...................... ......................... ...................... 

:r 
~ 0 
""d .., 
c= -· CJCI 
8 -· = "O ~ 

ND 2.76 ND 0.32 2.<i6 
ND 14.00 ND 0.18 13.48 
ND 10.50 ND 0.15 10. 11 

I -~ ~ = = 9-' c.. 
ND 1.22 ND 1.17 
ND ND NR ...................... .. ........ ............... .............. .......... .................. ...................... ......................... ...................... 
ND NR ND 
ND 0.56 ND 0. 54 
0.02 2.26 NR 0.13 0.02 2.20 
ND NR ND 

,-J t::; .., ~ 
~ I") 
~ ~ 
.... '-< 
~~ .,. ~ c.. 
=(") 
rJJ 0 

NR 2.54 NR 2.47 
0.02 153 NR 0.53 0.02 149 
ND NR ND 
NR 120 NR 117 
NR 11 9 NR ll <i 
ND NR ND 1.03 

........ NR ........ 80.32 ......... NR .. ....... 78.16 . ........................ .. ... ......... .... ...................... .... ..................... ...................... 
ND NR NR 0.0<i 
NR 3. 19 ND 3. 11 
ND 0.98 NR 0.06 0.95 
ND NR ND 0.09 

~ = d = I") 

c.. ~ 0 .... = d tn .... :r .., >-t ~ ~ ~ Pl 

'.Z 
.... ::ti o· I 

~ >- '-0 
~ = 0\ .., rJJ I 

I 0 
,_. 

:,::, ..... ,_. 

~- .... 
:r 

~ ~ 
'"i 

~ t;o 
NR 0.88 NR 0.86 
ND NR ND 
NR 0.62 NR 0.61 

0 rJJ .., :,::-
~ I 

:r t::; 
0 .., - .... 

ND NR ND ~ < 
ND NR ND 
ND 0.41 ND 0.40 
ND NR ND 

~ ,-.... '"i 
'"O :,::, Pl 

00 ~ 
(1) c.. 

ND NR ND ,_. -· 0 
ND NR ND 
ND ND NR 
ND NR ND 
ND NR ND 

0 = ....., c= 
\.;J ~ ,._, -· c.. 

~ 
rJJ 

:;, 
0 

8 



V, 
I 

V, 
\.,J 

Location 

199-N-104A 

199-N-105A 

Zone 

C 

NIA 

13 

C 

Lab 

PNNL 
EAL 
EAL 

PNNL 
EAL 

PNNL ............................. 
Quanterra 

Quun terru (Dup) 
Quanterra (Dup) 

EAL 
PNNL 
PNNL 

PNNL(Dup) 
EAL 

PNNL 
EAL 

Qunntcrra 
PNNL 
EAL 
EAL 
EAL 
EAL 
EAL 
EAL 

Quantcrra 
EAL 
EAL 

PNNL 
EAL 

......... PNNL ........ 
EAL 

PNNL 
PNNL (Dup) 

Quanterra 
EAL 

PNNL 

Depth 
(fee t below 

grow1d 
surface) 

58.5 - 59.5 
60 
65 

64 - 65 
68 - 70 
69 - 70 ....................... 

73 .5 - 76 
73.5 - 76 
73.5 - 76 

75 
74 - 75 

79.5 - 80.5 
79.5 - 80.5 

80 
84 - 84 .5 

85 
89 - 91 

89.5 - 90.5 
90 
10 
15 
20 
25 
30 

34 - 36 
35 
40 
40 
45 
45 ········ ·········"·''' 50 

51 - 52 
51 - 52 
51 - 53 

55 
54 .5 - 55 .5 

Elevation 
(fee t above 
mean sea Collection 

level) Da te 

401.8 - 400.8 2/24/95 
400 2/27/95 
395 2/27/95 

396 - 395 2/27/95 
392 - 390 2/28/95 
39 1 - 390 2/28/95 .......................... ... .............. .... 

386.8 - 384 2/28/95 
386.8 - 384 2/28/95 
386.8 - 384 2/28/95 

385 2/28/95 
386 - 385 2/28/95 

380.8 - 379.8 3/3/95 
380 .8 - 379.8 3/3/95 

380 3/3/95 
376 - 375.8 3/8/95 

375 3/8/95 
371 - 369 3/8/95 

370.8 - 369.8 3/10/95 
370 3/10/95 
445 3/16/95 
440 3/16/95 
435 3/17/95 
430 3/20/95 
425 3/21 /95 

421 - 4 19 3/2 1/95 
420 3/21 /95 
415 3/22/95 
41 5 3/22/95 
4 10 3/22/95 
4 10 3/22/95 .......................... .. ................... 
405 3/22/95 

404 - 403 3/24/95 
404 - 403 3/24/95 
404 - 402 3/24/95 

400 3/27/95 
400 .2 - 399 .2 3/27/95 

Ori ginal Da ta 

Cobalt-60 Ces imu-137 Stro ntiwn-90 

NR NR 0.49 
ND ND NR 
0. 06 ND NR 
NR NR 0.61 
0.18 ND NR 
NR NR 1.32 .................. ...................... ....................... .. 
0.1 4 ND 1.17 
0.14 ND ND 
0.12 ND 0.97 
0.13 ND NR 
NR NR 1.01 
NR NR 0.5R 
NR NR 0.53 
0.07 ND NR 
NR NR 0.44 
ND ND NR 
0.05 ND ND 
NR NR 0.23 
ND ND NR 
ND ND 1.50 
ND ND 0.87 
ND ND 0.64 
ND ND 0.34 
ND ND 1.1 0 
ND ND ND 
ND ND 1.80 
ND ND 3.10 
NR NR 0.42 
ND ND 3.10 
NR NR 0.39 ..... .. ........... 

ND . 
. ....................... . 

0.12 14.00 
NR NR 431 
NR NR 503 
1.52 ND 709 
0.70 ND 60.00 
NR NR 136 

Concentra tion (pCi/g) 

Plutonimn-
239/240 Cobalt-GO 

NR 
ND 
ND 0.05 
NR 
ND 0.16 
NR ........................ .................. 
NR 0.1 2 
NR 0. 12 
NR 0.1 1 
ND 0.11 
NR 
NR 
NR 
ND 0.06 
NR 
ND 
NR 0.04 
NR 
ND 
ND 
ND 
ND 
ND 
ND 
NR 
ND 
ND 
NR 
ND 
NR .............. .......... . ................. 
ND 0.10 
NR 
NR 
NR 1.33 
ND 0.61 
NR 

Decayed to April 1, 1996 

Cesiwn-137 Strontiwn-90 

0.47 

0.60 

1.28 , ..................... ...... ................... 
1.14 

0.95 

0.98 
0. 56 
0. 52 

0.42 

0.23 

1.46 
0.85 
0.62 
0.33 
1.07 

1.76 
3.02 

0.41 
3.02 
0.38 ...................... ......................... 
13.66 
421 
491 
692 

58.57 
132 

Plutoniwn-
239/240 

............. .. .. ..... 

............... ... .... 

t:J 
0 

t:J tTl 

§, ~ 
I 

• ~ 
I 

,__. 



v-, 
I 

v-, 
.i:,. 

Location Zone 

199-N-105A C 

.......... 
NIA 

199-N-106A D 

......... , 
C 

.......... 
NIA 

NR = Not requested 
ND= Not detected 
Dup = Duplicate 

Lab 

PNNL 

EAL 
EAL 

PNNL ............................. 
EAL 

Quanterra 

PNNL 
PNNL (Dup) 

EAL 
PNNL 
EAL 

PNNL 
EAL 

Quanterra 

PNNL 
EAL 

PNNL 
PNNL 
EAL 
EAL 
EAL 
EAL 
EAL 
EAL ............................. 

Quanterra 
EAL 

Quanterra 
EAL ............................. 

Quanterra 
EAL 

Quanterm 
EAL 

Depth 
(feet below 

gruW1d 
surface) 

59.5 - 61.5 
60 
65 

66 - 67 ....................... 
70 

70 - 72 
71 - 72 
71 - 72 

75 
74 - 75 

80 
80 - 81 

85 
85 - 87 

85.5 - 86 .5 
90 

90.5 - 91.5 
96 - 97 

15 
25 
35 
45 
55 
65 ....................... 

73 - 75 
75 

83 - 85 
85 ....................... 

96 - 98 
103 

105 - 108 
115 

EAL= Environmental Analytical Laboratory 

Elevation 
(feet above 

mean sea 
level) 

395.2 - 393.2 
395 
390 

389 - 388 .......................... 
385 

385 - 383 
384 - 383 
384 - 383 

380 
381 - 380 

375 
375 - 374 

370 
370 - 368 

369.2 - 368.2 
365 

364 .2 - 363 .2 
359 - 358 

456 
446 
436 
426 
416 
406 .......................... 

398 - 396 
396 

388 - 386 
386 .......................... 

375 - 373 
368 

366 - 363 
356 

Original Data 

Collection 
Date Cobalt-60 Cesiwu-137 Strontiwu-90 

3/28195 NR NR 149 
3/28195 0.67 ND 43.00 
3130195 0.17 ND 50.00 

3/30/95 NR NR 90.79 ..................... .................. ...................... ......................... 
3131195 0.15 ND 24.0 

3/31195 0.15 ND 114 
3/31195 NR NR 101 
3/31/95 NR NR 112 
416195 0.10 ND 5.70 
416195 NR NR 70.24 

4112195 ND ND ND 
4112195 NR NR 11.50 
4/13195 ND ND ND 
4113195 0.05 ND 13.00 
4113195 NR NR 1.66 
4/17/95 ND ND ND 
4/17/95 NR NR 2.91 
4/18/95 NR NR 0.76 
8110/95 ND ND NR 
8111195 ND ND NR 
8/14/95 ND ND NR 
8/16/95 ND ND NR 
8/16195 ND ND NR 
8/17195 ND ND NR ..................... .................. ...................... ....................... .. 
8122/95 0.64 ND 210 
8122195 ND ND NR 
8/23/95 0.30 ND 78.80 
8/23/95 ND ND NR ..................... .................. ...................... ......................... 
8125195 0.45 0.02 118 
8/26/95 ND ND NR 
8126195 0.27 0.01 52.20 
8128195 ND ND NR 

PNNL = Pncific Northwest National Laboratory 
Zones A, D, and C ore used in tho risk assessment . 

Conccntrntion (JJCi/1!) 

Decayed to April 1, 1996 

Plutonium- Plutuniwn-
239/240 Cobalt-GO Cesiwn-137 Strnntiwu-90 239/240 

NR 146 
ND 0.59 41.97 
ND 0.15 48.81 
NR 88.64 ........................ .. ................ ...................... . ........................ ...................... 
ND 0.13 23.43 
NR 0.13 111 
NR 98.89 
NR 109 
ND 0.08 5.57 
NR 68.61 
ND 
NR 11.24 
ND 
NR 0.04 12.70 
NR 1.62 
ND 
NR 2.84 
NR 0.75 
ND 
ND 
ND 
ND 
ND 
ND .. ........ .............. .................. ...................... ......................... . ..................... 
ND 0.59 207 
ND 
ND 0.28 77.67 
ND ........................ . ................. ...................... ......................... .. ................ .... 
0.12 0.42 0.02 116 0.12 
ND 
ND 0.25 0.01 51.46 
ND 

NIA= Not applicoble. Soil samples collected below U1e current water !able were not used in QRA, but ore shown for eomplclcncss. 
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Table 5-4. Mean and 95% UCL Concentrations (pCi/g) of the Risk-Driver Radionuclides 
in Surface Sediments from the 1301-N Trench and 

the 1325-N Crib (Decayed to April 1, 1996) 

Sampling Point Cobalt-60 Cesium-137 Strontium-90 
Plutonium-

239/240 

1301-N Trench 

TS-0 I - TS-03 mean 3,085 ,658 3,832,600 133,127 35,433 
upper end of trench 95% UCL 3,127,902 4,045 ,638 135,697 36,244 

TS-04 - TS-09 mean 1,305,775 375,439 60,514 158,229 
lower end of trench 95% UCL 1,318,266 378,137 61 ,080 165,627 

TS-0 I - TS-09 mean 1,899,069 1,527,826 84,718 117,297 
entire trench length 95% UCL 1,916,725 1,598,909 85,700 122,239 

1325-N Crib 

CS-01 -CS-12 mean 368,789 37,052 48,239 24,509 
95% UCL 374,064 37,400 49,464 24,933 
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Table 5-5. Maximum Concentrations (pCi/g) of the Risk-Driver Radionuclides in 
Soil by Depth from the LFI Boreholes -- 107A, 108A, and 109A 

(Decayed to April 1, 1996) (Page I of 2) 

Depth 
Elevation 

Zone (ft above Cobalt-60 Cesium-137 Strontium-90 Plutonium-239/240 (ft bgs) 
MSL) 

199-N-107A 

A 9 - 11 45 I - 449 132,931 15,679 9,483 1,590 

A 11 - 13 449 - 447 126,282 14,986 19,543 3,340 

B 23 437 22.91 2,770 1,161 ND 

B 28 - 30 432 - 430 5.58 5.97 1,538 0.07 

B 40 420 I.IS ND 1,072 ND 

B 50 410 0.75 ND 187 ND 

C 57 - 59 403 - 401 1.24 ND 62.63 ND 

C 69 391 0.68 ND 54. 19 ND 

199-N-108A 

A 14.5-16.5 442.5 - 440.5 1,139 6,710 761 12.60 

A 18 439 3, 133 15,561 778 73 .70 

A 23 - 25 434 - 432 13.49 107 1,724 ND 

B 28 429 3.35 23 .89 193 ND 

B 32.5 424 .5 ND ND 118 ND 

B 42 - 44 415-413 0.52 ND 57.38 ND 

B 47 410 ND ND 4.29 ND 

C 52 405 ND ND 1.37 ND 

C 59.5 397.5 1.68 ND 237 ND 

C 62 - 63.5 395 - 393 .5 0.51 ND 143 ND 

C 69 388 ND ND 128 ND 

199-N-109A 

A 8 - 10 442.5 - 440.5 365 569 1,33 I 24 .10 

A 10 - 12 440.5 - 438.5 4.35 0.52 1,222 ND 

A 17 - 19 433 .5 - 431.5 2.28 0. 14 398 0.15 
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Table 5-5. Maximum Concentrations (pCi/g) of the Risk-Driver Radionuclides in 
Soil by Depth from the LFI Boreholes -- 107 A, 108A, and 109A 

(Decayed to April 1, 1996) (Page 2 of 2) 

Depth 
Elevation 

Zone (ft above 
(ft bgs) 

MSL) 

B 24 - 26 426.5 - 424 .5 

B 30 420.5 

B 39 - 41 411.5 - 409.5 

C 50 400 .5 

C 59 .5 - 61.5 391.5-389.5 

bgs = below ground surface 
MSL = Mean Sea Level 
ND= Not Detected 

Cobalt-60 Cesium-137 Strontium-90 Plutonium-239/240 

1.88 0.06 225 ND 

2.68 ND 126 ND 

0.53 ND 27.53 ND 

1.21 ND 4 .58 ND 

1.43 ND 17.99 ND 
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Table 5-6. Single Radionuclide Soil Concentrations in the Year 2010 
Corresponding to a 15 mrem/yr Dose Rate for the Rural

Residential and Recreational Scenarios 

Soil Concentrations Corresponding to a 
15 mrem/yr Dose Rate (pCi/g) 

Radionuclide 
Rural-Residential 

Recreational Scenario 
Scenario 

Cobalt-60 10 323 

Cesium-137 9 338 

Strontium-90 4 35,640 

Plutonium-239/240 21 990 
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Table 5-7. Comparison of the 95% UCL Concentrations (pCi/g) of the Risk-Driver 
Radionuclides in Surface Sediments from the 1301-N Trench and the 1325-N Crib 

with Single Radionuclide Soil Concentrations (pCi/g) in the Year 2010 
Corresponding to a 15 mrem/yr Dose Rate 

Soil Concentrations (pCi/g) Corresponding 95% UCL Concentrations (pCi/g) in 
to a 15 mrem/yr Dose Rate Surface Sediments 

Radionuclide 
Rural-Residential Recreational 

1301-N trench 1325-N crib 
Scenario Scenario 

Cobalt-60 IO 323 1,916,725 374,064 

Cesiurn-137 9 338 1,598,909 37,400 

Strontiurn-90 4 35,640 85,700 49,464 

Plutonium-239/240 21 990 122,239 24,933 
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Table 5-8. Comparison of the Maximum Concentrations (pCi/g) of the Risk-Driver 
Radionuclides in Shallow Subsurface Soils (Zone A) from the LFI Boreholes with 

Single Radionuclide Soil Concentrations (pCi/g) in the Year 2010 
Corresponding to a 15 mrem/yr Dose Rate 

Soil Concentrations (pCi/g) 
Maximum Concentrations (pCi/g) in Shallow Subsurface 

Corresponding to a 15 
Soils (Zone A) from the LFI Boreholes 

mrem/yr Dose Rate 
Radionuclide 

Rural-
Recreational 

Residential 
Scenario 

107A 108A 109A 
Scenario 

Cobalt-60 10 323 132,931 3,133 365 

Cesium-137 9 338 15,679 15,561 569 

Strontium-90 4 35 ,640 19,543 1,724 1,331 

Plutonium-239/240 21 990 3,340 73 .70 24. 10 
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Table 5-9. Comparison of the Maximum Concentrations (mg/kg) of Metals in Soil 
from the LFI Boreholes with Hanford Background Values (mg/kg), Practical 

Quantitation Limits (mg/kg), and MTCA Cleanup Levels (mg/kg) 

Maximum Hanford Practical 
MTCA B Cleanup 

Metal Concentration Background Value Quantitation Limit 
(mg/kg) (mg/kg)• (mg/kg? 

Level (mg/kg)° 

Cadmium 0.73 NAd 0.5 80 

Chromium (VI) 57.7 18.Y I 400 

Lead 21.9 10.2 0.3 25or 

Nickel 16.7 19.1 4 1600 

•Background concentrations are 90% percentile values of the lognormal distribution of the Hanford Site
Wide soil data, as required by MTCA. Source: Hanford Site Background: Part I, Soil Background for 
Nonradioactive Analytes, DOE/RL-92-94. Rev. 3, 1995. 

bSource: Contract-Required Quantitation Limits/Contract-Required Detection Limits (CRQL/CRDL) 
specified in I 00 Area Quality Assurance Project Plans (QAPPs). 

<Model Toxics Control Act Cleanup Levels and Risk Calculations (CLARC II ) Update, February 1996. 
Publication #94- 145, Washington State Department of Ecology. 

dNA - not applicable, contaminant not statistically evaluated in soi l background because most values are 
below the detection limit of 0.66 mg/kg. Maximum background value is I I mg/kg. 

<Measured as total chromium in the Hanford Site background study. 
gMTCA Method B value not available for lead. MTCA Method A value of250 mg/kg is used as the 

cleanup level for lead. 
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Table 5-10. Distribution Coefficients, Retardation Factors, 
and Half-Lives for the Risk-Driver Radionuclides 

Retardation Factor 

Radionuclide 
Distribution Unsaturated Soil with 
Coefficient Saturated Soil with 

10% Volumetric Water 
30% Porosity 

Content 

Cobalt-60 50 333 .3 1,000 

Cesium-137 50 333 .3 1,000 

Strontium-90 15 100 300 

Plutonium-239/240 200 1,333 4,000 
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Table 5-11. Travel Times to the 1995 Water Table with a Recharge Rate of 2 cm/yr 

Trave l Times (years) to the 1995 Water Table (385-388 ft) 

1996 High Water Table (393 ft) Old Groundwater mound (4 10 ft) Bottom of 130 1-N 
Bottom of 1325-N 

( ft) 

N-l07A N-l08A N-l09A N-107A N-l 08A N-109A N-107A N-l08A N-l 09A 

Water 10 10 7 38 57 26 11 8 108 54 

Cobalt-60 12000 13000 8500 37000 37000 34900 97400 81000 84900 

Cesium- 137 12000 13000 8500 37000 37000 34900 97400 81000 84900 

Strontium-90 3600 3900 2600 11 JOO I 1000 10500 293 00 24400 25500 

Plutonium-239/240 48000 51500 34000 149000 148000 140000 389000 323500 339500 
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Table 5-12. Comparison of Times of Decay to the Detection Limit (1 pCi/g) with Travel 
Times to the Water Table for Maximum Concentrations of the Risk-Driver Radionuclides 

Time of 
Travel Time 

Elevation Decayed Decay to 
Location Zone 

Depth 
(ft above Radionuclide Concentration Detection 

to the 1995 
(ft bgs) 

MSL) (pCi/g) Limit 
Water Table 

(years) 
(years) 

1301-N trench Sediment 18 439 Cobalt-60 3,127,902 I 14 81 ,000 

1301-N trench Sediment 18 439 Cesium-137 4,045,638 663 81,000 

1301-N trench Sediment 18 439 Strontium-90 135,697 498 24,400 

1301-N trench Sediment I 8 439 Plutonium-239 165,627 418 ,462 323 ,500 

Plutonium-240 165,627 I 13,915 323,500 

199-N-107A A 9 - I I 451 - 449 Cobalt-60 132,93 I 90 97,357 

199-N-107A A 9 - 11 45 I - 449 Cesium-137 15 ,679 421 97,357 

I 99-N-107A A 11 - 13 449 - 447 Strontium-90 19,543 416 28,35 1 

199-N-107A A 11 - I 3 449 - 447 Plutonium-239 3,340 282,529 376,574 

Plutonium-240 3,340 76,911 376,574 

199-N-107A B 23 437 Cobalt-60 22 .91 24 15,361 

199-N-107A B ? ~ 
_.) 437 Cesium-137 2,770 345 15,361 

199-N-107A B ?~ _.) 437 Strontium-90 1,161 297 23,107 

199-N-107A B 40 420 Strontium-90 1,072 294 15,670 

199-N-107A B 28 - 30 432 - 430 Plutonium-239 ND NA NA 

Plutonium-240 ND NA NA 

199-N-l 08A C 59.5 397.5 Cobalt-60 1.68 4 14,683 

NA C NA NA Cesium-137 ND NA NA 

199-N- 108A C 59.5 397.5 Strontium-90 237 230 5,916 

199-N-108A C 69 388 Strontium-90 128 204 1,594 

NA C NA NA Plutonium-239 ND NA NA 

Plutonium-240 ND NA NA 
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Table 5-13. Input Parameters Used in the Summer's Model 
to Evaluate Chromium Impact to Groundwater 

Maximum Measured Concentration of Chromium (mg/kg) 57.7 

Allowable Concentration in Groundwater (MCL) (ug/L) 50 

Recharge Rate (m/yr) 0.02 

Darcy Velocity (m/yr) 27.8 

Mixing Zone Thickness (m) 4.6 

Volumetric Moisture Content 0. 1 

Dry Soil Density (g/mL) 2.0 

Horizontal Area of Contamination (m2
) 4856 

Width of the Mixing Zone (m) 315 and 105 

Distribution Coefficients (mL/g) 0, I, 2, and 6 
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Table 5-14. Estimated Concentrations (ug/L) of 
Chromium in Groundwater Using Different Mixing 

Zone Widths and Distribution Coefficients 

Mixing Zone Distribution Estimated Concentration 
Width (m) Coefficient (mL/g) (ug/L) 

315 0 2,780 

I 139 

2 69.4 

6 23.1 

105 0 8,290 

I 414 

2 207 

6 69.1 
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6.0 CONCLUSIONS 

The purpose of this LFI was to provide supplementary and confirmatory information regarding 
the nature, distribution, and potential transport of several priority radionuclide and metal 
contaminants associated with disposal of co'ntaminated effluent to 1301-N and 1325-N. The data 
evaluation in this LFI report is focused primarily on providing the necessary information to the 
Tri Parties so they can address the following two objectives: 

1. Determine if immediate action on soil at 1301-N and/or 1325-N is required to protect 
groundwater. 

2. Determine if, for the long-term, soil remediation is required to protect groundwater from 
a future potential risk, and, if so, when remediation should be performed. 

6.1 SUMMARY OF RESULTS 

Performing the LFI at 1301-N and 1325-N and evaluating the data have added to the knowledge 
of the facilities' subsurface conditions. The following points, made in this LFI report, should be 
considered when addressing the objectives: 

• The contaminant distribution of key radionuclides predicted in previously developed 
conceptual models was confirmed. 

The following radionuclides were detected at levels of concern: Co-60, Cs-13 7, Sr-90, 
and Pu-239/240. 

The following metals were detected above background: chromium and lead. 

• The driving force of contaminant migration is natural recharge. 

• The soil contamination in the concentrated layer and in shallow subsurface soil poses a 
high risk to human health from potential direct exposure. 

• The concentrations of Co-60, Cs-137, and Sr-90 in the soil column will decay to less than 
detectable levels before they reach groundwater; therefore, they do not pose an impact to 
groundwater. 
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The concentrations of Pu-239/240 will not decay to undetectable levels before they reach 
groundwater because of their long half-lives. 

• The concentrations of chromium detected in the concentrated layer at 1301-N may have a 
future impact on the groundwater because the estimated concentration in a worst-case 
scenario is above the MCL. 

• The infrequent increase in the groundwater table, because of high Columbia River levels, 
that results in resaturation of soil may cause temporary increases in concentrations of 
Sr-90 in groundwater. 

6.2 OTHER CONSIDERATIONS 

When addressing the objectives, the following considerations on access control and other project 
activities should also be taken: 

Under current conditions, access to 1301-N and 1325-N is prohibited by institutional controls. 
Both facilities are completely fenced and locked, and access is administratively controlled. A 
1.5 m (5 ft) thick layer oflarge boulders and smaller rocks at the 1301-N crib and concrete panels 
at the 1301-N trench, the 1325-N crib, and the 1325-N trench minimize wildlife intrusion. 

Additionally, the infrequent groundwater table fluctuations which may result in a temporary 
increase of Sr-90 concentrations will be addressed in the 1 00-NR-1/2 CMS to be submitted to 
Ecology in September 1996 in support ofTPA Milestone M-15-12C. Furthermore, the pump
and-treat facility at 100 N is extracting groundwater to remove Sr-90, thereby mitigating the 
short-term Sr-90 concerns. 

6.3 CONCLUSION 

The information collected for this LFI confirms the conclusion from the 1992 100-NR-1 LFI that 
1301-N and 1325-N should remain on the IRM pathway. The results and conclusions of this LFI 
will be used to prepare the closure plan and CMS for 1301-N and 1325-N to be submitted to 
Ecology in March 1997 in support of TP A Milestone M-15- l 2B. Then, based on the 
requirements in the closure plan, the RCRA permits for 1301-N and 1325-N will be modified. 
After permit modification, corrective measures identified in the closure plan and permit 
modification will be implemented. 
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APPENDIX A 

1301-N and 1325-N ANALYTICAL DATA 
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This appendix presents the following analytical data for 1301-N and 1325-N. This appendix 
does not include any decay adjusted data. 

• 1301-N Sediment Data 
• 1325-N Sediment Data 
• 1301-N Dose Rate Survey 

1325-N Dose Rate Survey 
Water Samples From Within 1301-N and 1325-N 
Inventory Data 

• 1 00N Soil Borings 
1 00N Surface Soil Samples 
Special Gamma Logs for 1 00N Wells 
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Figure Al-1. Sediment Sampling Locations for 1301-N and 1325-N 
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Figure Al-3. Grid Network of Radiation Survey Locations 
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Table A2-1. Radionuclides Concentrations Detected in 1301-N Trench Sediment from 
1980 to 1985 from Locations TS-01 to TS-09 (Page 1 of 2) 

Location: TS-01 TS-02 TS-03 TS-04 TS-05 TS-06 TS-07 TS-08 TS-09 

Units: oCi/2 oCi/g oCi/2 oCi/2 oCi/2 oCi/g oCi/g oCi/2 oCi/2 

Collection Date: 1980 

Gross alpha NA NA NA NA NA NA NA NA NA 

Gross beta NA NA NA NA NA NA NA NA NA 

Cerium-144 11.000,000 4,100,000 1,100,000 800,000 510,000 860,000 410.000 ND 330,000 

Ccsium-134 NA NA NA NA 41.000 NA NA NA NA 

Cesium-137 270,000 210,000 120.000 220,000 260,000 210,000 240,000 630,000 350,000 

Cobalt-58 250,000 NA NA NA NA NA NA NA 

Cobalt-60 13,000,000 8,800,000 8,400,000 5,100,000 3,100,000 5,600,000 1.700,000 7,600,000 4,300,000 

Europium-154 NA NA NA NA NA NA NA NA NA 

Iron-59 NA 330,000 NA NA NA NA NA NA NA 

Manganese-54 4,400,000 2,800,000 1.400,000 1.000,000 610,000 1.100,000 350,000 430,000 700,000 
Niobium-95 3,600,000 1,500,000 220 ,000 260,000 140,000 270 ,000 92,000 ND 120,000 

Plutonium-238 NA NA NA NA NA NA NA NA NA 

Plutonium-239/240 NA NA NA NA NA NA NA NA NA 

Ruthenium- I 03 NA 110,000 NA NA NA NA NA NA NA 

Ruthenium-I 06 2,700,000 870,000 NA NA NA NA NA NA NA 
Strontium-90 NA NA NA NA NA NA NA NA NA 
Zirconium-95 1,980,000 790,000 NA NA NA NA NA NA NA 

Collection Date: 1981 

Gross alpha NA NA NA NA NA NA NA NA NA 

Gross beta NA NA NA NA NA NA NA NA NA 
Cerium-144 2,700 ,000 1,100,000 NR 1.200,000 440,000 770,000 840,000 790,000 110,000 

Ccsium-134 NA NA NA NA NA NA NA NA NA 
Cesium-137 190,000 190,000 530,000 330,000 490,000 570,000 530,000 440,000 780,000 

Cobalt-58 NA NA NA NA NA NA NA NA NA 

Cobalt-60 6,600,000 6,300,000 19,000,000 6,000,000 4,400,000 17,000,000 8,900,000 5,400,000 8,300,000 

Europium-154 NA NA NA NA NA NA NA NA NA 
Iron-59 NA NA NA NA NA NA NA NA NA 
Man,:anese-54 1,300,000 1,100,000 1. 700,000 980 ,000 390,000 1,300,000 900,000 750,000 990,000 

Niobium-95 140,000 90,000 NA NA NA NA NA NA NA 

Plutoniwn-238 5,500 1,500 6.200 1,800 780 4,900 6,300 1.200 4,000 

Plutonium-239/240 26,000 9,200 25,000 12,000 5,500 25,000 30.000 6,600 20,000 

Ruthenium- I 03 NA NA NA NA NA NA NA NA NA 
Ruthenium-I 06 750,000 NA NA NA NA NA NA NA NA 
Strontium-90 170,000 770,000 110,000 36,000 21,000 96,000 110,000 25,000 45,000 
Zirconium-95 NA NA NA NA NA NA NA NA NA 

Collection Date: 1982 

Gross aloha NA NA NA NA NA NA NA NA NA 
Gross beta NA NA NA NA NA NA NA NA NA 

Cerium-144 NA 2,100,000 NA NA NA NA NA NA 1,300.000 

Cesiwn-134 NA NA NA NA NA NA NA NA NA 

Cesiurn-137 940 ,000 490,000 940,000 530,000 540,000 500,000 1,000,000 460,000 560,000 

Cobalt-58 NA NA NA NA NA NA NA NA NA 

Cobalt-60 21 ,000,000 27,000,000 34,000,000 6,400,000 6,600,000 15,000,000 14,000,000 4,500,000 4,300,000 

Europiwn-154 NA NA NA NA NA NA NA NA NA 
Iron-59 NA NA NA NA NA NA NA NA NA 

Maruzanese-54 710,000 1,900,000 860,000 460,000 460,000 470,000 490,000 270,000 ND 
Niobium-95 NA NA NA NA NA NA NA NA NA 
Plutonium-238 5,500 14,000 29,000 510,000 120,000 9,300 3,800 9,500 1,100 

Plutonium-239/240 28,000 63,000 170,000 2,800,000 660,000 44,000 17,000 16,000 13,000 

Ruthenium-I 03 NA NA NA NA NA NA NA NA NA 
Ruthenium-I 06 NA NA NA NA NA NA NA NA NA 
Strontiurn-90 110,000 250,000 320,000 150,000 110,000 230,000 83,000 70,000 150,000 
Zirconium-95 NA NA NA NA NA NA NA NA NA 
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Table A2-1. Radionuclides Concentrations Detected in 1301-N Trench Sediment from 
1980 to 1985 from Locations TS-01 to TS-09 (Page 2 of 2) 

Location: TS-0 1 TS-02 TS-03 
Units: oCi/g pCi/1t pCi/1! 

Collection Date : 

Gross aloha NA NA NA 
Gross bet.1 NA NA NA 
Cerium- 144 NA NA NA 
Cesium-134 ND ND ND 
Cesiwn- 137 83,000 .000 550.000 580,000 
Cobalt-58 NA NA NA 
Cobalt-60 22,000,000 16,000,000 25,000.000 
Eurooiwn-1 54 130.000 ND ND 
lron-59 NA NA NA 
IMaru!anese-54 610.000 410,000 620.000 
Niobiwn-95 NA NA NA 
Plutoniwn-238 2,400 3.000 I.BOO 
Plutoniwn-239/240 12,000 1.3,000 10.000 
Rutheniwn-103 NA NA NA 
Rutheniwn-1 06 NA NA NA 
Strontium-90 46.000 46,000 29.000 
Zirconiwn-95 NA NA NA 

Collection Date: 

Gross aloha NA NA NA 
Gross beu NA NA NA 
Cerium- 144 NA NA NA 
Cesiwn-134 NA NA NA 
Cesium-137 3 . 100.000 960 .000 820.000 
Cobalt-58 NA NA NA 
Cobalt-60 53,000.000 22,000,000 32.000.000 

Eurooiwn-154 NA NA NA 

lron-59 NA NA NA 

Man<!anese-54 790,000 u 470.00 0 520.000 

Niobiwn-95 NA . NA NA 
Plutonium-238 NA NA NA 

Plutonium-239/240 NA NA NA 

Ruthenium- I 03 NA NA NA 

Ruthenium- I 06 NA NA NA 

Strontium-90 NA NA NA 
Zirconium-95 NA NA NA 

Collection Date: 

Gross aloha 35 ,000 28,000 52,000 

Gross beu 1.900,000 19.000,000 1.3.000.000 

Cerium-1 44 87,000 u 67,000 u 84.000 

Cesiwn- 134 NA NA NA 

Cesiwn- 137 29,000 26,000 37,000 

Cobalt-58 NA NA NA 

Cobalt-oO 1,300,000 1.100 ,000 I.600 .000 
Europium- I 54 NA NA N A 

lron-59 NA NA NA 

Man<!anese-54 54,000 17.000 23.000 

Niobiwn-95 NA NA NA 

Plutoniwn-238 4,600 2,90 0 5.100 

Plutonium-239/240 26,000 16.000 27,000 

Ruthenium- I 03 NA NA NA 

Ruthenium- I 06 NA NA NA 

Strontiwn-90 93.000 77 .000 2 10.000 
Zirconium-95 NA NA NA 

U : Concentration was w,de tected at specified detection levd . 
NA: Not analyzed 

ND : Not detected; no detection limit given 
NR : Not reported 

Trench sediment samples collected by attaching a j ar to a pole and 
using this device as a scoop . The top six inches of trench sediments 
were sampled through standing water. 

TS-04 · 

pCi/11 

NA 

NA 

380.000 

ND 

380,000 

NA 

8.000,000 

54,00 0 

NA 

940.000 

120.000 

1.500 

7,500 

NA 

NA 
26.000 

NA 

NA 

NA 

NA 

NA 

750.000 

NA 

16.000.000 

NA 

NA 

1.300.000 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

38.000 

6.500,000 

u 85.000 

NA 

28,000 

NA 

1.200.000 

NA 

NA 

u 100.000 

NA 

4.000 

23,000 

NA 

NA 

110,000 

NA 

A2-4 

TS-05 TS-06 T S-07 TS-08 TS-09 
pCi/J>; pCi/11 oCi/g 0Ci/1t pCi/1t 

1983 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

28.000 ND 37,000 28,000 NA 

720.000 950,000 800,000 400,000 390 ,000 

NA NA NA NA NA 

5.200.000 16.000.000 6.000,000 4,000 ,000 4.000.000 

80.000 170.00 0 ND ND ND 
NA NA NA NA NA 

130.000 300.000 140.000 170.000 220.000 

NA NA NA NA NA 

560 2.00 0 1,100 830 920 

3.000 9,800 6,200 4,600 4,300 

NA NA NA NA NA 

NA NA NA NA NA 
1..3,000 46,000 27.000 lJ .000 8,700 

NA NA NA NA NA 

1984 

NA NA NA NA NA 

NA NA NA NA NA 

N A NA 870,000 NA NA 

NA NA NA NA NA 

1.300,000 750.000 980,000 730.000 1.300.000 

NA NA NA NA NA 

8.300.000 23 .000.000 16,000.000 16,000.000 15,000 ,000 

150,000 NA NA NA NA 

NA NA NA NA NA 

190.000 u 350.000 3.200.000 750,000 1.100,000 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA N A NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

1985 

34.000 42.000 19.000 18,000 28.000 

5,000 ,000 10.000.000 6.000,000 2,800.000 2.300,000 

u 69.000 u 79,000 u 50.000 11.000 u 63,000 

NA NA NA NA NA 

55.000 68,000 56,000 22,000 25.000 

NA NA NA NA NA 

950.000 1.100 ,000 1,300,000 260,000 640,00 0 

NA NA NA NA NA 

NA NA NA NA NA 

56,000 18,000 u 150,00 0 28,000 40,000 

NA NA NA NA NA 

J.900 4.200 2.300 1.800 J ,40 0 

2 1,000 24.000 14.000 11,000 20,000 

NA NA NA NA NA 

NA NA NA NA NA 

190,000 120,000 120,0 00 70,000 110,000 

NA NA NA NA NA 

References: 
UNI-1581: Radiological Surveillance Report for the 100-N Area-FY 1980 
UNI- 1849: UNC EnwoM1cnul Surveillance Report for 100 Areas-FY 1981 
UNI-2226: UNC Enwonmenul Survcllance Report for 100 Areas-FY 1982 
UNI-2640: UNC Environmcnul Surveillance Report for 100 Areas-FY 1983 
UNI-3069: UNC Environmenul Surveillance Report for 100 Areas-FY 1984 
UNI-3760 : UNC EnviroM1enul Surveillance Report for 100 Areas-FY 1985 

u 
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Table A2-2. Ranges in Percentage of Radionuclides Associated with Different Fractions 
of Soil Phases from 1301-N 

:.:, s= M 
(j Ci Ci C C ~ ~ ~ ~ - ~ Ci '"! 

:l. ~- ~- =- ::s 0 0 0 
~ l1Q C" 't:I C" 

Form C C C 2. ~ 
~ =· -· 3 3 3 C ::s C 

~ - 3 3 I I I 3 "' 
I - - - ~ O'\ I I 

-"'- vJ vJ I 0 - \0 - I 

-"'- -"'- --.l 0 UI UI Ul 
O'\ -"'- Ul 

Readily Ion 
Exchangeable 0.1-1 10-20 10-20 ~l ~l ~l ~l <1 

Soluble Organics 1-5 5-8 3-7 15-30 <l <l <10 10-20 

Hydrous Oxide 60-80 10-20 10-20 15-30 30-80 20-70 70-90 40-70 

Peroxide Soluble 1-10 10-20 10-20 40 1-5 <l <10 30-50 

Strong Acid Soluble 10-30 40-70 40-70 30-60 20-70 30-80 ~30 10-30 

Refractory <1-1 3-4 3-4 <1-1 7-20 3-15 8-30 10-30 

Reference: Influence of the Physicochemical Forms of Radionuclides During Migration in 
Groundwaters Annual Progress Report for 1981, p. 31 

A2-5 

> ::s 
::-. 
3 
0 
::s 
'< 

I -N 
Ul 

<10 

10-20 

40-70 

25-75 

40-70 

40-60 
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Table A2-3. Turbidity Measurements, 1301-N 

Sample 
No. 

I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 I 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

Water collected from 1301 -N weir box. 
NTU = nephelometric turbidity unit 

Time 
(a.m.) 
10:0 1 
10:0 1 
10:02 
10:05 
10:05 
10:10 
10:10 
10:1 5 
10:15 
10:20 
JQ·?Q 
10:25 
10:25 
10:30 
10:30 
10:35 
10:35 
10:40 
10:40 
10:45 
10:45 
10:50 
10:50 
10:55 
10:55 
11:00 
I 1:00 
9:35 
9:35 
9:40 
9:40 
9:45 
9:45 
9:50 
9:50 
9:55 
9:55 
10:00 
10:00 
10:05 
10:05 
10: 10 
10:10 
10: 15 
10: 15 
10:20 
10:20 
10:25 
10:25 
10:30 
10:30 
10:35 
10:35 

130 1-N (Horse Trough) 
I 0/5/84 

Unfiltered 
(NTU) 

0.39 
0.49 
0.39 
0.40 
0.36 
0.37 
0.40 
0.42 
0.54 
0.4 1 
0.47 
0.40 
0.40 
0.42 
0.46 
0.32 
0.36 
0.33 
0.32 
0.36 
0.35 
0.38 
0.37 
0.37 
0.36 
0.37 
0.42 
0.50 
0.49 
0.50 
0.66 
0.63 
0.67 
0.49 
0.66 
0.5 1 
0.59 
0.59 
0.59 
0.62 
0.64 
0.54 
0.50 
0.52 
0.65 
0.67 
0.63 
0.70 
0.63 
0.74 
0.71 
0.60 
0.61 

Reference: UNl-2999 = Engi neering Study Liquid Effl uent Di sposal Faci lity, Prqiect H-672. 
Jan. 15, 1985, p. 1-36, 37 & 38 

A2-6 

Filtered 
(NTU) 

0. 15 

0. 15 

0. 15 

0.15 

0. 15 

0. 15 

0.1 5 

0. 15 
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1325-N SEDIMENT DATA 
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• l,J 
I 

l,J 

Location: CS-0 1 CS-02 CS-03 
Units : pCi/g pCi/g oCi/g 

Collection Date: 

Gross alpha 18,000 7 000 18 000 

Gross beta 2 300 000 3,100 000 1 600 000 

Cerium-144 120 000 64 000 94 000 

Ces ium-137 41 000 49 000 49 000 

Cobalt-60 1 300 000 660 000 1 100 000 

Manganese-54 270 000 190 000 280 000 

Plutonium-238 2 ODD 740 2 000 

Plutonium-239/240 12 000 5 000 lJ 000 
Strontium-90 88,000 26,000 89,000 

Collection Date: 

Gross aloha NR NR NA 

Gross beta NR NR NA 

Cerium-144 770 000 34 000 86 000 

Cesium-137 180 000 62 000 88 000 

Cobalt-60 9 100 000 520 000 2 300 000 

Mangnncse-54 1 600 000 140 000 380 000 

Plutonium-2 38 NA NA NA 

Plutonium-239/240 NA NA NA 
Strontium-90 9,100 J,900 5 000 

Collection Date: 

Gross alpha NA NA NA 

Gross beta NA NA NA 

Cerium-144 60 000 U 91 000 U 35,000 U 

Ces ium-137 32 000 17 000 U 18 000 

Cobnlt-60 820 000 I 400 000 630 000 

Manganese-54 130 000 200 000 97 000 

Plutonium-238 1 100 6 700 2S0 

Plutonium-239/240 5 200 49 000 1 600 
Strontium-90 14,000 40 000 5,900 

U = Concentration wus undetected at specified detection level 
N R = Not reported 

CS-04 CS -05 CS-06 CS-07 CS-08 CS-09 CS-IO 

oCi/g oCi/g oCi/g pCi/g pCi/g pCi/g pCi/g 

1985 

6 000 4 700 NR 44 000 26 000 18 000 12 000 

830 000 400 000 NR 15 000 000 2 400,000 2,200,000 1 100 000 

41 000 5 800 NR 100 000 U 100 000 15 000 67 000 

JS 000 13 000 NR 11,000 29 000 S 000 56 000 

600 000 180 000 NR 1,600 000 1 700 000 140 000 520 000 

160 000 52 000 NR 260 000 360 000 32 000 150 000 

660 460 NR 5 DOD 8 600 1 800 350 

4300 2 800 NR 30,000 56 000 12 000 2 300 
27,000 15 000 NR 200,000 100,000 17,000 13,000 

1986 

NA NA NR NR NA NA NR 

NA NA NR NR NA NA NR 

130 000 S5 ODD NR Nil 120 000 130 000 NR 

85 ODO 92 000 NR NR 66 000 80 000 NR 

2 500 000 620 ODO NR NR 1,700 000 2 800 000 NR 

480 000 170 000 NR NR 31 D DOD 510 000 NR 

NA NA NR NR NA NA NR 

NA NA NR NR NA NA NR 
5,000 3,400 NR NR NR 9,200 NR 

1987 

NA NA NR NA NA NA NA 

NA NA NR NA NA NA NA 

53 000 U 58 000 U NR 98 000 U 8 1,000 U 46 000 u 16 000 u 
29 000 30 000 NR 48 000 15 000 17 000 21 000 

630 000 680 000 NR I 300 000 1100000 820 000 140 000 

96 000 100 000 NR 270 000 120 000 120 000 31,000 

I 400 1 300 NR 17 000 21 000 1 300 2 300 

9 900 8 500 NR 98 000 120 000 8 300 1 400 

4,300 10 ,000 NR 630,000 270,000 10,000 14,000 

References: UNl-3 760 = UNC Environmental Survei llance Report for the I 00 Areas - FY 1985 
UN l-4065 = UNC Environmental Survei llance Report for thc l 00 Areas • FY 1986 

CS-I I CS-1 2 
pCi/g pCi/g 

9 700 6 100 

1 500 000 620 000 

76 000 40 000 

48 000 71 000 

800 000 SRO 000 

240 000 170,000 

I 100 530 

6 900 34 000 
12,000 5,800 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 
NR NR 

NA NA 

NA NA 

73 ,000 U 83,000 U 

13 000 13 000 

840 000 1 200,000 

130 000 140 000 

3 100 6 000 

20 000 39 000 
29,000 35,000 

NA= Not analyzed WHC-EP-016 1 = Westinghouse Hunford Co. Environmenta l Surveillance Annual Report-100 Arens-FY 1987 

Samples of surface sediment were collect eel from the bottom of the 1325-N Crib. Approximately IO grams of sediment per sa mple were 
collected through the sample port loca ted in the cover of the facility. The samples were collected during opera tions through standing water. 
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Table A3-2. Semivolatile Organics Results for 1325-N - Sediment (Page 1 of 2) 

Sample ID: A B C D E F 
89-0073 89-0074 89-0075 89-0076 89-0077-R 89-0078 

Units: m!!/Kg m!!/Ke moJKg m!!/Kg m!!/l(g m!!/l(g 

Phenol 0.33 U 0.33 U 0.33 U 0.33 U 0.48 0.33 U 
bisl2-ChloroerhvJ) Ether 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
2-Chlorophenol 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
1.3-Dichlorobenzene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
1.4-Dichl orobenzene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Benzvl alchohl 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
1.2-Dichlorbenzene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
2-Methylphenol 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
bis(2-<:hloroisopropyl) ether 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
4-Methylphenol 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
N-Nitroso-Di-n-propvlamine 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Hexachloroethane 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
N itrobenzene 0.33 U 0.33 U 0.33 U 0.33 U 0.034 J 0.33 U 
lsophorone 0.33 U 0.33 U 0.33 U 0.33 U 0.091 J 0.33 U 
2-Nirrophenol 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
2.4-Dirnethylphenol 0.33 U 0.33 U 0.33 U 0.33 U 0.058 J 0.33 U 
Benzoic acid 1.7 u 1.7 u 1.6 U 1.6 U 1.6 U 1.6 U 
bisl2-Chloroethoxv)methane 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
2.4-Dichloropheno l 0.33 U 0.33 U 0.33 U 0.33 U 0.078 J 0.33 U 
1.2.4-Trichlorobenzcne 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Naohthalene 0.33 U 0.33 U 0.33 U 0.33 U 0.042 J 0.33 U 
4-Chloroaniline 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Hexachlorobutadiene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
4-Chloro-3-methyl phenol 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
2-Methylnaphthalene 0.33 U 0.33 U 0.33 U 0.33 U 0.022 J 0.33 U 
Hexachl orocvclooentadiene 0.33 U 0.33 U 0.33 U ' 0.33 U 0.32 U 0.33 U 
2.4.6-Trichloroohenol 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
2.4.5-T richloroohenol 1.7 u 1.7 u 1.6 U 1.6 U 1.6 U 1.6 U 
2-Chloronaohthalene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
2-Nitroaniline 1.7 u 1.7 U 1.6 U 1.6 U 1.6 U 1.6 U 
Dimethvlphthalate 0.33 U 0.33 U 0.33 U 0.33 U 0.51 0.33 U 
Acenaphtnvlene 0.33 U 0.33 U 0.33 U 0.33 U 0.014 J 0.33 U 
2.6-Dinirrotoluene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
3-Nitroani line 1.7 u 1.7 u 1.6 U 1.6 U 1.6 U 1.6 U 
Acenaphthene 0.33 U 0.33 U 0.33 U 0.33 U 0.04 J 0.33 U 
2.4-Dinitrophenol 1.7 u 1.7 U 1.6 U 1.6 U 1.6 U 1.6 U 
4-Nitroohenol 1.7 u 1.7 u 1.6 U 1.6 U 1.6 U 1.6 U 
Dibenzofuran 0.33 U 0.33 U 0.33 U 0.33 U 0.03 J 0.33 U 
2.4-Dinitrotoluene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Diethylphthalate 0.33 U 0.33 U 0.33 U 0.33 U 0.092 J 0.33 U 
4-Chlorophenyl-phenylether 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Fluorene 0.33 U 0.33 U 0.33 U 0.33 U 0.035 J 0.33 U 
4-Nitroaniline 1.7 u 1.7U 1.6 U 1.6 U 1.6 U 1.6 U 
4.6-Dinitro-2-rnethylphenol 1.7 u 1.7 u 1.6 U 1.6 U 1.6 U 1.6 U 
N-Nitrosodiphenylamine (I) 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
4-Brornophenyl-phenylether 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Hexachlorobenzene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Pentachloroohenol 1.7 u 1.7 U 1.6 U 1.6 U 1.6 U 1.6 U 
Phenanthrene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Anthracene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Di-n-butvlohthalate 0_028 J 0.33 U 0.33 U 0.012 J 2.8 J 0.022 J 
FI uoranthene 0.33 U 0. 33 U 0.33 U 0.015 J 0_23 J 0.33 U 
Pvrene 0.33 U 0.33 U 0.33 U 0.018 J 0.43 J 0.33 U 
Butvlbenzvlphthal te 0.024 J 0.022 J 0.026 J 0.028 J 0.32 U 0.023 J 
3.3'-Dichlorobenzidine 0.66 U 0.67 U 0.65 U 0.66 U 0.65 U 0.66 U 
Bemnt a)anthracene 0.33 U 0.33 U 0.33 U 0.01 5 J 0..34 0.33 U 
Chrvsene 0.33 U 0.33 U 0.33 U 0.015 J 0.37 0.33 U 
bis(2-Ethvlhexvl )phthalate 0.4 B 0.44 B 0.25 JB 0.45 B 3.8 B 0.83 B 
Di-n-octvlphthal te 0-33 B 0.013 JB 0.01 8 JB 0.022 JB 5.2 BE 0.1 JB 
Benzo( b) fluoranthene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Benzo(k) fl uoranthene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Benz<>( a) pyrene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
lndeno( 12.3-cd) ovrene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Dibenz (ah) anthracene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
Benzo {g_h,i) oervlene 0.33 U 0.33 U 0.33 U 0.33 U 0.32 U 0.33 U 
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Table A3-2. Semivolatile Organics Results for 1325-N - Sediment (Page 2 of 2) 

Sample ID: G H J J i.,:. 

89--0079 89--0080 89--008 I 89-0082 89--0083 Method Blank 
Units: mg/Kg 

Phenol 0.33 U 
bis(2-Chloroethyl) Ether 0.33 U 
2-Chlorophenol 0.33 U 
I J-Dichlorobenzene 0.33 U 
1.4-Dichlorobenzene 0.33 U 
Ben?V) alchohl 0.33 U 
1.2-Dichlorbenzene 0.33 U 
2-Methylphenol 0.33 U 
bis(2-chloroisopropyl) ether 0.33 U 
4-Methvlohenol 0.33 U 
N-Nitroso-Di-n-orooylamine 0.33 U 
Hexachloroethane 0.33 U 
Nitrobenzene 0.33 U 
lsoohorone 0.33 U 
2-Nitrophenol 0.33 U 
2.4-Dimethylphenol 0.33 U 
Benzoic acid 1.7 u 
bis(2-Chloroethoxy)methane 0.33 U 
2.4-Dichloroohenol 0.33 U 
1.2.4-Trichlorobenzene 0.33 U 
Naphthalene 0.33 U 
4-Chloroaniline 0.33 U 
Hexachlorobutadiene 0.33 U 
4-Chlore>-3-methylphenol 0.33 U 
2-Methvlnaphrhalene 0.33 U 
Hexachlorocyclopentadiene 0.33 U 
2.4.6-Trichloroohenol 0.33 U 
2.4.5-T richloroohenol 1.7 u 
2-Chloronaohthalene 0.33 U 
2-Nitroaniline 1.7 u 
Dimethylphthalate 0.33 U 
Acenaohthvlene 0.33 U 
2.6-Dinitrotoluene 0.33 U 
3-Nitroaniline 1.7 u 
Acenanhthene 0.33 U 
2.4-Dinitrophenol 1.7 u 
4-Nitrophenol 1.7 u 
Di benzofuran 0.33 U 
2.4-Dini!i_otoluene 0.33 U 
Diethyl phthalate 0.33 U 
4-f'hloroohenvl-phenvlether 0.33 U 
Fluorene 0.33 U 
4-Nitroaniline 1.7 u 
4.6-Dinitro-2-methvlohenol 1.7 u 
N-Nitrosodiohenvlamine (I) 0.33 U 
4-BromophenvJ-phenvlether 0.33 U 
Hcxachlorobenzene 0.33 U 
Peruachlorophenol 1.7 u 
Phenanthrene 0.33 U 
Anthracene 0.33 U 
Di-n-butvlohrhalate 0.017 J 
Fluoranthene 0.33 U 
mcne 0.33 U 
Butvlbenzylphthalte 0.04 J 
3.3'-Dichlorobenzidine 0.66 U 
Benzo< a)anthracene 0.33 U 
Chrvsene 0.33 U 
bis(2-Ethvlhexvl lohthalate 0.72 B 
Di-n-octylohthalte 0.026 JB 
Benzo(b) fl uoramhene 0.33 U 
Benzof kl fl uoranthene 0.33 U 
BellZO(a) pyrene 0.33 U 
I ndeno( 1.2 .3-cd) ovrene 0.33 U 
Dibenz (ah) anthracene 0.33 U 
Benzo (g.h,i) oervlene 0.33 U 

U = Concentration was widetected at specified detection levels 
J = Estimated result 
JB = Analyte found in associated blank at estimated quantity 
BE= Out of calibration range 
B = Blank contamination 

me/Kg me/Kg 

0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 

1.7 u 1.6 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 

1.7 u 1.6 U 
0.33 U 0.33 U 

1.7 u 1.6 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 

1.7 u 1.6 U 
0.33 U 0.33 U 

1.7 u 1.6 U 
1.7 u 1.6 U 

0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 

1.7 u 1.6 U 
1.7 u 1.6 U 

0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 

1.7 u 1.6 U 
0.33 U 0.33 U 
0.33 U 0.33 U 

0.022 J 0.027 J 
0.009J 0.33 U 
0.014 J 0.33 U 
0.046 J 0.028 J 

0.66 U 0.66 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.84 B 0.6 B 

0.019 JB 0.063 JB 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 
0.33 U 0.33 U 

Analysis rretbod is unknoWTL 
Sample locations Llllknown 
Sampled received 4-13-89. 

me/Kg me/Kg m2/Kg 

0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.022 JB 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 

1.6 U 1.6 U 1.7 u 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 

1.6 U 1.6 U 1.7 u 
0.33 U 0.33 U 0.33 U 

1.6 U 1.6 U 1.7 u 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 

1.6 U 1.6 U 1.7 u 
0.33 U 0.33 U 0.33 U 

1.6 U 1.6 U 1.7 u 
1.6 U 1.6 U 1.7 u 

0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 

1.6 U 1.6 U 1.7 u 
1.6 U 1.6 U 1.7 u 

0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 

1.6 U 1.6 U 1.7 u 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.1 1 J 0.14 J 0.33 U 
0.33 U 0.013 J 0.33 U 

0.011 J 0.022 J 0.33 U 
0.33 U 0.33 U 0.33 U 
0.66 U 0.66 U 0.67 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.34 B 054 B 0.45 B 

0_025 JB 0.022 JB o_o:;.i JB 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 
0.33 U 0.33 U 0.33 U 

Reference: Analytical Report for 1325-N Crib Samples, May 22, 1989, Table 4 
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Sample ID: I A B 

Units: mg/Kg mg/Kg mg/Kg 

Aluminum ND 3,500 3,100 

Arsenic ND ND ND 
Barium 220 83 65 

Beryllium ND ND ND 
Cadmium ND ND ND 

Calcium 22,000 6 950 3 950 

Chromium 450 ND ND 
Cobalt 15 ND ND 
Copper 230 80 J 20 J 
Iron 135,000 28,700 21,900 

Lead 500 ND ND 
Magnesium 8,950 4,650 3,800 

Manganese 920 370 230 

Mercury I ND ND 

Nickel 200 ND 20 J 
Phosphorus 2,400 1,700 J 800 J 

Potassium 500 280 J 280 J 

Silver ND 450 470 

Sodium 430 270 J 270 J 

Strontium 45 25 15 

Thallium 3,350 1,650 1,900 

Vanadium 100 40 50 

Zinc 1,650 60 90 
Zirconium 40 10 J 20 J 

Dup = Duplicate 
Samples analyzed by EPA Method ICP Metals. 
ND= Not detected, no detection limit given 
.I = Estimated value 

C 
mg/Kg 

5,650 

ND 

126 

ND 

ND 

22,000 

ND 
ND 

40 J 
26,700 

ND 

8,950 

505 

ND 

50 J 

2,100 J 

500 J 

430 

430 J 

42 

2,200 

70 

240 
40 J 

D E F G H 

mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg 

5,150 4,400 5,100 5,150 4,100 

ND ND ND ND ND 

95 220 116 110 109 

ND ND ND ND ND 

ND ND ND ND ND 

5,350 10,300 6,100 6,300 5,250 

ND 450 ND ND 30 J 
ND ND ND ND ND 

40 J 230 30 J 40 J 40 J 
31,800 135,000 36,000 37,300 30 000 

ND 500 J ND ND ND 

5,400 3,200 5,450 5,850 4,000 

370 920 370 370 280 

ND ND ND ND ND 

30 J 200 J 30 J 30 J 50 J 
1,200 J 2,400 J 1,200 J 1,000 J 1,000 J 

450 J 250 J 400 J 450 J 350 J 
330 380 500 500 320 

350 J 300 J 360 J 370 J 320 J 
25 45 24 23 21 

2,700 620 3,350 2,850 1,750 

80 20 J 100 100 60 

150 1,650 230 250 200 
30 J 20 J IO J 20 J 40 J 

Location of samples not given . A sample ID for l was not given in the report, so it was assigned for this report. 
Reference: WHC-SD-EN-DP-056, Rev. 0-A 

I J J (Dup) K 

mg/Kg mg/Kg mg/Kg mg/Kg 
~ 
~ 
O" 

4,200 4,700 4,450 5,550 ;-
ND ND ND ND > w 

99 100 100 109 I w 
ND ND ND ND -ND ND ND ND = 0 .., 

5,150 5,050 5,250 8,000 ~ 
~ 

ND ND ND 20 J = .... 
n 

ND 15 J 10 J ND (j 

30 J 40 J 30 J 10 J 
0 

8 
29,000 31,800 32,300 29,800 "O 

0 

ND ND ND ND 
4,600 4,450 4,750 6,601 

= = Cl 0.. 
V, 0 

530 330 350 480 

ND ND ND ND 

t:::1 d tn 
(I) ~ ~ .... 
(I) 
n ::ti, 

30 J 30 J 30 J 50 J 
.... • \0 (I) 

0.. 0\ 
I 

1,000 J 1,100 J I 000 J 1,000 J .... ........ 
::s ........ 

400 J 500 J 450 J 400 J -w 
300 500 330 300 N u, 
330 J 310 J 350 J 350 J I z 

19 19 21 25 (j 

2,680 2,600 2,100 2,150 
.., .... 
O" 

80 80 70 60 rJJ 
(I) 

130 190 170 290 0.. .... 
40 J 30 J 30 J 30 J 8 

(I) 

::s .... 
V, .... 
= -\C 
00 
\C 
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Sample ID: A B C D E 

Units : mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg 

Ammonium 50 U 50 U 50 U 50 U 50 U 

Chlorine 52 52 53 52 55 

Fluorine JU JU JU IU JU 

Glycol 30 U 30 U 30 U 30 U 30 U 

Nitrate 14 5 22 6 5 U 

Nitrite · 5 U 5 U 5 U 5 U 5 U 

Phosphate 24 20 U 36 20 U 20 U 

Sulfate 5 U 75 5 U 72 99 

U = Concentration was undetected at specified detection levels 

NA= Not analyzed 

Dup = Duplicate 

Samples collected 3-20-89 

Sample location not given. 

F G H 

mg/Kg mg/Kg mg/Kg 

NA 50 U 50 U 

NA 50 52 

NA JU JU 

NA 30 U 30 U 

NA 5 U 5 U 

NA 5 U 5 U 

NA 20 U 34 

NA 71 5 U 

Reference: Battelle Analytical Report for the 1325-N Crib Samples, May 22, 1989, Table 3 

""1 
ta) 

O" -I J J (Dup) K Field Blank ft> 

> 
mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg w 

I 
A 

50 U 50 U 50 U 50 U 50 U 

51 53 57 53 52 
,:; '-..r..~ 
ft> a--.. 
rJl 

JU JU lU IU lU 

30 U 30 U 30 U 30 U 30 U 

5 U 7 14 5 U 5 U 

5 U 5 U 5 U 5 U 5 U 

C: CJ,,;! -- -1= rJl 

'° ::;, ....J;:: 
0 ,. 
8 c::, 

> -... 
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20 U 26 27 30 20 U ::, 
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Table A3-5. Results from Cold Vapor Mercury Analyses 

Mercury 

3/20/89 

1325-N mg/Kg 

A 0.30 U 

B 0.30 

C 0.30 U 

D 0.30 U 

E 1.3 

F 0.50 

G 0.30 U 

H 0.32 

I 0.44 

J 0.88 

J (Dup) 0.58 

K 1.0 

U = Concentration was undetected at specified detection levels 

Dup = Duplicate 

Sample location was not given 

Samples collected 3/20/89 and analyzed by EPA SW-846/7471 

Reference: Battelle Analytical Report for the 1325-N Crib 
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Table A3-6. Bulk Chemical and Radiological Analysis (Gamma-Emitters Only) 
of Settled Solids from 1325-N Crib 

Constituents wt% mg/Kg pCi/g 

Inorganics 

Aluminum 2.4 ---
Calcium 4.4 -·--
Chromium -- 653 
Copper -- 643 

Iron 26.1 ---
Lead -- 571 
Manganese - 9,920 

Molybdenum -- 47 
Nickel --- 1,251 

Radionuclides 

Cerium-144 135,000,000 
Cesium-137 500,000 

Cobalt-60 160,000,000 

Manganese-54 435 ,000,000 

Nickel-59 2,900,000 
Phosphorus 2.2 --
Potassium 0.4 -
Silicon 8.4 --
Uranium -- 858 
Zinc - 2,600 

· Zinc-65 37,000,000 
Zirconium - 843 
Zirconium-9 5 4,100,000 

Samples collected in 1984. 

Bulle mineralogical analysis was performed by x-ray powder diffraction. 

Bulle elemental analysis was performed using dispersive x-ray fluorescence. 

Reference: UNI-2999 Rev. 0 = Engineering Study Liquid Eflluent Disposal Facility, Project H-672, Page I-13 
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Table A3-7. Turbidity Measurements, 1325-N 

1325-N Crib (a) 
11/20/84 

Sample Time 
No. (a.m.) Location Turbidity 

1 9:30 Southeast Manway 0.73 

2 9:30 Southeast Manway 0.71 
-, 9:35 Southeast Manway 0.55 .) 

4 9:35 Southeast Manway 0.6 

5 9:40 Southeast Manway 0.53 

6 9:40 Southeast Manway 0.63 

7 9:45 Southeast Manway 0.58 

8 9:45 Southeast Manway 0.54 

9 9:50 Southeast Manway 0.53 

10 9:50 Southeast Manway 0.52 

11 9:55 Southeast Manway 0.74 

12 9:55 Southeast Manway 0.73 

13 10:00 Middle, South Manway 0.55 

14 10:00 Middle, South Manway 0.52 

15 10:05 Middle, South Manway 0.46 

16 10:05 Middle, South Manway 0.44 

17 10:10 Middle, South Manway 0.45 

18 10:10 Middle, South Manway 0.5 

19 10:15 Middle, South Manway 0.48 

20 10:15 Middle, South Manway 0.46 

21 10:20 Middle, South Manway 0.44 

22 10:20 Middle, South Manway 0.5 

23 10:25 Middle, South Manway 0.44 

24 10:25 Middle, South Manway 0.46 

25 10:30 Southwest Manway 0.48 

26 10:30 Southwest Manway 0.54 

27 10:35 Southwest Manway 0.53 

28 10:35 Southwest Manway 0.56 

29 10:40 Southwest Manway 0.57 

30 10:40 Southwest Manway 0.62 

31 10:45 Southwest Manway 0.55 

32 10:45 Southwest Manway 0.58 

33 10:50 Southwest Manway 0.54 

34 10:50 Southwest Manway 0.55 

35 10:55 Southwest Manway 0.54 

36 10:55 Southwest Manway 0.55 

(a) Estimated crib influent rate= <300 gal/min per, L. P. Diediker, 11/19/84 . 

Reference: UNI-2999 Rev. 0 = Engineering Study Liquid Effluent Disposal Facility, Project H-672, 

Jan. 15, 1985, p.1-36, 37 and 38 
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Table A4-1. 1301-N Radiation Measurements (Page 1 of 3) 

1980 1981 1982 1983 
One Meter Above 

Ground Level Concrete Panel Ground Level• Ground Level Ground Level 

CPM µR/hr CPM µR/hr CPM µR/hr CPM µR/hr CPM µR/hr 

200 90 388 100 710 320 380 900 795 900 

225 100 345 I IO 600 270 205 550 315 600 

176 70 234 80 450 203 200 260 200 350 

117 70 212 70 340 153 90 150 90 200 

102 60 192 60 230 104 105 120 150 145 

5,960 os• 25,400 os• 9,900 4,455 11 ,000 os• NR NR 
330 220 842 260 1,500 675 305 700 370 775 

200 JOO 391 170 360 162 120 240 175 400 

393 200 3.270 os• 1,400 630 120 270 160 325 

200 120 323 120 270 122 95 150 115 170 

NR NR NR NR 150 68 100 110 70 110 

244 160 512 400 2,200 990 740 750 735 1.180 

402 250 310 250 370 167 410 550 330 600 

536 250 573 400 480 216 280 400 280 500 

416 290 487 300 420 189 170 280 165 400 

301 260 394 280 340 153 140 200 140 210 

NR NR NR NR NR NR NR NR NR NR 
204 130 346 130 280 126 140 200 I IO 210 

119 60 202 50 190 86 90 80 100 80 

NR NR NR NR 300 135 250 230 305 450 

NR NR NR NR 240 108 170 160 170 225 

NR NR NR NR 200 90 130 160 165 215 

209 100 153 120 180 81 90 130 I JO 160 

130 120 207 130 360 162 160 120 85 140 

I 81 120 300 140 200 90 150 130 140 140 

182 120 272 140 270 122 JOO 120 75 135 

466 100 367 100 290 131 I IO 100 90 115 

166 160 480 240 330 149 90 JOO 85 I 10 

NR NR NR NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR NR NR NR 

A4-3 

1984 

Ground Level 

CPM µR/hr 

875 600 

355 400 

145 230 

95 150 

80 I 10 

NR NR 
570 650 

155 400 

175 300 

140 175 

120 120 

390 400 

335 350 

270 400 

190 350 

135 230 

NR NR 
140 200 

130 90 

I IO 160 

125 140 

165 120 

100 140 

100 120 

230 150 

105 140 

140 130 

145 120 

NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
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Table A4-l. 1301-N Radiation Measurements (Page 2 of 3) 

1985 1986 1987 1988 1989 

Ground Level Ground Level Ground Level Ground Level Ground Level 

CPM µR/hr CPM µR/hr CPM µR/hr CPM µR/hr CPM µR/hr 

1,000 NR 2,100 NR 2,100 NR 1,200 NR 1,200 NR 
700 NR 3,700 NR 3,700 NR 2,000 NR 2,000 NR 
400 NR 5,000 NR 5,000 NR 3,200 NR 3,200 NR 
260 NR 4,500 NR 4,500 NR 2,800 NR 2,800 NR 
210 NR 3,800 NR 3,800 NR 2,400 NR 2,400 NR 
NR NR NR NR NR NR NR NR NR NR 

1,200 NR >5,000 NR >5,000 NR >5,000 NR >5,000 NR 
700 NR >5,000 NR >5,000 NR 4,400 NR 4,400 NR 
600 NR >5,000 NR >5,000 NR 4,400 NR 4,400 NR 
200 NR >5,000 NR >5,000 NR 3,200 NR 3,200 NR 
NR NR >5,000 NR >5,000 NR 2,000 NR 2,000 NR 
700 NR >5,000 NR >5,000 NR 1,200 NR 1,200 NR 
500 NR >5,000 NR >5,000 NR 3.200 NR 3,200 NR 
600 NR >5,000 NR >5,000 NR 4,800 NR 4,800 NR 
700 NR >5,000 NR >5,000 NR 4,400 NR 4,400 NR 
440 NR >5,000 NR >5,000 NR 4,000 NR 4,000 NR 
500 NR >5,000 NR >5,000 NR 4,700 NR 4,700 NR 
150 NR >5,000 NR >5,000 NR 1,200 NR 1,200 NR 
NR NR NR NR NR NR NR NR NR NR 
320 NR 1,000 NR 1,000 NR NR NR NR NR 
340 NR 2, 100 NR 2,100 NR NR NR NR NR 

280 NR 3,200 NR 3,200 NR 2,400 NR 2,400 NR 
260 NR 4,200 NR 4,200 NR 2,800 NR 2,800 NR 

250 NR 3,800 NR 3,800 NR 2,000 NR 2,000 NR 
240 NR 4,000 NR 4,000 NR 2,400 NR 2,400 NR 
260 NR 3,700 NR 3,700 NR 2,400 NR 2,400 NR 
240 NR 3,200 NR 3,200 NR 2,000 NR 2,000 NR 
210 NR 2,900 NR 2,900 NR 1,600 NR 1,600 NR 

200 NR 750 NR 750 NR NR NR NR NR 

230 NR 1,000 NR 1,000 NR NR NR NR NR 

250 NR 1,600 NR 1,600 NR 1,400 NR 1,400 NR 

220 NR 1.700 NR 1,700 NR 1,600 NR 1,600 NR 

180 NR 1,800 NR 1,800 NR 1,200 NR 1,200 NR 
160 NR 1,700 NR 1,700 NR 1,400 NR 1,400 NR 

A4-4 

1990 

Ground Level 

CPM µR/hr 

900 NR 
2,000 NR 
3,300 NR 
2,800 NR 
2,500 NR 
NR NR 

>5,000 NR 
>5,000 NR 
>5,000 NR 
3,600 NR 
2,000 NR 
1,800 NR 
1,800 NR 

>5,000 NR 
>5,000 NR 
4,800 NR 

NR NR 
3,400 NR 
1,100 NR 
NR NR 
NR NR 

2,400 NR 
2,600 NR 
2,400 NR 
2,500 NR 
2,200 NR 
2,000 NR 
1,700 NR 
NR NR 
NR NR 

1,1 00 NR 
1,200 NR 
1,200 NR 
1,200 NR 



961349~ .. 0797 
DOE/RL-96-11 

Draft A 

Table A4-1. 1301-N Radiation Measurements (Page 3 of 3) 

1991 1992 

Ground Level Ground Level 

Grid Point CPM µR/hr CPM 

A l 900 NR 800 

A2 1,500 NR 1,600 

A3 2.800 NR 2,600 

A4 2.600 NR 2,200 

AS 2.100 NR 2,000 

Bl NR NR NR 

B3 >3 ,000 NR >3 ,000 

B4 >3 ,000 NR >3,000 

BS >3,000 NR >3,000 

B6 >3,000 NR 2,900 

B7 1,700 NR 1,600 

Cl 900 NR 800 

C2 2,800 NR 2,500 

C3 >3,000 NR >3,000 

C4 >3 ,000 NR >3,000 

cs >3.000 NR >3,000 

C7 NR NR >3,000 

cs >3,000 NR 2,700 

C9 1,100 NR 1.000 

D I NR NR NR 

D2 NR NR NR 

D3 2,100 NR 2,000 

D4 2,300 NR 2,100 

D5 2.000 NR 2,000 

D6 2.300 NR 2.100 

D7 1,900 NR 1,800 

D8 1,800 NR 1,700 

D9 1,400 NR 1,500 

El NR NR NR 

E2 NR NR NR 

E3 1,000 NR 1,000 

E4 1,100 NR 1,200 

ES 1,000 NR 1,000 

E6 1,000 NR 1,000 

NR = Not reponed, probably not measured . 

OS• = OfT Scale (high radiation area). 

µR/hr 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

1993 

Ground Level 

CPM µR/hr 

600 NR 

1.200 NR 

1,700 NR 

1,500 NR 

1.400 NR 

NR NR 

>3.000 NR 

>3,000 NR 

>3,000 NR 

2,100 NR 

1.200 NR 

700 NR 

1.700 NR 

>3 ,000 NR 

>3.000 NR 

2,700 NR 

1.900 NR 

750 NR 

NR NR 

NR NR 

NR NR 

1,500 NR 

1,200 NR 

1.500 NR 

1,500 NR 

1,400 NR 

1,200 ' NR 

1, 100 NR 

NR NR 

NR NR 

800 NR 

750 NR 

700 NR 

700 NR 

• Based on 1980 data, every I 00 co unts per minute detected on the integrating instrument is roughly equal to a dose rate of 45 µR/hr. 

A rad iation survey was taken at 200 ft intersecti ng points. A di rect reading count rate instrument was used to measure activity 

and a UR meter was used to measure dose ra te. Counts were made fo r two minutes and averaged. 

References : 

UN l- 158 1 = Radiological Surveillance Repon For The 100-N Area Environment - FY 1980, p. 14 

UN l-1 849 =Rad iological Surveillance Repon For The 100-N Arca Env ironment - FY 1981 , p. 2 1 

UN l-2226 = Radiologica l Surveillance Repon For The I 00-N Area Environment - FY 1982 , p. 22 

UN l-2460 = Rad io logical Surveillance Repon For The I 00-N Area Environment - FY 1983, p. 22 

UN l-3069 = Radiological Surveillance Repon Fo r The I 00-N Area Envi ronment - FY 1984, p. 24 

UNl-3760 = Radiolog ical Surveillance Repon For The I 00-N Area Environment - FY 1985, p. 37 

UN l-4065 = Rad iological Surve illance Repon For The I 00-N Area Enviro nment - FY 1986, p. 33 

WHC-EP-0 16 1 = Westi nghouse Hanford Company Environmental Surveillance Repon - 100 Areas - FY 1987, p. H 4 

WHC-EP-0258 = Westinghouse Hanford Company Environmental Surve illance Repon - I 00 Areas - FY 1988, p. 7-4 

WHC-EP-0258- 1 = Westinghouse Hanford Company Environmental Surveillance Repon - I 00 Areas - FY 1989, p. H 4 

WHC-EP-0258-2 = Westinghouse Hanford Company Envi ronmental Surve illance Repon - I 00 Areas - FY 1991, p. 7-4 
WHC-EP-0573 = Westinghouse Hanford Company Environmental Survei ll ance Repon - I 00 Areas - FY 199 I, p. F-23 
WHC-EP-0573- 1 = Westinghouse Hanford Company Environmental Survei llance Repon- 100 Areas - FY 1992, p. F 19 

WHC-EP-0573-2 = Westinghouse Hanford Company Environmental Surveillance Repon - I 00 Areas - FY 1993, p. H 13 
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1301-N Crib 

A B C D 

At Rope Horsetrough Crib Middle Begin ofTrenc TS-01 TS-02 TS-03 TS-04 

mR/ltr mR/hr mR/ltr mR/ltr mR/ltr mR/ltr mR/ltr m.R/hr 

9-26-85 2.7 80 200-400 1,400 

9/30/85 (a' 2.1 75 600 I 500 

I 0-10-85 1.6 70 500 1,700 500 240 200 

10-17-85 2.0 60 160-200 1,200 200 380 200 

I 0-24-85 1.4 80 500 .),300 400 350 300 

10-31-85 1.8 75 400 I 200 750 450 320 

11-06-85 2.0 50 400 1 500 

11-18-85 2.0 SE Comer 60 30-50 400 1,500 

NE Comer 100 

NW Comer 50 

SW Comer 130 

11-2 1-85 1.5 50 500 I 500 

12-05-85 1.5 50 500 I 500 

12-12-85 1.5 50 700 1,500 

(a) 111e 9-30-85 sample collection date was changed from U1e reference, which listed the date as 10-30-85. 

(b) Readings taken near trench. 

Soil sediment samples were collected by attaching a 50 mL jar to pole and using this as a scoop. 

Samples collected ai1er 1301-N no longer received effiuent. 

Readi11gs were taken at the crib and trench centerline unless designated otherwise. 

1301-N Trench 

TS-05 TS-06 

mR/11r mR/ltr 

150 170 

130 160 

200 200 

260 230 

Reference: UNJ-3809 Rev. 0 = Engineering Report - Stabilization of 1301-N Liquid Waste Disposal Facility, Feb. 5, 1986, Page 9 

TS-07 TS-08 TS-09 

m.R/hr m.R/ltr mR/hr 

150 100 200 

80 (b) 70 (b) 220 

150 100 250 

100 100 240 
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Table AS-1. 1325-N Radiation Measurements (Page 1 of 2) 

1984 1985 1986 1987 19SS 1989 
Ground Level Ground Level Ground Level Ground Level Ground Level Ground Level 

CPM uR/hr CPM uRlhr CPM µR/h r CPM uR/hr CPM µR/h r CPM uR/hr 
NR NR 1.500 NR 310 NR 310 NR 450 NR 450 NR 
NR NR 2.600 NR 350 NR 350 NR NR NR NR NR 
NR NR 2.100 NR 390 NR 390 NR 1.600 NR 1.600 NR 

NR NR soo NR 410 NR 410 NR NR NR NR NR 

NR NR NR NR 360 NR 360 NR NR NR NR NR 
NR NR NR NR ISO NR ISO NR 700 NR 700 NR 
NR NR NR NR 200 NR 200 NR 400 NR 400 NR 
NR NR NR NR 140 NR 140 NR 180 NR 180 NR 
NR NR NR NR 100 NR 100 NR 150 NR 150 NR 
NR NR NR NR 75 NR 75 NR 100 NR 100 NR 

NR NR NR NR 45 NR 45 NR 48 NR 48 NR 
NR NR NR NR JI NR 31 NR 32 NR 32 NR 
NR NR 2.400 NR 200 NR 200 NR 750 NR 750 NR 
NR NR NR NR 330 NR 330 NR 1.400 NR 1.400 NR 

NR NR NR NR t-iR NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR NR NR NR NR NR 
NR NR 1.200 NR 580 NR 580 NR 2. 100 NR 2.100 NR 
NR NR 250 NR 340 NR )40 NR 1.000 NR 1.000 NR 
NR NR 130 NR 200 NR 200 NR 520 NR 520 NR 
NR NR 34 NR 100 NR 100 NR 210 NR 2 10 NR 
NR NR 21 NR 70 NR 70 NR 150 NR 150 NR 
NR NR 16 NR 51 NR 5 1 KR 72 NR 72 NR 
NR NR I I NR JI NR 31 NR 40 NR 40 NR 
NR NR 14 NR 22 NR zz NR 28 NR 28 NR 
NR NR 12 NR NR NR NR NR NR NR NR NR 
NR NR 11 NR NR NR NR NR NR NR NR NR 

NR NR II NR NR NR NR NR NR NR NR NR 
NR NR 2,200 NR 150 NR 150 NR 750 NR 750 NR 
NR NR NR NR 290 NR 290 NR Z.000 NR 2.000 NR 
NR NR 1.1 00 NR 100 NR 100 NR 600 NR 600 NR 
NR NR t-,"R NR 180 NR 180 NR 1.100 NR 1. 100 NR 

NR NR NR NR 320 NR 320 NR 2.000 NR 2.000 NR 
NR NR 1.600 NR 500 NR 500 t-,"R. 2.000 NR 2.000 NR 
NR NR 1.700 NR 500 NR 500 NR 1.500 NR 1.500 NR 
NR i',"R 650 NR 250 NR 250 NR 850 NR 850 NR 
NR t-,"R. 150 NR 160 NR 160 r-."R 450 NR 450 NR 
NR NR NR i',"R 7g NR 78 NR 180 NR 180 NR 

NR NR 40 NR 49 NR 49 NR 120 NR 120 NR 
N"R NR zo NR JI NR JI NR 60 NR 60 NR 
NR NR 16 NR 20 NR 20 NR 32 NR 32 NR 

NR NR NR NR 17 NR 17 NR 16 NR 16 NR 
NR NR 14 NR NR NR NR NR NR NR NR NR 
NR NR I I NR NR NR NR NR NR NR NR NR 
NR NR 12 NR NR NR NR NR NR NR NR NR 
NR NR NR NR 75 NR 75 NR 390 NR 390 NR 
NR NR NR NR 110 NR I 10 NR 750 NR 750 NR 
NR NR 1.700 NR 160 NR 160 NR 900 NR 900 NR 
NR NR 1.400 NR 210 NR 210 t-,"R. 900 NR 900 NR 
NR NR 950 NR 190 NR 190 NR 600 NR 600 NR 
NR NR NR NR 120 NR · 120 NR 440 NR 440 NR 
NR NR NR NR 80 NR 80 NR 200 NR 200 NR 
NR NR NR NR 52 NR 52 NR 120 NR 120 NR 
NR NR NR NR 35 NR 35 NR 80 NR 80 NR 
NR NR NR NR 23 NR 23 NR 40 NR 40 NR 
NR NR NR NR 18 NR IS NR 28 NR 28 NR 
NR NR NR NR 18 NR 18 NR 20 NR 20 NR 
70 l l NR NR NR NR NR NR NR NR NR NR 
100 25 NR NR NR NR NR NR NR NR NR NR 
100 45 NR NR NR NR NR NR NR NR NR NR 
70 60 NR NR NR NR NR NR NR NR NR NR 
75 Jl NR NR NR NR NR NR NR NR NR NR 
70 15 NR NR NR NR NR NR NR NR NR NR 
45 35 NR NR NR NR NR NR NR NR NR NR 

4.600 400 NR NR NR NR NR NR NR NR NR NR 
120 50 NR NR NR NR NR NR NR NR NR NR 
100 20 NR N"R NR NR NR NR NR NR NR NR 
140 JO NR NR NR NR NR NR NR NR NR NR 

9.000 100 NR NR NR NR IS"R NR NR NR NR NR 
Z.800 450 NR N"R NR NR NR NR NR NR NR NR 

80 50 NR NR NR NR NR NR NR NR NR NR 
65 15 NR NR NR NR N"R IS"R NR NR NR NR 
90 Zl NR NR NR NR NR NR NR NR NR NR 
55 Zl NR NR NR NR NR NR NR NR NR NR 
100 JO NR NR NR NR NR NR NR NR NR NR 
120 Zl NR NR NR NR NR NR NR NR NR NR 

AS-3 
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Table AS-1. 1325-N Radiation Measurements (Page 2 of 2) 

1990 1991 1992 1993 
Ground Le\/el Ground UVcl Ground Level Ground Level 

Grid Point CPM uRJlu CPM uRJhr CP,t uR/h, CPM uRlh, 
.;l, I 600 NR 1.000 SR 1.000 NR 700 NR 
A2 NR NR NR NR 1.700 NR 900 NR 
Al l.200 NR >J.000 NR >).000 NR 2.100 NR 
A4 2.500 NR NR NR >).000 NR >J,000 NR 
Al J.600 NR NR NR 1.900 NR 1.100 NR 
A6 700 NR 1.000 NR 1.000 NR 600 NR 
Al 500 NR JOO NR 500 NR 190 NR 
A8 260 NR 100 NR 2SO NR 150 NR 
A9 140 NR IJO ~'R IJO NR 80 NR 

AIO 70 NR 70 NR 90 NR 65 NR 
All so NR so NR so NR )0 NR 
Al2 JO NR JO NR JO NR 20 NR 
Bl 1.100 NR 1,400 NR 1.200 NR 900 NR 
82 3.200 NR >).000 NR >J.000 NR 2.100 NR 
BJ NR NR NR NR NR NR NR NR 
84 NR NR l'R Js"R NR NR Js"R NR 
Bl J.200 NR >J,000 ~"R >J,000 NR 2.100 NR 
86 1. 100 NR 1.500 ~"R 1.400 NR 800 NR 
87 600 NR 500 NR 600 NR 350 Js'R 
BS 280 NR 400 NR 2SO NR 200 NR 
89 160 NR 150 N"R l>O NR 90 NR 

BIO 80 NR 80 NR so NR so Js'R 
8 11 so NR 40 l'R ,o NR JO NR 
812 JO NR 28 NR 26 NR IS NR 
Bi l NR NR NR Js"R :-R NR NR NR 
814 NR NR NR NR l<ll NR SR NR 

Bil NR NR NR Js"R ~"R NR NR Js'R 
C l 1.200 NR 1.400 Js"R 1.400 NR 1.000 NR 
C2 J.400 NR >J .000 NR >).000 NR 2.700 >IR 
DI 850 NR 1.100 Js"R 1.000 NR 700 Js'R 

D2 I.JOO NR 2.300 1'"R 2.000 >IR 1,.100 NR 
DJ 3,800 NR >) ,000 l'R >J.000 SR 2,700 NR 
D4 ].800 NR >l ,000 NR >].000 !"-R >J.000 NR 

.DI l. 100 NR 2.900 l'o"R 2.300 NR 1.600 NR 
D6 1.000 NR 1.200 l'R 1.200 l'R 100 :-JR 
D1 600 NR 700 Js"R 600 NR ]10 NR 
D8 no Js'R 150 l'o"R 260 l'R 160 NR 
D9 150 NR 14 0 l<'R 140 NR JI NR 
D10 so NR 70 NR 10 NR 21 NR 
D11 4) NR 40 NR 40 NR I! NR 
Oil 29 1','R JO N"R JO l'R II NR 
DIJ 1':R NR NR NR NR NR ~"R NR 
D14 1',:R Js"R NR Js"R NR l'R SR NR 
Oi l ~R NR NR NR NR NR l<"R NR 
El 100 NR 600 NR 600 l'R 400 NR 
E1 800 NR 1.100 ~'R 1.000 l'R 700 NR 
El I.JOO NR 1.700 NR 1.500 1',"R 1.100 NR 
E4 1,400 NR J.700 NR 1.600 NR I .~ NR 
E5 1.000 Js'R 1.200 NR 1.100 l'R 750 1',"R 

E6 600 NR 700 NR 700 NR 400 ~"R 

El 280 NR 100 NR 290 NR 200 Js"R 
ES ISO NR 200 NR 180 NR 100 Js"R 
E9 120 NR 110 NR 120 Js"R ;o :-,.'R, 

EIO 50 NR 50 NR 60 1',"R 40 NR 
Ell JI NR )0 /'l.'"R 40 NR JO NR 
Ell 21 NR JO NR 24 1',"R 20 NR 
WI NR NR NR NR NR 1',"R ,_.R 1'"R 
Wl Js"R NR NR NR NR NR 1',"R NR 
WJ NR NR NR NR NR NR 1',"R NR 
W4 NR NR NR NR NR l'R l'R NR 
Wl NR NR NR 1'"R NR l'R 1',"R NR 
XI NR NR NR NR NR ,_.R 1',"R NR 

X2 l'R NR NR NR NR NR Js"R 1'"R 
Xl NR NR NR NR NR NR 1'"R NR 
XI NR NR NR Js"R NR NR NR NR 
YI NR NR NR NR • NR NR NR NR 

Yl NR NR NR 1''R 1''R 1',"R l'R 1','R 

Yl NR NR NR NR NR NR ,_.R NR 
Y4 ..-R NR NR NR NR NR 1',"R NR 
Yl Js"R NR NR NR NR NR l'R NR 
ZI NR NR NR !S"R NR l'R 1',"R 1'"R 

22 l'R NR NR NR NR . NR 1',"R NR 
Zl l'R NR NR NR NR NR Js"R r--.R 
24 l'R NR NR Js'R Js'R l<R 1',"R Js'R 
Zl NR NR NR NR NR l'R l'R NR 

NR • Noc rcponed. possibly no1 meuurcd 
• Based on 1980 dat~ every 100 counts pa minute detected on the in tcgratin£ instrument is roughly equal to a dose raJc o( ,U 1,1Rlhr. 
A radiation survey ,.,,.as u.ken a.1 200 (t in1erscctin~ J>O'ntt. A direc-t reading coun1 rate instrument was l.lSCd to measure Krivit)· 
and ;s UR meter was used to lnC!lSurc do~ rate. Counts were made for two minutes and averaged. 
Rc(crcnccs: 

U1'1-l069 • R.adiologic;s.l Survei llance Repon For The 100-N Area Environment· FY 1914. p. N 
U1'1-l760 • Radiolo~ial Surveillance Repon For The 100-N Arca E.nVlronmcrll - FY 1915. p. J7 
l.ll\1--406S • R.adiolosial Surveillancc Repon for The 100-N Arca Environment - FY 1986, p. H 
WHC-EP-0161 " Westinghouse Hanford Company Environ ment&! Survei llance Rcpon - 100 Areas - FY 1987. p. H-4 
WHC-EP-02S8 : Westin~c Hanford Compviy Environment.al Surveillance Repon · 100 Area.1 - FY 1918. p. 7-4 
WHC-EP-0258-1 • Wes1in~us.c Hanford Company E.nvironmcnul Surveillance Repon • 100 Areas - FY 1989. p. H-4 
WHC-EP-02S8-2 • WcStin&J',ouse Hanford Company E.nvironmcnul Surveillance Report· JOO Areas -FY 1991 , p. 7-4 
WHC-EP-osn • Wcstin~use Hanford Comp,any Environmental Surveillancc Repon - 100 Areas - FY 1991. p. f -21 
WHC-EP-0S7J-1 • Wcstin&hoUJc Hanford Company Environmental Surveillance Repon - 100 Areas -FY 1992, p. f- 19 
WHC-EP-0Sn-2 • Wesiinl;house Hanford Company Environmental Surveill ance Repon- 100 Areas • FY 1991, p. H-ll 
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APPENDIX A-6 

WATER SAMPLES FROM WITHIN 1301-N AND 1325-N 
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Table A6-1. Concentration of Selected Cations, Anions, and 
Radionuclides in the 1301-N Horse Trough 

Concentration Unfiltered 
mg(L pCi/L 

Cations 

Barium 0.02 

Calcium 12.3 

Lithium 0.018 

Magnesium 3.14 
Manganese 0.006 
Molybdenum 0.01 

Silicon 2.2 

Sodium 1.77 
Strontium 0.06 

Anions 

Chlorine 2 

Nitrate <l 
Nitrite 14 

Phosphate 0.9 
Sulfate 11 

Radionuclides 

Filtered 
pCi/L 

Cesium-137 1,300 1,100 

Cobalt-58 300 

Cobalt-60 2,070 

Manganese-54 2,100 
Molybdenum-99 550 

Niobium-95 375 
Zinc-95 305 

Sample collected in 1984. 

ND= Not detected 

Horse Trough water samples collected from the flow-proportional system attached to the trough. 

Samples taken from flow-proportional system attached to the 1301-N horse trough. 

Cation concentrations were detennined using a spectrometer with an inductively coupled 

plasma source. 

Anion concentrations detennined by an ion chromatograph. 

Gamma spectroscopy analysis was performed 15 mL filtered and unfiltered solutions to 

determine the contribution of suspended solids to radionuclide content. 

Reference: UNI-2999 Rev. 0 = Engineering Study Liquid Eflluent Disposal Facility, 
Project H-672, p. 1-16 

A6-3 

ND 
220 

320 

ND 
ND 
ND 
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Table A6-2. Dangerous Waste Analysis on 1301-N and 1325-N 
Water Influent (August 1989) 

Parameter Average Concentration 
Units 

!PH pH units 
Conductivity umhos/cm 
Mercury mg!L 
Ethylene glycol mg/I., 

Enhanced thiourea mg/L 
TOC mg!L 
Cyanide mg/I., 

Barium mg/I., 

Cadmium mg/L 
Chromium mg/L 
Lead mg/I.., 

Silver mg/I.., 
Sodium mg/L 

Nickel mg/L 
Conner mg/L 
Vanadium mg/I.., 

Antimony mg/L 

Aluminum mg/I.., 

Manganese mg/L 
Potassium mg!L 
Iron mg/L 
Beryllium mg/L 

Osmium mg/I.., 

Strontium mg/L 

Zinc mg/L 

Calcium mg/I., 

Nitrate mg/I.., 

Sulphate mg/I.., 

Fluoride mg/I., 

Chloride mg/L 

Phosphate mg/L 

Phosuhorus Pesticides mg/L 
Chlorinated Pesticides mg!L 

Enhanced ABN List 
Citrus Red mg/L 

Arsenic mg/I., 

Ammonium Ion mg/I., 

Coliform mg/L 

Selenium mg/I.., 
Thallium mg/L 

Samples collected August 1985 . 
U = Not detected at specified detection limits 
References: 

I 

Closure/Post Closure Plan 1301-N LWDF, Unpublished 
Closure/Post Closure Plan 1325-N L WDF, Unpublished 

A6-4 

1301-N 
6.70 
164 

0.001 U 
IOU 

0.2 U 
0.00197 

0.01 U 
0.028 
0.002 U 

0.01 U 
0.03 U 
0.01 U 

1.810 
0.01 U 
0.01 U 

0.005 U 
0.1 U 

0.15 U 
0.005 U 
0.620 
0.069 
0.005 U 

0.3 U 
0.3 U 

0.005 U 
14.140 

0.5 U 
11.973 

0.5 U 
1.530 

1 U 
0.005 U 
0.001 U 

1 U 
0.005 U 

0.05 U 
0.016 
0.005 U 

0.01 U 

1325-N 
6.7 
164 

0.001 U 
IOU 

0.2 U 
0.00197 

0.01 U 
0.028 
0.002 U 

0.01 U 
0.03 U 
0.01 U 

1.810 
0.01 U 
0.01 U 

0.005 U 
0.1 U 

0.15 U 
0.005 U 
0.620 
0.069 
0.005 U 

0.3 U 
0.3 U 

0.005 U 
14.140 

0.5 U 
11.973 

0.5 U 
1.530 

1 U 
0.005 U 
0.001 U 

1 U 
0.005 U 

- 0.05 U 
0.016 
0.005 U 

0.01 U 



961349~.0802 
DOE/RL-96-11 

Draft A 

Table A6-3. Chemical Composition of 1301-N Trench, Including Manways for 1983 

1st Manwav Last ~Un:wav 1st Manwav Last Manw-ay 2nd Manwav Last Manwav 2nd Manwav Last Man"-.v 2nd Mmwav Last Manw-av 

Comtituent Units 1/26/83 2/15/83 3/30/83 

Tcmn=.ture •c ll 17 15 ll 23 

pH pH 7.3 9.l 9.25 8.58 8.7 

Eh (mv) mv 405 " 155 • 150 • 145 • 265 • 

Dissolved O, mi,/L 6.9 6.58 5.91 5.59 4.71 

Allcalinity - A:; CaCO, m"1L 38 63.3 63.0 41.6 41.0 

DOC m•n I U 0.4 0.7 NA NA 

Calcium m"-11. 16.3 15.5 16 13.9 ll.9 

Mamesium m.tL 4 3.9 4.0 3.2 3.3 

Sodium m"1L 1.68 1.63 1.72 1.7 1.5 

Potas5ium lm.n 0.4 0.4 0.4 0.8 0.7 

Strontium lm"1L 0.081 0.082 0.083 0.072 0.067 

so;' lm"1L 14.3 10.0 6.7 ll.7 11.3 

s· (Polar021"aphic) mi,/L 0.003 U 0.00001 U 0.00001 U 0.105 0.163 

so;' (Total by ICP) m"1L 5.6 6.l 6.4 ll.9 11.7 

NO, mg/[_ 9.2 1.3 lJ l.1 3.0 

NO, m"1L 2.5 3.4 1.7 1.9 l.6 

F" m.tL 0.15 U 0.08 U 0.08 U 0.1 U 0.01 U 

PO./ mi,/L 3.8 0.2 U 0.2 U 0.2 U 0.2 U 

P (Total by ICP) m"1L 1.48 0.1 U 0.1 U 0.1 U 0.1 U 

er m"1L 0.9 0.59 0.40 1.0 0.95 

Silicon m"1L 1.8 1.74 1.80 2.3 l.1 

Aluminum mg/[_ 0.05 U 0.03 U 0.1 0.03 U 0.03 U 

Anenic m"1L 0.03 U 0.02 U 0.02 U 0.03 0.02 U 

Boron m.tL 0.01 0.02 0.02 0.022 0.025 

Barium m"1L 34 30 31 36 35 

Cobalt ms,/1.. JOU NA NA NA NA 

Chromium m!.!11. 0.01 U 0.01 U 0.01 U NA NA 

Fe (Total bv ICP) men 0.11 0.03 0.03 0.02 0.06 

Fe2
• (Colorimetric) m"1L 0.0061 0.002 U 0.002 U 0.002 U 0.006 

Fe'• (Colorimetric) mi,/L 0.0849 0.019 0.018 0.018 0.059 

Fe·2•/Fe~· m"1L 0.067 NA NA NA NA 

Lithium mg/[_ 0.005 U 0.005 U 0.005 U 0.01 U 0.01 U 

:M.ul'2rtesc m"-11- 0.01 U 0.003 U 0.003 U 0.003 U 0.003 U 

Molvbdcnum ms,/1.. 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 

Nickel m!.!11. 0.02 U 0.02 U 0.02 0.02 U 0.02 U 

Selenium m"1L 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Thallium m$'/L 0.01 U 0.005 U 0.005 U 0.005 U 0.005 U 

Vanadium m"-11- 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 

Zinc mglL 0.014 0.037 0.011 0.01 0.01 

• = Water pumped through stainless steel sampling device - probable contamination with iron 

U - Undetected at specified detection limit, 

NS • Not sampled 

NA d Not analyzed 

5/5/83 6/16/83 

ll 19 19.5 10.5 

9.1 8.7 7.3 7.2 

155 " 315 • 195 " 180 • 

4.64 4.56 6.68 7.06 

46.0 48.4 36.5 39.7 

NA NA NA NA 

13.8 16.9 14.7 14.8 

3.2 3.8 3.3 3.4 

1.8 2.2 1.9 1.9 

0.9 1.1 0.8 0.8 

0.078 0.096 0 .019 0.078 

14.3 ll.6 15.2 15.0 

0.163 0.197 0.051 0.078 

13.5 17.7 15.3 15.3 

3.2 4.1 0.73 1.2 

9.3 6.6 0.60 0.80 

0.1 U 0.1 U 0.1 U 0.1 U 

0.2 U 0.2 U 0.80 1.1 

0.1 0.1 U 0. 6 0.7 

0.77 1.0 1.0 1.6 

l .1 l.5 l.4 l.4 

- 0.03 U 0.03 U 0.03 U 0.03 U 

0.02 U 0.02 U 0.02 U 0.02 U 

0.01 U 0.015 0.01 U 0.01 U 

16 19 29 19 

NA NA NA NA 

0.02 U O.D2U 0.02 U 0.02 U 

0.041 0.016 0.016 0.02 

0.006 U 0.002 U 0.0059 0.0076 U 

0.032 O.Oll 0.076 0.095 

NA NA NA NA 

0.01 U 0.01 U 0.01 U 0.01 U 

0.003 U 0.003 U 0.003 U 0.003 U 

0.01 U 0.01 U 0.01 U 0.01 U 

0.02 U 0.02 U 0.02 U 0.02 U 

0.1 U 0.1 U 0.1 U 0.1 U 

0.005 U 0.005 U 0.005 U 0.005 U 

0.005 U 0.005 U 0.005 U 0.005 U 

0.005 U 0.005 U 0.01 0.01 

Reference: NUREG/CR-3712 • Radionuclide Migration in Groundwater, PNL5040, Annual Report for FY 1983, p. 90, 91 , 92 

A6-5 

9/9/83 

l3 NS 

7.8 NS 

190 NS 

6.00 NS 

44.0 NS 

0.70 NS 

16.8 NS 

3.9 NS 

2.1 NS 

0.64 NS 

0.093 NS 

17 NS 

0.039 NS 

18.9 NS 

2.9 NS 

1.1 NS 

0.25 U NS 

NS 

0.1 U NS 

0.97 NS 

1.8 NS 

0.03 U NS 

0.02 U NS 

0.02 NS 

19 NS 

NA NS 

O.D2U NS 

0.035 NS 

0.0163 NS 

0.0206 NS 

NA NS 

0.01 U NS 

0.003 U NS 

0.01 U NS 

0.02 U NS 

0.1 U NS 

0.005 U NS 

0.005 U NS 

0.01 · NS 
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Table A6-4. Hydrophillic Organics in Waters from the Low-Level 
Waste Disposal Site (ppb x 100) 

Manwavs (b) 

No. 1 No. 2 No.IO 
Hydrophilic Organcis (a) (2/15/83) (5/5/83) (6/16/83) 

Dicarbo>..'Ylic acids 
Oxalic acid 272 93 16 
Malanie acid 185 59 42 
Succinic acid 245 90 97 
Methyl succinic acid 37 ND 41 
Pentanedioic acid 136 29 53 
Hexanedioic acid 417 89 80 
Heptanedioic acid 64 16 29 
Octanedioic acid 58 65 86 
Nonanedioic acid 231 153 112 
Decanedioic acid 122 23 32 
Undecanedioic acid 106 20 24 
Dodecanedioic acid 101 12 13 
Tridecanedioic acid 87 26 ND 

Monocarboxylic acids 
Heotanoic acid 6 8 11 
Octanoic acid . 102 ND ND 
Nonanoic acid 202 29 24 
Decanoic acid 79 29 36 
Undecanoic acid 18 ND 17 
Dodecanoic acid 125 100 101 
Tetradecanoic acid 341 150 135 
Pentadecanoic acid 125 64 52 
Hexadecanoic acid 1525 554 465 
Heptadecanoic acid 43 30 24 
Octadecanoic acid 1000 172 218 
Octadecenoic acid 166 ND ND 
Nonadecanoic acid 41 ND 14 
Heneicosenoic acid ND ND ND 

Oxygenated acids 
2-Hydroxy propanoic acid 14 35 ND 
2,2-Dimethoxy ethanoic aci 109 38 230 
2.2-Dimethoxy propanoic a 92 147 24 
4-Oxo-pentanoic acid 55 56 17 

Aromatic acids 
Benzoic acid 131 31 17 
Phthalic acid 318 4 193 

ND= Not detected 
(a) Methylated, BF /methanol 
(b) Sampled 2/15/83 through 6/20/83 
Reference: NUREG/CR-3712 = Radionuclide Migration in Groundwater, Annual Report for FY 1983, p. 29 

A6-6 



130 1-N Trench Water - Manwav 11 1 (1/26/83 (al 1400) 130 1-N Trench Water - Manway Ill (2/15/83 (al I 145) 
Radionuclide Total pCi/L % Parti cu late % Cationic %Anionic %Nonionic Total pCi/L % Particulate % Cationic % Anionic % Nonionic 

Antimonv-124 I 355 60.9 0. 8 34.7 3.6 10 000 93 0.7 5.7 0.8 
Ant imonv-1 25 344 < 54 ND 98 2 < 280 NA NA NA NA 
Barium-140 38 990 14.2 85.8 < 0.1 < 0. 1 14 450 NA 98 .6 • 1.3 < 0.08 
Cerium-1 4 1 NA NA NA NA NA 11 100 87.8 12.5 < 0.5 < 0.02 
Cerium-144 7 010 - 100 < 4 < I < 0.06 11 000 85.9 14.2 < 2 < 0.05 
Cesium-137 16 100 0.1 99.9 < 0.1 < 0. 1 23 000 4.9 96.1 < 0.1 < 0.01 
Cobalt-58 3 670 23 76.3 0.5 < 0.02 46 800 97.9 2 < 0.07 < 0.02 
Cobalt-60 49 330 58.5 41.3 0.1 0.03 473 000 98.1 1.7 0.2 0.07 
Europium-154 670 - 100 < 3 < 40 < 0.1 590 • 71 • < 29 • < 3 
lodine-13 1 31 980 2.7 2.9 94 0.5 9 380 NA 4.9 • 88.6 • 0.2 • 
lodine- 133 459 200 4.1 < 0.05 95 .5 0.4 13 470 • NA < 0.9 • 99.4 • 0.7 • 
Iron-59 57 030 96.7 2.3 I 0.02 496 700 98.9 0.7 0.3 < 0.00 5 
Lanthanum-1 40 113 880 63 .6 36.3 0. 1 < 0.1 12 680 • NA 96.3 3.7 < 0.0 1 
Mnnganese-54 109 900 11.8 87.6 0.6 0.002 271 800 86.5 12.6 0.8 < 0.007 
Molybdenum-99 12 1 200 1.2 I.I 97.7 < 0.0 1 28 950 • NA < I • 100 • < 0.0 1 
Niobium-95 2 1 580 58.2 33 .7 7.9 0.06 102 500 88.2 3.9 7.8 0. 1 
Ruthenium-I 03 4 140 74 12.2 12.6 1.2 13 830 88.9 5.6 5.2 < 0.3 
Ruthenium-I 06 I 440 > 65 < 14 < 23 < 0.4 3 490 > 85 < 12 < 7 0 .5 
Technetium-99m 17 930 < 0.2 0.8 99.2 < 0.0 1 3 150 • NA < 0.4 • 100 • < 0.03 • 
Zinc-66 NA NA NA NA NA 7 220 99.7 0.3 < I < 0.04 
Zirconium-96 11 ,230 90.6 3 6 0.4 35,700 90 4.3 5.4 0.2 

130 1-N Trench Water - Manway Il l (3/30/83) 1301-N Trench Water - Manwa v 11 1 (6/16/83) 
Radionuclide Total pCi/L % Particulate ¾ Catiomc %Anionic % Nonionic Total pCi/L % Part iculate % Cat ionic % Anionic % Nonionic 

Antimonv-124 8 970 96.9 < 0.4 3.1 < 0.02 256 82.4 < 6 17.6 < 
Antimony-125 223 52 < 14 > 33 0.2 182 12.1 < 33 87.9 < 
Bariu m- 140 43 900 NA 99.9 < 0.02 0.02 7 730 9 9 1 < 0.6 < 
Cerium-1 4 1 11 950 86.8 12.6 < 0.1 0.5 7780 77 14.6 7.9 
Cerium-144 11 260 90.4 9.2 < 0.7 0.4 10 400 78 13.7 7.8 
Cesium-137 62 070 7.7 92 .3 < 0.0 1 < 0.005 27 500 10.2 89.8 0.007 < 
Cobalt-58 60 2 10 94 .9 5.1 0.02 0.0 1 354 99.1 < 8 0.9 < 
Cobalt-60 567 100 97.2 2.6 0. 1 0.02 32 700 4 1 58.6 0.49 
Europium-154 24 5 NA > 99 < 20 3.3 292 18.4 73 .4 9.8 
lodine-13 1 8 560 1.2 3.1 95.6 0.09 I 010 4.7 28.9 66.3 
lodine-133 NA NA NA NA NA NA NA NA NA < 
lron-59 519 500 99.1 0.6 0.3 0.0 1 11 700 93.9 3.2 2.8 
Lanthanum- I 40 39 900 NA 98 1.7 0.3 20 800 000 6.3 93 .7 < 0.1 
Manganese-54 244 300 54.9 44. 8 0.2 0.004 86 200 5.8 94. 1 0.078 < 
Molvbdenum-99 13 400 NA 3.5 96. 4 0.1 NA NA NA NA NA 
Niobium-9 5 70 940 73.2 22.7 3.9 0.09 35 200 51.2 35. 5 13.1 
RuU1enium-l 03 18 200 82.9 8.3 7.8 0.9 7 430 85 .1 13.4 20 
Ruthenium-I 06 3 850 73.2 24.8 < 2 2 2 890 59.9 18.5 20 .2 
Technetium-99m 2 030 NA < 0.6 100 < 0.06 NA NA NA NA NA 
Zinc-66 10 020 98 .7 1.3 < 0.2 0.003 475 56.2 43 .7 0.11 
Zirconium-96 35,960 92.6 1.9 5.4 0.04 13,500 77.3 6.4 16.1 
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00 

Radionuclide 

Antimonv-124 
Antimony- 125 
Barium-1 40 
Cerium- 14 1 
Cerium- 144 
Cesium- 137 
Cobalt-58 
Cobalt-60 
Eurooium-1 54 
lodine-13 1 
lodine-1 33 
lron-59 
Lanthanum-1 40 
Manl!anese-54 
Molybdenurn-99 
Niobium-95 
Ruthenium- I 03 
Ruthenium- I 06 
Tecluietium-99m 
Zinc-66 
Zirconium-96 

Radionuc lide 

Antimonv-124 
Antimonv-1 25 
Barium-1 40 
Ceriurn-1 4 1 
Cerium- 144 
Cesium-137 
Cobalt-58 
Cobnlt-60 
Eurooiu rn-154 
lodine-13 1 
lodinc-133 
lron-59 
Lanthanum-1 40 
Manganese-54 
Molybdenum-99 
Niobiurn-95 
Ruthenium-I 03 
Ruthenium- I 06 
Technetiurn-99111 
Zinc-66 
Zirconium-96 

Total pCi/L 

I 730 
493 

24 600 
6 260 

11 380 
57 500 

4 410 
I 15 400 

< 500 
5 620 

N R 
37 900 

8 15 000 
133 100 

5 680 
35 300 

8 960 
3 490 

453 
I 150 

15,700 

Total nCi/L 

I 760 
9 10 

3 1 560 
5 450 
NR 

26 640 
7 060 
3 390 
I 990 
7 930 
6 660 

250 600 
54 590 

137 500 
18 900 
24 560 

7 660 
630 

I 970 
214 200 

7,780 

Manwav 112 (5/5/83) 
% Part icul ate %Cationic % i\nionic 

52.1 1. 8 47.7 
< 15 < 20 - 100 

26.5 73.3 0.1 7 
96.2 3.7 < 0.1 
97.8 2 .2 < 0.2 

7.3 92.7 < 0.009 < 
33.4 66.2 0.24 
86.4 13.I 0.45 

NA NA NA 
9.9 5.6 84.4 

NR NR NR 
99.3 0.3 0.33 
18.8 81 0. 19 
34.4 65.2 0.33 
43. 1 < 35 36.8 < 
94.4 2.7 2.9 
68.2 15.5 14.9 
86.3 2 1.4 11.2 

< 18 < 19 99.6 
99.3 0.47 < 0.0 1 
92.2 1.8 5.9 

130 1-NTrench • Last Manwav (2/15/83/ru 1520 
% Part icu late % Cationic % Anionic 

54.7 2.8 37.6 
68.7 < 8 26.4 

I 98.6 0.04 < 
57.3 42.7 0.5 
NR NR NR 
5.8 94. l < 0.05 < 

48.2 51.7 < 0.2 < 
96.7 3.2 < 0.8 < 
94.4 0.9 5.1 < 
0.8 3.7 95.4 < 
0.5 < 2 99 

96.6 1.7 1.6 < 
11.2 87.5 1.3 < 
41.1 58.3 0.6 < 
6.5 0.8 92.7 < 
25 60.6 14.2 

65.3 2 1.5 12.4 
100 ND ND 
18 < 0.6 8 1.9 < 
92 7.1 0.73 < 

39.8 21.2 35 .7 

Manway 112 (9/9/83) 
% Nonionic Total oCi/L % Particu late %Cationic % An ionic 

0.16 52 5 80.4 < 6 19.4 
0.006 172 < 14 < 48 - 100 

0.05 25 700 5.5 94.6 < 0.07 
0.06 4 050 79.6 19.4 < 0. 1 
0.07 7 920 84.9 14.2 < 0 .2 

0.004 59 950 9.9 90. I < 0.005 
0.0 5 2 830 24 .2 75.7 < 0.1 
0.05 29 100 63. l 36.4 0.33 

NA < 270 NA NJ\ NA 
0.08 4 910 2.8 1.2 95.9 

NR NR NR NR NR 
0.006 62 900 9 I. I 5.9 2.7 
0.002 11 1 900 II 88.5 0.22 

0.0 1 122 200 6.9 93.1 0.05 
I I 110 < 20 < 40 - 100 

0.02 15 670 44 49.2 6.5 
1.4 3,010 60 .8 16 20. 1 
1.1 2 050 57.9 19.9 19.9 
0.3 117 < 7< 17 - 100 

0.26 539 61.6 38.4 < 0.9 
0.04 7,1 10 80.3 10.2 9.3 

1301-N Trench • Last Manwav (3/30/83) 
% Non ionic Total oCi/L % Particulate %Cationic %Anionic 

4.8 585• NA 5.2 94.6 
4.8 380• Ni\ < 23 99. 1 

0.03 55 690 I 98.7 0.2 
0.6 2 010 43.8 54.2 < I 
NR I 250 < 20 97.4 < 7 

0.008 70 890 0.2 99.8 < 0.01 
0.05 4 737 < 6 99.6 0.4 

0.008 43 230 84 .2 13 2.5 
0.5 732 98.1 < 20 < 8 

0.08 11 110 0.8 0.5 98.6 
0.5 NA NR NR Nil 

0.03 72 250 97. 1 0.76 2.1 
0.08 71 570 0.3 98.6 0.9 

0.007 125 860 10.1 89.4 0.4 
0.03 17 230 18.6 0.4 81 
0.2 6 65 0 < 3 3.3 94.3 
0.7 3 0 10 32.6 14.4 49 
ND NA NA NA NA 
0.04 3 3 10 I 1.7 0.4 87.8 
0.09 NA NA NA NA 
3.2 2,290 < 20 4.5 94.7 

% Nonionic 

0. 1 
I 

< 0.008 
0.9 
0.9 

< 0.0005 
0. 1 

0. 16 
NA 

O.D7 
NR 

0.23 
0.26 

0.008 
< 3 

0.2 
3. 1 
2.3 

< 2 
< 0.09 

0.19 

% Nonionic 

0.09 
0.9 

< 0.0 1 
2 

2.4 
< 0.003 

0.08 
0.3 
1. 8 

0.07 
NR 

0.05 
0. 1 

0.05 
O.D3 
2.3 
3 .9 
NA 

< 0.0 1 
NA 
0.7 
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Last Mall\vaY (5/5/83) 
Radionuclide Tota l pCi/L % Particulate %Cati on ic % Anioni c % Nonionic 

Antimonv-124 993 18.6 < 4 79.8 1.6 
Antimony-1 25 718 3.3 < 16 95 .5 I. I 
Bariurn-140 17 030 29.3 69.9 0.8 < 0.05 
Cerium-141 7 061 95 .1 2.9 1.8 0. 14 
Cerium-144 10 980 96.7 0 .81 0.39 0.14 
Cesium-137 91 900 5.6 94.4 < 0.002 < 0.002 
Cobalt-58 2 350 26.5 73 .2 0.25 0.03 
Cobal t-60 60 630 54.3 44.4 1.2 O.D7 
Eurooium-154 197 < 50 64 < 36 < 5 
lodine-131 3 990 13 6.4 80.5 0.07 
lodine-133 NR NR NR NR NR 
lron-59 16 280 96.8 I.I 2. 1 0.04 
Lanthanum-140 339 700 NA 99.8 0.2 < 0.02 
Man_ganese-54 153 100 16.8 82.8 0.44 0.02 
Molybdenum-99 I 760 NA 43.4 55.5 0.8 
Niobium-95 45 900 94.2 3.2 2.6 0.05 
Ruthenium- I 03 8 850 67 13 .9 17.8 1.3 

~- Rutheniu m-I 06 5 210 65 .3 22.3 11.4 1 
Technetium-99111 NA NA NA NA NA 
Zinc-66 37 1 95 .7 < 23 2.9 1.3 

• Zirconium-96 14,640 88.8 4.3 6.9 0.0 1 

°' I 
\0 

R W - Well II I (1/27/83 :<il 1430\ 
Radionuclide Total pCi/L % Particulate % Cationic % Anionic % Nonionic 

Antimony-1 24 233 < 0.2 0.5 91 9 
Antimony- 125 102 0.2 I 83 .2 15.5 
Barium-140 40 1.5 < 0. 1 98.5 < 0.1 
Cerium-1 41 NR Nil Nil Nil Nil 
Cerium-144 < 60 NA NA NA NA 
Cesium-137 < I NA NA NA NA 
Cobalt-58 12 .2 < 0.2 8.2 90.2 1.1 
Cobalt-60 210 0.4 64.8 33.7 1.1 
Europium-154 < 50 NA NA NA NA 
lodine-131 11 120 0.4 4.9 94.7 < 0.1 
lodine-133 21 740 0.5 < 0.3 99.2 0.2 
lron-59 21.6 0.3 16 82.2 < I 
Lanthanum-140 < 6 NA NA NA NA 
Man _ _gancse-54 90.6 0.08 0.4 99.4 0.1 
Molvbdenum-99 13 590 0.2 0.7 99 < 0.01 
Niobium-95 11 8 0.08 1.9 97.5 0.3 
Ruthenium- I 03 300 0.3 11.7 86.7 1.2 
Ruthenium-I 06 324 < 0.2 10.9 87.6 1.3 
Technctium-99111 2 400 0.2 < 0.8 99 < 0.01 
Zinc-66 Nil NR NR NR NR 
Zirconmm-96 19.9 0.09 8 90.4 < 0.5 

Last Manwav (6/1 6/83) 
Total pCi/L % Pat1icu late %Cationic % Anionic 

169 80.4 < 25 19.5 
168 NA NA - 100 

8 210 3.5 96.4 0.07 
5 3 80 74 . 1 16.7 8.1 
7 540 77 13 .8 8 

3 5 100 14.3 85 .7 NA 
246 75.3 22 .5 2.3 

32 300 24.3 75 .2 0.46 
< 360 NA NA NA 

740 NA NA - 100 
N R NR NR Nil 
7 480 9 1.8 3.3 4.7 

943 000 10.4 87.7 0.22 
98 600 2.8 97.l 0.o7 
NA NA NA NA 

24 200 37.3 48 14 .5 
4 340 48.6 16.3 32.4 
1 620 56.3 4. 8 35 .9 

NA NA NA NA 
364 45 .5 52 .5 2 .1 

8,550 71.5 6.2 21.9 

RW - Well/11 (2/15/83 (ii) 1430) 
Total nCi/L % Particulate % Cationi c % Anioni c 

203 < 0.3 2. 1 96.1 
188 < 0.2 0.5 94 ,7 

< 7 NA NA NA 
< 3 NA NA NA 

Nil NR N il Nil 
1.8 27 49 10 

< 2 NA NA NA 
160 7.8 32 .5 57.9 
5.7 53 ND 48 

I 320 0.8 4,5 94.6 
129 0.4 12.4 83.7 

19.5 80 17.4 < 9 
3.9 < 15 61 < 40 
7.88 37.6 60.7 1.8 

I 570 0.5 5.4 94. 1 
7.4 9.1 22.2 53 

316 I.I 21.5 74.7 
114 1.5 2 1 71.9 
127 0.3 5 94.5 
2.7 < II 58.5 40 
1.4 24.3 ND 37.9 

% Noni onic 

< 0.2 
NA 
0.01 
1.2 
1.2 
NA 
0.08 
0.02 
NA 
NA 
Nil 
0.21 
1.7 

0.002 
NA 
0.23 
2.7 
3 

NA 
0.01 
0.32 

% Nonionic 

1.9 
5.2 
NA 
NA 
Nil 
15 

NA 
1.4 

< 14 
0.08 
3.3 

< 6 
38 

< 5 
< 0.2 

4. 1 
2 .6 
6.3 

< 0.2 
< 19 
< 39 
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Radionuclide 

Antimonv-124 
Antimonv-125 
Barium-140 
Cerium-141 
Cerium-144 
Cesium-137 
Cobalt-58 
Cobalt-GO 
Eurooium-154 
Iodine-131 
lodine- 133 
Iron-59 
Lanthanum-140 
Mane.ancse-54 
Molvbdenum-99 
Niobium-95 
Ruthenium-! 03 
Ruthenium-! 06 
Technetium-99m 
Zinc-66 
Zirconium-96 

Radionuclide 

Antimonv-12 4 
Antimonv-125 
Barium-140 
Cerium-1 41 
Cerium-144 
Cesium-1 37 
Cobalt-58 
Cobalt-60 
Eurooium-154 
lodinc-131 
Iodine-133 
Iron-59 
LinUianum-140 
Manganese-54 
Molybdenum-99 
Niobiurn-95 
Ruthenium- I 03 
Ruthenium-I 06 
Tcchnetium-99m 
Zinc-66 
Zi rconium-96 

Total pCi/L 

72.8 
170 

< 4 
< 0.6 
< 2 

3.9 
1.8 

292 
< 2 

1 440 
NR 

9.4 
426 
19.9 
.770 
3.5 

310 
200 
166 
1.1 
1.4 

Total pCi/L 

210 
233 

< 4 
< 4 
< 9 
< 1 

0.27 
89.6 

< 2 
25 

NR 
0.6 

350 
2.4 

2 810 
4.3 

271 
190 
320 

< I 
3.5 

% Particulate 

0.2 
0.2 
NA 
NA 
NA 
21.6 
51.5 
5.6 
NA 
3.2 
NR 
91.2 

< 9 
21 
0.3 
48 
2.J 
3.1 
0.2 
30 
55 

% Particul ate 

< 0.04 
0.1 
NA 
NA 
NA 
NA 

< II 
4.5 
NA 

< 10 
NR 
45 

< 0.1 
3.6 

0.06 
4.9 
I.I 
1.7 

< 0.02 
NA 
3 .4 

RW - Well # I (5/6/83) 
% Cationic %Anionic %Nonionic 

< 0.4 98. 1 1.7 
< 0.8 97.4 1.7 

NA NA NA 
NA NA NA 
NA NA NA 
78.2 < 5 < 7 
34.5 13 .8 < 2 
60.7 32.7 0.96 
NA NA NA 
5.1 91.5 0. 1 
NR NR NR 

< 5 8.8 < 1 

- 100 < 2 NA 
77.8 1.6 < 0.2 

< 25 99.7 < 16 
34 18 < 0.03 

34.8 59.7 J .2 
35.4 58.1 3.4 

< 5 99.8 < 2 
70 < 47 < 9 

< 1 45 < 4 

RW · Well Ill (9/9/83 ) 
% Cationic %Aniomc % Nonionic 

0.16 85.9 13 .9 
0.68 84.6 14.7 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

- 100 NA < II 
58.8 34.9 1.9 
NA NA NA 

< 10 - 100 NA 
NR NR NR 
55 NA < 17 

- 100 < 0.5 < 0.6 
48 .2 48.2 < 2 

< 2 99.9 < 0.07 
25.7 69.3 0.9 
10.7 74 .8 1.2 
16.9 79.9 1.6 

< 2 - 100 < 0.04 
NA NA NA 

< 28 96.6 < 2 

RW - Well Ill (3/31/83) 
Total pCi/L % Particulate %Cationic % Anionic 

129 I < 0.9 84.3 
180 0. 1 < 0.6 82 .2 
7. 1 II 89 < 70 

< 20 NA NA NA 
< 2 NA NA NA 

I 16 84 < 50 
6.6 86.7 13 < 22 

38 1 19.6 29.l 50. 1 
< 10 NA NA NA 

6 865 0.6 2.4 97 
NR NR NR NR 

98.4 8 1.7 2.2 16 
46 3.7 96.3 < 4 

94.1 22.7 63.9 13.8 
3 300 0.2 1. 8 98 

77 11.6 63 .2 23.9 
1 400 0.2 4 95.3 

395 0.8 9.9 88.6 
1 150 0.05 0.9 99.1 

1.2 - 100 NA NA 
21.5 22.6 36.7 40.4 

RW - Well 113 (2/ 17//83 (74 1030) 
Tota l pCi/L % Particul ate %Cationic % Anionic 

< 0.5 NA NA NA 
21.9 < 1 < 5 76 

< 3 NA NA NA 
< 0.6 NA NA NA 

NA NA NA 
< 1 NA NA NA 

1.8 < 2 57 40 
125 3 50 43 

< 2 NA NA NA 
7.2 < 1 4 94 

< 2 NA NA NA 
3 .5 - 100 ND ND 

< 2 NA NA NA 
1.6 - 100 ND ND 

< 7 NA NA NA 
< I NA NA NA 

13.6 0.9 15 82 
66.2 1.8 2 1.6 76.6 

< 0.5 NA NA NA 
3.6 ND 100 ND 

I 33 ND 68 

%Nonionic 

14.7 
18. 1 

< 5 
NA 
NA 

< 5 
< I 

I.I 
NA 
0.04 
NR 

< 0.003 
< I 
< 0.1 
< 0.06 
< 0.08 

0.4 
0.7 

< 0.007 
NA 

< 0.9 

% Nonionic 

NA 
24 
NA 
NA 
NA 
NA 

< II 
3.1 
NA 

< 2 
NA 
ND 
NA 
ND 
NA 
NA 
3 

< 3 
NA 
ND 
ND 
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Well 113 (1 /26/83 (al 1300) 
Radionucl ide Total pCi/L % Particulate % Cation ic %Anionic %Nonionic 

Antimony-124 < 1 NA NA NA NA 
Antimonv-125 22 .5 0.4 1.7 96 1.8 
Barium-140 < I NA NA NA NA 
Cerium-14 1 NA NA NA NA NA 
Cerium- 144 < I NA NA NA NA 
Ces ium-137 < I NA NA NA NA 
Coba lt-58 0.74 I 29.7 58 12 .3 
Cobalt-60 165 0.5 63.8 34.2 1.3 
Europium-154 < 5 NA NA NA NA 
lodine-131 5 < I < 2 > 97 < I 
lodine-133 < I NA NA NA NA 
lron-59 < I NA NA NA NA 
Lanthanum-1 40 < I NA NA NA NA 
Manganese-54 < I NA NA NA NA 
Molybdenum-99 < 5 NA NA NA NA 
Niobium-95 < I NA NA NA NA 
Rut henium-I 03 14.5 < 0. 1 8.4 91.1 1.4 
Ruthenium- I 06 82 .6 0.9 9.6 88 .3 1.3 
Technetium-99 < 0.2 NA NA NA NA 
Zinc-66 NA NA NA NA NA 
Zirconiu m-96 < I NA NA NA NA 

• = Water pumped through stainless steel sampling device - probable contamination with iron. 
NA= Not analyzed 
NR = Not reported, probably not measured 
ND = Not detected 

References: 
NUREG/CR-3712 = Radionuclide Migration in Ground Water, Annual Repor1, FY83, p. 90-93 
NUREG/CR-3712 = Radionuclide Migration in Ground Water, i\Jmual Report, FY82, p. 90-93 
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Annunl Annual i\Jmual Annual Annual Anmwl Cumulative Cu 111t1 lativc Cumulative Cumulative Cumulati ve C urnulnt ive 

Rc lensc Re lease Relcnse Rclense Release Rel ease Inve nto ry l11vcntory Inven tory Inve ntory Inventory Inve ntory 

Document Number for the (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (C i) (Ci) 

Ycnr Used for Repo11ing the Releases Co-60 S1·-90 Hu- 106 Cs-13 4 Cs-137 l'u -23912 40 Cu-60 Sr-90 llu-106 Cs- 134 Cs- 137 l' u-239/240 

196-1 UNl -1533 (p age 12 tahle2) N R NR N R NR NH N il 

1965 UNl-3533 (pa11e 12 tahle2) N il NH N il Nil N R Nil 

1966 UNl-3533 (p a,:e 12 tahle2) N H N il NH Nil Nil Nil 500' 580 ' 1.10 ' -10 ' 180 ' 2.3 ' 

1967 UN l-3533 (pngc 12 tahlc2) 200 270 NH NH 88 N H 620 830 140 44 260 3. 1 

1968 UNl-3533 (page 12 table2) 82 270 N H N il 41 N il 620 II 00 140 48 290 3.9 

1969 UNI-3533 (page 12 table2) 84 7.4 N H NH 2.8 N il 630 II 00 140 51 290 4.7 

1970 UNl-3533 (page 12 tnblc2) 230 7.3 29 16 51 Nil 760 1000 100 53 330 5.5 

1971 UN l-3533 (page 12 tnblc2) 330 17 11 0 18 92 N il 980 1000 130 54 420 G.2 

1972 UN l-3533 (page 12 tnble2) 220 2 1 63 4.1 18 N H II 00 1000 11 0 42 420 7.0 

1973 UN l-158 (pngc 5) 320 16 190 23 46 N il 1200 11 00 190 49 460 7.8 

1974 UN l-349 (page 5) 320 63 82 39 170 N il l •IOU 1100 150 68 620 8.6 

1975 UN l-544 (page 5) 370 93 II U 50 240 0.31 IGOU 1100 160 91 840 8.9 

1976 UNl -732 (pnge3) 640 110 130 11 0 320 0.55 2000 1200 170 120 11 00 9.5 

1977 UNl -999 (page 3) 870 120 230 83 380 0.67 2500 1300 250 160 1500 10 

1978 UNl- 126 1 (pnge 7) 940 120 330 68 340 1.3 3 100 1400 360 170 1800 11 

1979 UN l-1 474 (page 9) 770 130 3 10 56 290 1.1 3400 1500 410 170 2000 12 

1980 UN l-170 1 (page 9) 1200 160 320 55 360 1.4 4100 1600 440 170 2300 14 

1981 UNl-2003 (page 11) 370 84 IO U 2 1 240 U.56 4000 1700 300 140 2500 14 

1982 UNl -2358 (page 10) 500 140 120 30 270 2.2 4000 1800 240 120 2700 16 

1983 UNl -2795 (page 9) 770 110 65 14 200 2 4200 1800 170 100 2900 18 

1984 UNl-3284 (page 11) 1500 3 10 130 18 210 3.9 5100 2 100 180 87 3000 22 

1985 UN l-3880 (page 11 ) 590 240 80 5.7 88 3.4 5024 2288 149 67 30 19 25 

1986 UN l-4370 (page 11 ) 390 36 49 7.4 2 10 0.24 47 71 2269 11 1 54 3 158 26 

1987 WI-IC-EP-0165 (table 3- 1) 200 15 15 2 46 U.3 1 4370 2231 67 40 3132 26 

1988 WHC-EP-0165 -1 (tab le 3-1) II 15 2.8 0.32 8 0.044 3842 2 193 36 29 3068 26 

1989 WI IC-EP-0 16 5-2 (tnhlc 3- 1) 33 28 0 0.52 23 0.023 3399 2 169 18 2 1 3021 26 

1990 \Vl IC-EP-0527 (tables 3-5) 7.8 14 0 U.12 7.1 0.0097 2988 2 132 9 15 2960 26 

199 1 · WH C-EP-0527-1 (tahlc 3-5) 0.005 0.85 0 0.00064 0. 13 U.00028 2619 2083 5 II 2893 26 

1992 2297 2034 2 8 2827 26 

1993 20 14 1986 I 6 2763 26 

1994 1765 1939 I 4 2700 26 

1995 1548 1893 u 3 2639 26 

Radionuclidcs' Hnlf-Life in Years 5.3 29.1 1.0 2. 1 30.2 241 11 

196./-1966 Cull111lativc inventory va lues are extrapolated values. 

Cumulative inventory vn lues from 1964 through 1984 arc from document UN l-3 533 

C111n11l ntivc inventory vnlues frolll 1985 to 1995 nrc calculated in this spread sheet using the culllulntive inventory formula in UN l-3533 listed hclow nlong with Ilic Hndionuclidcs' I lalf-Lifc 

••Cumulntive Inventory = ( Annua l Rclcase(Curies to LWDF) • ( I - exp((-0.693 • I ycar)/1 lnlf-Lifc)) / (0 .693/l lnlf-Life)) + (Preceding Yenr's Cumulative Inventory• cxp((-0 .693 • I Year)/Half-Life)) 
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Table A7-2. Estimated Amounts of Hazardous Waste Discharged to 
1301-N and 1325-N 

Total Pounds per Year 
Dangerous Waste 1301-N 

Acetone (F003) 6,200 

Corrosive (D002) 20,600 

Cadmium (D006) 100 

Lead (D008) 150 

Mercury (D009) 6,200 

Hydrazine (Ul 33) 100 

Carcinogens (WC02) 4,000 

Toxins (WT02) 15,000 

Sodium dichromate (D007) 10,000 

References: 
CCN-16993 =RCRAPartAPermitfor 1301-N, Rev. 5, 1995 
CCN -16993 = RCRA Part A Permit for 1325-N, Rev. 5, 1995 

A7-4 

Total Pounds per Year 
1325-N 

6,200 

20,600 

100 

150 

6,200 

100 

4,000 

15,000 

None 
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Table A 7-3. Water Flow Rates from 1301-N and 1325-N Liquid Waste Disposal Facilities 

Water Flow to Water Flow to 

Year 1301-N (liters/day) 1325-N (liters/day) 

1964 a 9,462,500 0 

1965 a 9,462,500 0 

1966 a 9,462,500 0 

1967 • 9,462,500 0 

1968 a 9,462,500 0 

1969 • 9,462,500 0 

1970 a 9,462,500 0 

1971 a 9,462,500 0 

1972 • 9,462,500 0 
1973 8,702,000 0 
1974 9,500,000 0 
1975 9,500,000 0 
1976 9,900,000 0 
1977 14,500,500 0 
1978 12,500,000 0 
1979 13,500,000 0 
1980 12,500,000 0 
1981 10,500,000 0 
1982 10,500,000 0 
1983 6,942,000 1,960,000 
1984 8,100,000 1,900,000 
1985 7,200,000 2,800,000 
1986 0 7,250,000 
1987 0 2,100,000 
1988 0 1,660,000 
1989 0 1,660,000 
1990 0 548,000 

Average 9,954,864 2,484,750 

Source: Adapted from Connelly et. at. 1991 and WHC 1991. 
Values for 1989 from Rokkan 1990, and values for 1990 from Manley and Diediker 1992. 

• No reliable data for average flow rates and average concentrations of effluents. 
Rough estimates based on discharge volumes from 1973 to 1976 were used. Data for 1973 and 1990 are 
from yearly effluent release reports. 

Reference: DOE-RL-93-23 = N Springs Expedited Response Action Proposal, Rev. 0, Jan. 1994, p. 2T-2 
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Reference Document.: 

Location: 
Sample ID: 

Method: 
Sample Collected : 

Depth (feet below ground 
surface): 

Units: 

Gross alpha 
Gross beta 

Actinium-228 
Americium-241 

Antimony-1 25 
Bismuth-214 
Cadmium-109 
Cnrbon-14 
Cerium-I 44 

Cesium-134 
Cesium-137 
Chromium-51 
Coba lt-60 
Cobalt-58 
Europi um-15 2 
Europium-1 54 
Europium-155 
lron-59 
Leud-214 
Mangnnese-54 

Plutonium - 238 
Plutonium-239/240 
PotRSsium-40 
Rndium-226 
Radium-224Di\ 
Rndium-226DA 

Radium-228 

Radium-228DA 
RuUtenium-106 
Ruthenium-I 03 
Strontium-90 
Technetium-99 
TI,orium-228 
'lltorium-232 
Tin-125 
l'ritium 
Uranium-233/234 
Uranium-235 
Uranium-238 

Uranium-234 
Zinc-65 

WHC/H WHC/H 

199-N-75 199-N-75 

D06837 D06838 

4/ 14/92 4/14/92 

2-3 5-6 
pCi/g pCi/g 

3.1 U 1.9 U 
12 J 8.7 J 

NR NR 
0.003 U 0.016 U 

NR NR 
NR NR 
NR NR 
NR NR 
NR NR 

0.12 U 0.11 U 
0.095 U 0.096 U 

5.9 U 6.6 U 
0.088 U 0.072 U 

NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 

0.007 U 0.003 U 
10.0 1.1 
0.18 U 0.35 

NR NR 

NR NR 
NR NR 
NR NR 
NR NR 
Nil NR 

0. 1 U -1.6 U 

0.44 J 0.74 U 
0.55 0.7 

0.42 0.52 
NR NR 

NR NR 

NR NR 
0.046 U 0.03 U 

0.53 0.5 
NR NR 

0.29 U 0.24 U 

WHC/H WHC/H WHC/H WHC/H 
199-N-75 199-N-75 199-N-75 199-N-76 

D06839 D06843 D06845 D06835 

4/14/92 4/23/92 4/24/92 4/13/92 

9 56-58 68-70 2-3 
pCi/g pCi/g pCi/g pCi/g 

8.5 U -0.1 2 U 0.87 U 3.5 J 
37 430 250 18 

NR NR NR NR 
0.006 U 0.006 U 0.002 U -0.004 U 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

0.13 U 0.052 U 0,075 U 0.12 U 
0.095 U 0.046 U 0.034 U 0.1 U 

6.5 U 3.8 U 3.5 U 7U 
0.1 2 U 0.52 0.28 0.13 U 

NR NR NR NR 
NR 0.1 8 U 0.15 U NR 
NR 0. 1 U 0.097 U NR 
NR NR NR NR 
NR 0.52 U 0.43 U NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

0.002 U -0.007 U 0.002 U 0.004 U 
9.4 13 .0 12.0 9A 

0.49 0.35 0.3 5 0.27 
NR NR NR NR 
NR NR NR NR 

NR NR NR NR 
NR NR NR NR 

NR 0.46 U 0.39 U NR 
NR NR NR NR 

-I.I u 190.0 120.0 0.17 U 

0.19 U -0.055 U 0.52 U 1 
0.67 0.47 0.59 0.62 
0.72 0.39 0.62 0.69 

NR NR NR NR 
NR NR NR NR 
NR 0.62 0.69 NR 

0.024 U -0.026 U 0. 11 U 0.08 U 
0.73 0.47 0.18 U 0.53 

NR NR NR NR 
0.3 U 0.15 U 0.13 U 0.33 U 

WI-IC/I-I WI-IC/I-I \VI-IC/H WI-IC-SD WHC/H 

199-N-76 199-N-76 199-N-76 199-N-76 199-N-76 

D06836 D06840 D06841 D06842 D06844 

4/ 13/92 4/ 16/92 4/ 16/92 4/22/92 4/23/92 ~ 
1:1,) 

5-6 24-25 24-25 55-57 64.5-66.5 
pCi/g pCi/g pCi/g pCi/g pCi/g 

O" 
;-

1.8 U -0 .94 U 5.3 U 5.9 U 0.65 U 
8.6 14 J 36 650 23 

NR NR NR NR NR 

> 
00 

I -......0 I-' cr,-., 
0.029 U -0 .007 U -0.004 U 0.0 11 U -0.005 U 

NR NR NR NR NR 
NR NR NR NR NR 
NR NR NR NR NR 
NR NR NR NR NR 
NR NR NR NR NR 

0.095 U 0.16 U 0.12 U 0.077 U 0.043 U 
0.064 U 0.099 U 0.1 U 0.057 U 0.033 U 

~ l) t...,,,j 
0 0 -e: 
f") :::, 

"° 1:1,) f") ..,J:: .-;- ~ 
~ :::, .. 
0. .-;- c:) '"I z a co 
~ -· 1:1,) 0 c::, 
'"I :::, 

4.5 U 6U 6.1 U 6U 2.4 U 
0.1 U 0.13 U 0.13 U 1.2 0.18 

I-' 
r,, 

w t::, t:J 
0 ~ 0 

NR NR NR NR NR 
NR NR NR 0.23 U 0,078 U 

NR NR NR 0.15 U 0.057 U 
NR NR NR NR NR 
NR NR NR 0.68 U 0.46 U 
NR NR NR NR NR 
NR NR NR NR NR 

I-' .-;-
t:J tT1 I ~ z f") ,-; 

~ .-;- PJ --- ~ ::+> I-' 
w 0. I 

N -· • \.0 
U\ :::, 0\ 

I 
I r:n -z 
~ -,,-.., 

NR NR NR NR NR 
-0.003 U -0.002 U 0 .004 U 0.003 U -0.002 U 

9.3 8.8 7.6 13.0 12.0 

1-tj ~ PJ 
(JQ 0 
(1) s 

0.26 0.35 0.43 0.43 0.4 
NR NR NR NR NR 
NR NR NR NR NR 

- ~ 0 ....., 
i; N 

NR NR NR NR NR 
l,J r,, 

.......... 1:1,) 
NR NR NR NR NR :::, 
NR NR NR 0.65 U 0.35 U c.. 
NR Nil NR NR NR 

0,038 U 0.045 U 0.13 U 320 2.0 

t;lj 
0 
'"I 

0. 1 U 0.43 J 0.24 U 0.13 U 0.11 U 
('1) 
:::,-

0.41 0.52 0.59 0.59 0.5 0 

0.43 0.52 U 0.53 U 0.4 1 0.46 ;-
r,, 

NR NR NR NR NR 
NR NR NR NR NR 
NR NR NR 1.2 0.4 U 

0.02 1 U 0.1 U 0.047 U -0.12 U 0.25 U 
0.46 0.53 0.52 0.49 0.54 

NR NR NR NR NR 
0.2 1 U 0.27 U 0.3 U 0.22 U 0.13 U 



Reference Document.: HEIS HE IS HEIS HEIS 1-IEIS HEIS 1-IEIS 13Hl-00135 B!-11-00135 BHl-00 135 B!-11-00135 B!-11-00135 
Location: 199-N-80 199-N-80 199-N-80 I 99-N-80 199-N-80 199-N-80 199-N-80 199-N-90A 199-N-90A 199-N-90A 199-N-90A 199-N-90A 

Sample ID: B06M60 B06M37 B06M62 B072P4 D072P5 D072P7 D072P9 

Method: (Dup) 

Snmple Collected: 7/1/92 7/1/92 7/1/92 7/1/92 7/1 /92 7/1 /92 7/ 1/92 1994 1994 1994 1994 1994 
Depth (feel below grounc 

surface) : 45.47 50-52 50-52 57-59 68-70 75-77 95 .7-99 0 5 10 15 100 

~ 
~ 
O" 

Units: oCi/2 oCi/2 oCi/2 oCi/2 oCi/2 oCi/2 oCi/2 oCi/2 pCi/g pCi/g pCi/g oCili? -(I) 
Gross aloha 8.8 R 3 R 6.9 R 0.75 R 4.2 R 4.9 R 0.34 R 654 SJ Sl Sl 102 

Gross beta 19 62 NR 130 200 93 20 ND ND ND ND ND > 00 
Actinium-228 NR NR Nil NR NR NR NR NR NR NR NR NR 

I ,_. 
Amerioium-241 0.003 U 0.007 U -0.0 12 U 0.007 U 0.009 U 0.006 U OU ND ND ND ND ND 

Antimony-125 NR NR NR NR NR NR NR ND ND ND ND ND 

Bismuth-214 NR NR NR NR NR NR NR NR NR NR NR NR 

Cadmium-I 09 NR NR NR NR NR NR NR ND ND ND ND ND 

Carbon- 14 3.9 U 3. 1 U 4.2 U -2.7 U -6.3 U 0.28 U 1.6 U ND ND ND ND ND 

~ (j 
0 0 
(') t:S 
~ (') 
.... (I) 

(I) = 
Cerium-144 NR NR NR NR NR NR NR NR NR NR NR NR c., .... .., 
Cesium-1 34 0.056 U 0.13 U 0.11 U 0.12 U 0.052 U 0.048 U 0.04 U ND ND ND ND ND 
Cesium-137 0.053 U 0.094 U 0. 1 U 0. 12 U U.044 U U.037 U U.037 U U.9 ND ND ND ND 

Chromium-5 I 1.2 U 1.7 U 1.4 U 2.1 U I.I u 0.75 U 0.72 U ND ND ND ND ND 

:z a 
(I) -· ~ 0 .., = 

• 00 
I 

+>-

Cobalt-60 0.064 U 0.2 U 0. 17 U 0.41 U 0.23 0.13 0.045 U 19.8 ND ND ND ND 

Cobnlt-58 NR Nil NR NR NR NR NR NR NR NR NR NR 

Europium-I 52 0.1 U 0.2 U 0.19 U 0.24 U 0.1 5 U 0.093 U 0.083 U ND ND ND ND ND 

Europium-154 0.068 U 0. 13 U 0.12 U 0.17 U 0.098 U 0.068 U 0.055 U ND ND ND ND ND 

Eurooi um-155 NR NR NR NR NR NR NR NR NR NR Nil NR 

lron-5 9 0.33 U 0.36 U 0.42 U 0.61 U U.21 U 0.22 U 0.2 U ND ND ND ND ND 

Lend-214 Nil NR NR NR NR NR NR ND ND ND ND ND 

Mnn~•nese-54 NR Nil Nil NR NR NR NR ND ND ND ND ND 

l' lulonium • 238 0.002 U -0.012 U 0.0 15 U -0.009 U 0.004 R 0.004 U -0.003 U ND ND ND ND ND 
Plutoni um-239/240 OU 0.004 U 0.002 U -0.003 U 0.008 R 0.002 U -0.003 U ND ND ND ND ND 

PotMsium-40 13.0 8.6 9.0 12.0 13.0 14.0 12.0 2.00 6.30 8.00 7.90 ND 

Rndium-226 0.51 0.49 NR 0.27 0.34 0.43 0.4 ND ND ND ND ND 

Rndium-224DA NR NR Nil NR NR NR NR NR NR NR NR NR 

Rndium-226DA NR NR NR NR NR Nil NR NR NR NR NR NR 

..... V, 

w ~ t:J 
0 (I) 0 ..... .... 

t:J tT1 I (I) 

:z (') "'1 ~ .... p) --- (I) ..... c., ~ w I 

N -- • \0 
u, C 0\ 

I 
I r:n -:z 0 -,.--., ::::; 

>-o ~ p) 
(IQ 0 

(1) 8 
N 
~ 0 

Rndium-228 NR NR NR NR NR NR NR NR NR NR NR NR 
Radium-228DA NR NR NR NR NR NR NR NR NR NR NR NR 

>-+, ~ N 1;j" l,J 

Ruthenium-I 06 0.5 U 0.88 U 0.87 U 0.89 U 0.4 U 0.35 U 0.3 1 U ND ND ND ND ND 
,.___, 

~ 

RuU1enium• I 03 NR NR NR NR NR NR NR ND ND ND ND ND 

Strontium-90 0.3 UJ 28.0 J 2S.0 J S2.0 81.0 43 .0 1.6 ND ND ND ND ND 

Technetium-99 NR NR NR NR NR NR NR ND ND ND ND ND 

C 
Q.. 

t:o 
0 

Thoriurn-228 t.1 0.64 0.47 0.49 0.63 0.75 0.81 ND NIJ ND ND ND 

Thorium-232 0.67 0.57 U 0.77 U 0.58 U 0.59 U 0.8 0.62 0 1.3 0.7 0.3 ND 

.., 
(I) 

=-
Tin-125 NR NR NR NR NR NR Nil ND ND ND ND ND 

Tritium NR NR NR NR NR NR NR ND ND ND ND ND 

0 
;--
V, 

Urnnium-233/234 0.38 R 0.32 R 0.18 R 33 0.36 0.37 0.33 ND ND ND ND ND 

Uranium-235 OR OR -0.036 R 0.017 U OR 0.025 R 0.032 R 0 1.2 0.7 1 ND 

Urnnium-23 8 0.48 R 0.027 R 0.2 1 R 0.38 R 0.3S 0.3S 0.27 ND ND ND ND ND 

Urnnium-234 NR NR NR NR NR NR NR NR NR NR Nil NR 
Zinc-65 0. 18 U 0.35 U 0.29 U 0.3 1 U 0. 11 U 0. 12 U 0.1 U ND ND ND ND ND 



• 00 
I 

V1 

Reference Document. : 
Location: 

Sample ID: 

Method: 

Sample Collected: 
Depth (feet be low ground 

surfnce) : 
Units : 

Gross aloha 

Gro" beta 
Actinium-228 
Americium-241 
Antimony-125 

Bismuth-214 
Cadmium-I 09 
Carbon-14 
Ccrium-144 

Cesium-134 
Cesium-137 

Chromium-5 1 
Cobalt-60 

Cobnlt-58 

Eurooium-152 
Eurooium- 154 
Europium- 155 
lron-59 

Lcod-2 14 

Man~nnese-54 
Plutonium - 238 
Plutonium-239/240 

Potassium-40 

Rodium-226 

Radium-224DA 

Radium-226DA 
Radium-228 

Radium-228DA 
Ruthcnium-106 

Ruthenium-I 03 

Slrontium-90 

Technetium-99 
[Thorium-228 

Tiiorium-232 

Tin-125 

Tritium 
Uranium-233n34 

Uranium-235 

Uranium-238 
Uranium-234 
Zinc-65 

BHl-00 135 BH I-00 135 

l 99-N-90A l 99-N-90A 

1994 1994 

105 11 0 
oCi/2 oCi/2 

120 109 

ND ND 

NR NR 
ND ND 
ND ND 
NR NR 
ND ND 

ND ND 
NR NR 
ND ND 
ND ND 

ND ND 
ND ND 

NR NR 

ND ND 
ND ND 
NR NR 
ND ND 

ND ND 

ND ND 
ND ND 
ND ND 

ND ND 

ND ND 
NR NR 
NR NR 

NR NR 
NR NR 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 

ND ND 
ND ND 
NR NR 
ND ND 

BHl-00135 Bl-11-00 135 BHl-00135 Bl-11-00135 
199-N-90A 199-N-90A 199-N-9 1A 199-N-9 I A 

1994 1994 1994 1994 

115 120 10 15 
oCi/2 oCi/2 oCi/2 oCi/2 

88 125 ND ND 
ND ND ND ND 
NR NR NR NR 
ND ND ND ND 
ND ND ND ND 
NR NR NR NR 
ND ND ND ND 
ND ND ND ND 
NR NR NR NR 
ND ND ND ND 
ND ND ND ND 
ND ND ND ND 
ND ND 0.12 0.26 
NR NR NR NR 

ND ND ND ND 
ND ND ND ND 
NR NR NR NR 
NO ND ND ND 

ND ND ND ND 
ND ND ND ND 
ND ND ND ND 
ND ND ND ND 

ND ND 23.8 22 .9 
ND ND 0.74 0.73 
NR NR NR NR 

NR NR NR NR 
NR NR , NR NR 

NR NR NR NR 
ND ND ND I.HI 

ND ND ND ND 

ND ND 1.16 0.81 
ND ND ND ND 
ND ND ND ND 
ND ND 0.84 0.77 

ND ND ND ND 
ND ND ND ND 
ND ND ND ND 

ND ND ND ND 
ND ND ND ND 
NR NR NR NR 
ND ND ND ND 

BHl-0013 5 B1-11-00 135 Dl-ll-00135 BI-11-00135 
199-N-91A l 99-N-91A l99-N-92A l 99-N-92A 

1994 1994 1994 1994 

20 45 15 20 
oCi/2 oCi/2 pCi/2 pCi/g 

ND ND ND ND 
ND ND ND ND 
NR NR NR NR 
ND ND ND ND 
ND ND 0.77 ND 
NR NR NR NR 
ND ND ND ND 
ND ND ND ND 
NR NR NR NR 
ND ND ND ND 
ND ND 0.09 ND 
ND ND ND ND 

0.1 5 ND 0.37 0.13 

. NR NR NR NR 
ND ND ND ND 
ND ND ND ND 
NR NR NR NR 
ND ND ND ND 

ND ND ND ND 
ND ND ND ND 
ND ND ND ND 
ND ND ND ND 

21.5 28.8 32 .8 28.6 
0.93 1.5 1.06 0.63 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
ND . ND ND ND 
ND ND ND ND 

0.61 0.84 0.62 1.01 

ND ND ND ND 
ND ND ND ND 

1.02 2.02 1.34 0.74 

ND ND ND ND 
ND ND ND ND 
ND ND ND ND 
ND 2.84 2.63 ND 
ND ND ND ND 
NR NR NR NR 
ND ND ND ND 

DI-11-00135 BI-1 1-00135 
l 99-N-92A 199-N-93A 

1994 1994 

45 5 
pCi/g pCi/g 

ND ND 
ND ND 
NR NR 
ND ND 
ND 0.36 

NR NR 
ND ND 
ND ND 
NR NR 
ND ND 
ND ND 
ND ND 
ND 0.39 

NR NR 
ND ND 
ND ND 
NR NR 
ND ND 

ND ND 

ND ND 
ND ND 

ND ND 
12.2 23.2 
0.66 O. RJ 

NR NR 
NR NR 

NR NR 
NR NR 

4.04 ND 

ND ND 
0.81 2. 17 

ND ND 
· ND ND 

1.71 0.92 

ND ND 
ND 0.29 

ND ND 

ND ND 
ND ND 
NR NR 
ND ND 

~ 
~ 
er -~ 
> 
00 
I ...... '-.0 

0-,-., 

t'"' (j -
0 0 <...N 
~ = ...i::: 
~ ~ "-0 
~ = ..J;: 
0.. - t 
'.Z ~ .c::, 
~ ::t. co 
~ 0 -
'"I = 
...... r.,, 

~ t:, t:l 
...... ~ 0 
I~ tjtr:J z_ "'1~ 

;:::. ~ P> 
vJ 0.. ::t> 
N -· ..,.__ \0 
lf• = ,.,-- °' 
'°71 fZJ I 
.L.., 0 _. -· _. -- -;? ~ 

(JQ 0 
(1) 8 
(.;J 

0 ~ ......., ~ N= w r.,, 
'-..../ ~ 

= 0.. 
0::, 
0 
'"I 
~ 
::r' 
0 
;-
r.,, 



Reference Document.: BI-11-00 135 BHl-00 135 BI-11-00135 BHl-00135 BHJ-00135 DI-U-00135 BI-11-00135 BHl-00135 BH!-00135 BHl-00135 BH!-00135 BHl-00135 
Location: 199-N-93A 199-N-93A J99-N-93A 199-N-94A J99-N-94A J99-N-94A 199-N-94A 199-N-94A 199-N-94A 199-N-95A 199-N-95A 199-N-95A 

Snmple ID: 
Method: 

Sample Collected: 1994 1994 1994 I 0/1/94 I 0/ 1/94 10/1/94 I 0/1/94 10/1/94 10/1/94 9/1 /94 9/1/94 9/1/94 
Depth (feet below ground 

~ 
~ 

surface): 10 15 45 5 10 15 25 30 45 5 10 15 
Units : pCi/R pCi/R pCi/R pCilR pCi/g nCi/g nCi/g pCi/g nCilR pCi/2 pCi/2 pCi/g 

O"' 
;;-

Gross nlohn ND ND ND ND ND NIJ ND ND ND ND ND ND > 
Gross beta ND ND ND ND ND ND ND ND ND ND ND ND 00 

I 

Actin ium-228 NR NR NR NR NR NR NR NR NR NR NR NR ...... 
Amerioium-241 ND ND ND ND ND ND ND ND ND ND ND ND 
Ant imony- I 25 1.54 0.48 1.1 4 0.3 1 0.20 0.54 ND ND 1.04 ND ND 0.40 
Bisruuth-214 NR NR NR NR NR NR NR NR NR NR NR NR 
Cadmium-109 ND ND ND ND ND ND 3.95 ND ND ND ND ND 
Carbon-1 4 ND ND ND ND ND ND ND ND ND ND ND ND 
Cerium-144 NR NR NR NR NR NR NR NR NR NR NR NR 
Cesium-1 34 ND ND ND ND ND ND ND ND ND ND ND ND 
Ces ium-137 ND ND NIJ ND ND ND ND ND ND ND ND ND 
Chromium-5 1 ND ND ND ND ND ND ND ND ND ND ND ND 
Cohnlt-60 1.2 0.43 ND 0.996 0.497 0.30 0.38 0.21 ND 0.206 1.29 0.39 
Cobal t-58 NR NR NR NR NR NR NR NR NR NR NR NR 

re ("') 
0 0 
r') = 
~ 

r') - ~ ~ = 0,-

z ~ 
tt> :t. 
~ 0 
'"I t:S 
...... V, 

wt:, d 
0~ 0 

• 00 
1 
0\ 

Europium- I 52 ND ND ND ND ND ND ND ND ND ND ND ND 
Eurooium-154 ND ND ND ND ND ND ND ND ND ND ND ND 
Europium- 155 NR NR NR NR NR NR NR NR NR NR NR NR 
lron-59 ND ND ND ND ND ND ND ND ND ND ND ND 
Lend-2 14 ND ND ND NIJ ND ND ND ND ND ND ND ND 
Mnnganese-54 ND ND ND ND ND ND ND ND ND ND ND ND 
Plutonium • 238 ND ND ND ND ND ND ND ND ND ND ND ND 
Plutonium-239/240 ND ND ND ND ND ND ND ND ND NIJ ND ND 
Potnssium-40 22. 1 26.4 32.1 20.36 2S.3 23.0 24 .6 23.2 28.2 21.8 22.6 19.7 
Rnd ium-226 1.56 0.84 1.63 0.758 0.1156 0.RS7 1.02 0.R94 1.644 0.673 0.647 0.789 

...... -I ~ z r') 

d trJ 

---- ~~ ...... ~ 
w Q. 

N -• • \0 u,::, 
I 

0\ 

z~ 
I ...... 

-· ...... 
,-... -
"rj 
~ ~ 

uo 0 
(1) 8 

Rndium-224DA NR Nil NR NR Nil NR NR NR NR Nil Nil NR 
Rndium-226DA NR NR NR NR NR NR NR NR NR Nil Nil Nil 
Rudium-228 NR NR NR NR NR NR NR NR NR NR NR NR 
Rudium-228DA Nil NR NR NR NR NR NR NR NR Nil NR NR 
Ruthenium-I 06 1.81 ND ND ND ND ND ND ND ND ND ND ND 
Ruthenium-I 03 ND ND ND ND ND ND ND ND ND ND ND ND 

~~ ......., ~ 

~ ~ 
..__, ~ 

= Q. 
Strontium-90 22.00 6.90 0.91 36.2 51.0 15.7 9.9 5.1 2.04 1.26 37.8 2.76 to 
Techne tium-99 ND ND ND ND ND ND ND ND ND ND ND ND 0 

TI,orium-228 ND ND ND ND ND ND ND ND ND ND ND ND 
'"I 
~ 

Thorium-232 2.06 1.02 2.52 0.809 1.07 0.998 1.139 1.06 2.29 0.76 0.73 1.23 

ri n-125 ND ND ND ND ND ND ND ND ND ND ND ND 
Tritium 4.77 8.58 3.86 0.324 1.71 3.6 7.3 4 6.58 0.446 0.196 0.052 2.88 

::,"' 
0 
;;-
V, 

Urnnium-233/234 ND ND ND ND ND ND ND ND ND ND ND ND 
Urnnium-23 5 2.9 ND 5.76 ND ND ND ND ND 0.275 ND ND ND 
Uranium-238 ND ND ND ND ND ND ND ND ND ND ND ND 
Urnnium-234 NR NR NR NR NR NR NR NR NR NR NR NR 
Zinc-65 ND ND ND ND ND ND ND NIJ ND ND ND ND 



Reference Document.: BHl-00135 BHI-0013 5 BH I-00135 BHl-00135 DH I-00135 BHI-00135 BHI-00135 BHI-00135 Dl-11-00135 DHl-00135 BHI-00135 BHI-00 135 lll-11-00135 

Location : 199-N-95A 199-N-95A 199-N-95A 199-N-96A 199-N-96A 199-N-96A 199-N-96A 199-N-96A 199-N-97A 199-N-97A 199-N-97A 199-N-97A 199-N-97A 
Sample ID: 

Method: 

Sample Collected: 9/1/94 9/1/94 9/1/94 1994 1994 1994 1994 1994 1994 1994 1994 1994 1994 
Depth (feet below ground ~ 

I).) 
surface): 20 25 35 10 15 20 25 45 10 15 20 30 35 O"' 

Units: pCi/g pCi/g pCi/~ vCil~ vCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g -('I) 
Gross aloha ND ND ND ND ND ND ND ND ND ND ND ND ND > 
Gross beta ND ND ND ND ND ND ND ND ND ND ND ND ND 00 

I "-0 
Actinium-228 NR NR NR NR NR NR NR NR ND ND ND ND ND - a-.. 
Amerioium-241 ND ND ND ND ND ND ND ND ND ND ND ND ND -
Antimonv- 125 0.39 ND 0.62 ND 0. 19 ND ND ND ND ND ND ND ND 

Bismuth-2 14 NR NR NR NR NR NR NR NR ND ND ND ND ND 
Cadmium- 109 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Carbon-14 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cerium-14 4 NR NR NR Nil Nil Nil NR Nil ND ND ND ND ND 
Cesium-134 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cesium- 137 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Chromium-51 ND ND ND ND ND ND ND ND ND ND ND ND ND 

t_-'( (") 
0 0 

L>-l 

n ::, 
-I= 

I).) n "° .... ('I) 

('I) = 
,,.J:: 

0.. .... • 
z ;J 

\t=) 

(1) ::--. 

co 
I).) 0 -
'"! = 

r,...) 

• 00 
I 

-..) 

Cohalt-60 0.22 0.1 9 ND ND ND 0.05 0.43 0. 16 0. 10 ND 0.08 ND 0.09 
Cobnlt-58 NR NR NR NR Nil NR Nil Nil ND ND ND ND ND 
Europium- 152 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Euroo ium-154 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Europium-155 Nil Nil NR NR Nil NR NR NR ND ND ND ND ND 
lron-59 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Lead-2 14 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Man~ancsc-54 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Plutonium• 238 ND ND ND ND ND ND ND ND ND ND ND ND ND 

-"' ~ t:::i C, 
0 ('I) - .... 0 

I ('I) 

[~ zn --- .... 
- ('I) ~ 0.. 
N -· • \0 
u, = 
I (J} 

0\ 

Zo 
I --· -

Pluton ium-239/240 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Potnssi um-40 l R. S 19.S 19.0 D 22.7 19.S 26. R 21.2 23 .1 19.0 22 .3 24.1 ND 3R.3 

Rndium-226 0.63 2 0.617 0.77R 0. 71 0.90 1.0 0.84 0.97 0. 62 0.81 0.94 Nil 1. R2 

Rndium-224DA Nil NR NR NR NR NR Nil NR ND ND ND ND ND 

Radium-226DA NR NR NR NR Nil NR NR NR ND ND ND ND ND 

,........_ -
;? ~ 

(JQ 0 
(1) 8 
Vt 

0 ~ 
Radium-228 NR NR Nil NR NR NR NR Nil ND ND ND ND ND 

Radium-228DA NR Nil NR NR NR NR Nil NR ND ND ND ND ND 

....., ('I) 

~ ~ 
Ruthenium-I 06 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Ruthenium-I 03 ND ND ND ND . ND ND ND ND ND ND ND ND ND 

.__, I).) 

= 0.. 
Strontium-90 14.0 10.5 1.22 0.58 0.60 0.82 1.1 4 0.70 ND 0.84 0.86 ND 1.02 

Tcchnetium-99 ND ND ND ND ND ND ND ND ND ND ND ND ND 
to 
0 

Thorium-228 ND ND ND ND ND ND ND ND ND ND ND ND ND 
.., 
('I) 

'Thorium-232 0.72 0.75 1.1 6 0.7 0.84 I.OJ 1.05 1.33 0.65 1.08 1.25 NR 2.52 ::r 
Tin-1 25 ND ND ND ND ND ND ND ND ND ND ND ND ND 

Trit ium 2.3 0.952 11 .8 0.05 0.03 0. 19 0.14 0.8 ND ND ND ND ND 

0 
;;-
"' 

Urnnium-233/234 ND ND ND ND ND ND ND ND ND ND ND ND ND 

Uranium-235 ND ND ND ND 2.22 ND 3 .69 ND ND ND ND 1.9 5.55 
Urnnium-238 ND ND ND ND ND ND ND ND ND ND ND ND ND 
Urnnium-234 NR Nil NR NR NR NR NR NR ND ND ND ND ND 
Zinc-65 ND ND ND ND ND ND ND ND ND ND ND ND ND 



• 00 
I 

00 

Reference Document.: 
Location: 

Somple ID: 

Method: 

Sumple Collected : 
Depth (feet below ground 

surface): 
Units: 

Gross alpha 

Gross hcta 
Actinium-228 
Americium 241 

Antimony-125 
Bismuth-214 

Cn<lmium-1 09 

C•rbon 14 
Cerium-14 4 

Cesium 134 
Cesium 137 

Chromium 51 
Cobnh 60 
Cobn lt-5 8 
Europium 152 
Europium 154 
Europium-155 

Iron 59 
Lead-2 14 
Mnn~nncsc-54 
Plutonium • 238 
Plutonium 239/240 
Potnssium 40 

llodium 226 
llndium-224OA 
Rudium-226DA 
Rudium-228 
Rudium-228DA 

Ruthenium 106 
Rutheniun,- 103 
Strontium 90 
Technetium 99 

Thorium 228 

11,orium 232 

Tin-125 

Tritium 

Uranium 233/234 

Uronium 235 
Uranium 238 

Uranium-234 
Zinc 65 

Q11RntC1Tft PNNL 
199-N-103A 199-N- 103A 

BOOR.I<? 103N55-51 
ST ST 

1/30/95 2/1/95 

29-32 55 -56.5 
pCi/g pCi/g 

10.24 NR 
26.3 NR 

NR NR 
Nil NR 

NR NR 

NR NR 

Nil NR 
NR NR 
NR NR 

Nil Nil 

0.00079 U NR 
Nil NR 

0.00186 U NR 

0.0003 1 U NR 
0.00•159 U Nil 

0.0 141 U NR 

0.0468 NR 
0.00291 U NR 

NR NR 

NR NR 
NR NR 
NR NR 

15.4 NR 

0.452 NR 
0.595 NR 

NR NR 
0.701 NR 

NR NR 

NR NR 

NR NR 
0.0399 U 0.56 

NR NR 
NR NR 
NR NR 
NR NR 

28 1 U NR 
NR NR 
NR NR 

0.518 NR 
NR NR 
NR NR 

EAL Quantcrra PNNL 
199-N-103A 199-N-103A 199-N-103A 

103N55-57 BOOR.KS 103N60.5-62 

ST ST ST 

2/1/9 5 2/2/95 2/2/95 

55-57 59-60.5 60-61.5 
pCi/g pCi/g pCi/g 

NR 5.79 NR 
NR 25.4 NR 
NR NR Nil 

2.8 U NR NR 

1.9 U Nil NR 

NR Nil Nil 

NR Nil Nil 

NR NR NR 

4.2 U NR NR 
U.95 U NR NR 

0.86 U 0.0159 NR 

Nil Nil NR 

0.95 U 0.149 NR 

NR 0.00821 U NR 

7.3 U 0.00334 U NR 

3.2 U -0.005 U NR 

2.3 U 0.0166 U Nil 

Nil 0.00459 U NR 

Nil NR NR 
Nil NR NR 
NR NR Nil 

110,000 U NR NR 

10 U 15.4 NR 

NR 0.368 NR 
NR 0.451 NR 
NR NR NR 

Nil 0.461 Nil 

NR NR NR 
7.4 NR NR 

NR NR Nil 
Nil 2.26 2.54 
NR NR NR 

NR NR NR 
3.3 U NR NR 

NR NR NR 

NR 127,000 NR 

NR NR NR 

4.5 U NR NR 

130 U NR NR 

NR NR NR 
NR NR NR 

EAL Qunnterro EAL PNNL PNNL EAL PNNL 
199-N-103A 199-N-103A 199-N-IU3A 199-N-IU3A 199-N-103A 199-N-103A 199-N-103A 

103N60.5-62 OOOR.K9 103N65-67 103N65-67 103N65-67 103N70-72 103N70-72 
ST ST ST ST ST (Dup) ST ST 

212195 216/95 213/95 2/3195 2/3/95 217/95 217/95 ..., 
60-61.5 65-67 65-67 65-65 .5 65-65.5 70-72 70-71.5 
pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

NR 15.4 NR NR NR NR NR 
NR 337 NR NR NR NR NR 

~ er -('I) 
> 
00 

NR NR NR Nil Nil NR Nil I ,_. 
2.8 U NR 3.3 U Nil NR 3.1 U Nil 
1.9 U NR 2.1 U NR Nil 2.1 U NR 

NR NR NR NR Nil NR Nil 
NR NR NR NR NR NR NR 
NR NR NR Nil NR Nil NR 

3.7 U NR 4.7 U NR NR 4.5 U NR 
0.93 U NR 1.2 U NR NR IU NR 
U.91 U U.020 1 0 .82 U Nil NR 0.95 U NR 

Nil NR NR NR NR NR NR 
I.I U 0.617 1.2 U NR NR 1.2 NR 

Nil 0.0104 U NR NR NR Nil NR 
4.5 U -0.0254 1J 6 U Nil NR 6.5 U NR 
3.5 U 0.0293 U 3.8 U Nil NR 3.9 U NR 
2.2 U 0.0466 U 2.7 U NR NR 2.5 U Nil 

NR -0 .035 U Nil NR NR NR NR 
NR NR NR NR NR NR NR 
NR NR NR Nil NR NR NR 
Nil Nil NR NR NR NR NR 

110,000 U NR 130 000 U NR NR 120,U00 U Nil 

~ (j 
0 0 
I") = ~ I") 
.... ('I) 

('I) = Q., .... 
"'1 

:z a 
('I) .... 
~ 0 
"'1 = ,_. V, 

w t;:j t:J 
0 ('I) 0 ,_. .... 

t:J tn I ('I) 

'Z I") .., 
~ ---

.... Pl ,_. ('I) ::t:> w Q., I 

N .... • '° U\ = 0\ 
I 

I rn 'Z 8. --- -
17 16.2 12 U NR NR I U U Nil 

NR 0A69 NR Nil NR OU NR 
Nil 0.59 2 Nil Nil NR NR NR 

'"O ~ Pl 
00 0 
(1) a 

NR Nil NR Nil Nil NR NR 
Nil 0.665 NR NR NR NR NR 
NR NR NR NR NR NR NR 

6.6 U NR 7U Nil NR 6.9 U NR 

°' ~ 0 ......, 
~ N 

w V, 

'--' ~ 
NR Nil NR Nil NR NR NR = Nil 153 Nil 120.48 119 NR 80.322 Q., 

NR NR NR NR NR NR NR co 
NR NR NR NR NR NR NR 

0 
"'1 

2. 1 U NR 2.8 U NR NR 2.1 U NR 
NR NR NR NR NR NR NR 

('I) 

::r 
0 

NR 84,800 NR NR NR NR NR -('I) 
NR NR NR NR NR NR NR 

V, 

4.2 U NR 5 U NR NR 4.5 U NR 
110 U NR 120 U NR NR 120 U NR 

NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR 
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Reference Document.: 

Location: 

Sample ID: 

Method: 

Snmple Collected: 
Depth (feet below ground 

surface): 
Units: 

Gros, alpha 
Gro5! hctn 

Actinium-228 

Ameri ci um 241 

Antimony- I 25 

Bismuth-2 14 
Cadmium- 109 

Cnrbon 14 

Cerium-144 
Cesium 134 
Cesium JJ7 
Chromium 51 
Cobalt 60 
Cobalt-58 
Euronium 152 
Europium 154 

Europiurn-1 55 
Iron 59 

Lend-214 

Man~nnese-54 
Plutonium• 238 
Plutonium 239/24() 

Potassium 40 

Rndium 226 
llndium-224DA 
Rndium-226DA 

Redium-228 

Redium-228DA 
Ruthenium I 06 

Ruthenium-I 03 

Strontium 90 
Technetium 99 
Thorium 228 
Thorium 232 

Tin-1 25 
Tritium 
Urnnium 233/234 

Uranium 235 
Uranium 238 
Ureni um-234 
Zinc 65 

PNNL EAL 
199-N-103A 199-N-103A 

103N7S-77 103N7S-77 

ST ST 
2/8/95 2/8/95 

75-76.5 75-77 
pCi/g pCi/g 

NR NR 
NR NR 

NR NR 

NR 0.27 U 

NR 0. 1 U 
NR NR 
NR NR 

NR NR 

NR 0.29 U 
NR 0.041 U 

NR 0.043 U 
NR NR 
NR 0.07 U 

NR NR 
NR 0.1 9 U 

NR 0. 16 U 

NR 0. 17 U 

Nil NR 
Nil Nil 

NR NR 

NR NR 

NR 7,100 U 

NR 15 
NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR 0.36 U 

NR NR 
3. 194 NR 

NR NR 

NR NR 
NR 0.52 
NR NR 

NR NR 

NR NR 
NR 0.3 U 
NR 5.2 U 
NR NR 
NR NR 

Quantcrrn EAL PNNL PNNL 
199-N-103A 199-N-1 03A 199-N-103A 199-N-1 03A 

BODRLO 103N80-82 103N80-82 ! 03N85-87 

ST ST ST ST 
2/9/95 2/9/95 2/9/95 2/22/95 

77-78 80-82 81 -82 85-87 
pCi/g pCi/g pCi/g pCi/g 

2.8 1 U NR NR NR 
23.6 NR NR NR 

NR NR NR NR 
NR 0.44 U NR NR 

NR 0. 15 U NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR 0.46 U NR NR 
NR 0.074 U NR NR 

0.00435 U 0.068 U NR NR 
NR NR NR NR 

0.0678 0. 11 NR NR 
0.00469 U NR NR NR 
-0.0 112 U 0.36 U NR NR 
-0.0283 U 0.19 U NR Nil 
0.0288 U 0.29 U NR NR 
-0.006 U NR NR NR 

NR NR NR NR 
NR Nil NR NR 
NR NR NR NR 
NR 12,000 U NR NR 

9.5 14 NR NR 
0.301 NR NR NR 
0.394 NR NR NR 

NR NR NR NR 
0.424 NR NR NR 

NR NR NR NR 

NR 0.59 U Nil NR 

NR NR NR NR 
0.976 NR 0.88 0.621 

NR NR NR NR 

NR NR NR NR 
NR 0.57 NR NR 
NR NR NR NR 

59,400 NR NR NR 
NR NR NR NR 
NR 0.4 5 U NR NR 

NR 9.3 U NR Nil 
NR NR NR NR 
NR Nil NR Nil 

EAL EAL EAL PNNL EAL EAL 
199-N-103A 199-N-103A 199-N-1Cl3A 199-N-103A 199-N-104A 199-N-104A 
103N85-87 103N90-92 103N95-97 103N95 -97 104A-1 0 104A-20 

ST ST ST ST Gb Gb 
2/22/95 2/23/95 3/2/95 3/2/95 2/16/95 2/17/95 ..., 
85-87 90-92 95-97 95 .5-97 10 20 
pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR NR NR 
NR NR NR NR NR NR 

1:1) 

c:r -~ 
> 
00 

NR NR NR NR NR NR 
0.48 U 0.41 U 0 .5 U NR 0.43 U 0.49 U 

I ,._o - a.... 
0.32 U 0.16 U 0.18 U NR 0.16 U 0.2 U 

NR NR NR NR NR NR 
NR NR NR NR NR NR 
NR NR NR NR NR NR 

0,51 U 0.41 U 0.5 U NR 0.52 U 0.44 U 
0.084 U 0.077 U 0.099 U NR 0.068 U 0.06 1 U 
0.048 U 0.059 U 0.067 U NR 0.05 U 0.065 U 

Nil NR NR NR NR NR 
0.094 U 0.069 U 0.08 1 U NR 0.1 U 0.093 U 

NR NR NR NR NR NR 
0.47 U 0.28 U 0. 25 lJ NR 0.42 U 0.44 U 
0.26 U 0.27 U 0.22 U NR 0.25 U 0.3 1 U 
0.33 U 0.26 U 0.3 U NR 0.28 U 0.28 U 

Nil NR NR NR Nil NR 
NR NR NR NR Nil Nil 
NR NR NR NR NR NR 
NR Nil NR NR NR NR 

r-c (j L>.I 
0 0 ....i:::: n i:, 

'° 1:1) n -J:: - ~ ~ = • 0..- c:l "1 
:z a co 
~ .... -1:1) 0 '-N 
"1 = - V, 

w t:::! t::J 
0 ~ 0 -- t::J tn I ~ :z n '"1 ~ - p) --- ~ ::ti - Q.. w I 

N s· • \0 
U1 0\ 

I 
I r.,J -:z 0 -13,000 U 12,000 U 14 000 U NR 13 000 U 12,000 U 

.... 
,,-,_ -13 12 12 NR II 10 

NR NR Nil NR 0 U NR 
NR NR NR NR NR Nil 

'7j 
~ p) 

(JQ 0 
(1) 8 

NR NR NR NR NR NR 
NR NR NR NR NR NR 

--l 
~ 0 

H) ~ 

NR NR NR NR NR NR 
0.54 U 0.53 U 0.73 U NR 0.62 U 0.7 U 

N --vJ V, .___, 
I:>) 

NR NR Nil Nil NR NR = NR NR NR 0.41 NR NR Q.. 

NR NR Nil NR NR NR t:o 
NR NR NR NR NR NR 0 

"1 
0.64 0.44 0.55 NR 0.55 0.38 

NR NR NR NR NR NR 

~ 
::r-
0 

NR Nil Nil NR NR NR -~ 
NR NR NR NR NR NR 

V, 

0.56 U 0.36 U 0.55 U NR 0.56 U 0.52 U 
NR 9U 8.6 U NR 7.2 U 8.0 U 
NR NR NR NR NR NR 
NR NR NR NR NR NR 
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Reference Document.: 

Location: 
Sample ID: 

Method: 

Sample Collected: 
Depth (feet below ground 

surface) : 
Units: 

Gros, alpha 

Gross hcta 
Actinium-228 
Americium 241 
Antimonv- 125 
Bismuth-2 14 
Cadmium-109 
Carbon 14 
Cerium-144 
Cesium 134 
Cesium 137 
Chromium 51 
Cahall 60 
Cobalt-58 
Europium 152 
Europium 1 54 
Europium-1 55 
Iron 59 
Lead-2 14 
Mnn~anese-54 
Plutonium • 238 
Plutonium 239/240 
Potassium 40 
Rad ium 226 
Rndium-224DA 
Radium-226DA 
RaJium-228 
Radium-228DA 
Ruthenium 106 
Ruthenium-I 03 
Strontium 90 
Technetium 99 
Thorium 228 
lnorium 232 
Tin-125 

Tritium 

Uranium 233/234 
Uranium 235 
Uranium 238 
Uranium-234 
Zinc 65 

EAL Quanterra 
199-N-104A l99-N-104A 

l04A-30 BODRLl 

Gb ST 

2/2 1/9 5 2/22/95 

30 31-33 
pCi/g pCi/g 

Nil 6.25 

NR 14.3 

Nil NR 
0.42 U NR 
0.14 U NR 

NR NR 

Nil NR 
Nil NR 

0.37 U NR 
0.068 U NR 

0.06 U -0 .00118U 

NR NR 
0.061 U 0.00567 U 

NR -0.00186 U 
0.4 U 0.011 1 U 

0.24 U -0.0166 U 

0.24 U 0.00548 U 
NR -0.00665 U 
NR NR 

NR NR 

Nil NR 
11 ,000 ll NR 

R.7 7.1 
NR 0.276 

NR 0.349 

NR NR 
NR 0.376 
NR NR 

0.57 U NR 
NR NR 

NR 0.105 U 
NR NR 
NR Nil 

0.47 NR 
NR NR 

NR 73.9 U 

NR NR 
0.39 U NR 
7.7 U NR 

NR NR 
NR NR 

EAL EAL PNNL 
199-N-1 04A l 99-N- 104A 199-N-104A 

104A-40 104A-50 104A-58-60 

Gh Gb ST 

2/23/95 2/24/95 2/24/95 

40 50 58.5-59.5 
pCi/g pCi/g pCi/g 

Nil Nil Nil 

Nil Nil NR 
NR NR NR 

0.39 U 0.32 U NR 
0.14 U 0. 11 U NR 

NR NR Nil 
NR NR NR 
NR NR NR 

0.46 U 0.37 U NR 
0.07 U 0.056 U NR 

0.063 U 0.05 U NR 
NR NR NR 

0.083 U 0.069 U NR 
NR NR Nil 

0.5 U 0.29 U Nil 
0.24 U 0.16 U NR 
0.26 U 0.23 U Nil 

NR NR NR 

NR Nil NR 
Nil NR Nil 

NR NR NR 
11 ,000 U 9,700 U NR 

9.3 H.1 NR 
NR 0 U NR 
NR NR NR 

NR NR NR 
NR NR NR 
Nil NR NR 

0.54 U 0.45 U NR 
NR NR NR 
NR NR 0.485 

NR NR Nil 
NR Nil NR 

0.51 0.37 NR 

NR NR NR 
NR NR NR 

NR NR NR 

0.43 U 0.39 U NR 

7.8 U 5.4 U NR 
NR NR NR 
NR NR NR 

EAL EAL PNNL EAL PNNL Quanterra Qunntcrrn 
l99-N-104A 199-N-l04A l 99-N- 104A l99-N-l04A l99-N-104A 199-N-l04A 199-N-104A 

104A-60 104A-65 104A/63-65 104A-70 104A/68-70 BODRL2 BODRL3 
Gb Gb ST ST ST ST ST (Dup) 

2/27/95 2/27/95 2/27/95 2/28/95 2/28/95 3/1/95 3/1/95 

~ 
GO 65 64-65 70 69-70 73.5-76 73.5-76 

pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR NR 6.44 4.7 U 
NR NR NR NR NR 30.9 21.4 

:.) 

O" -(b 

> 
00 

NR NR NR NR NR NR NR I ..... 
0.44 U 0.33 U NR 0.5 U NR NR NR 
0.14 U 0.13 U NR 0.2 U Nil Nil NR 

NR NR NR NR NR Nil NR 
NR NR NR Nil NR Nil NR 
NR Nil NR Nil NR NR NR 

0.41 U 0.4 U NR 0.54 U NR NR NR 
0.072 U 0.058 U NR 0.093 U NR NR NR 
0.068 U 0.057 U NR 0.085 U NR 0.00734 U -0.009 U 

NR NR NR NR Nil NR Nil 
0.096 U 0.062 NR 0.18 Nil 0.138 0.137 

Nil NR NR NR NR 0.00389 U -0.015 U 
0.36 U 0.3 U NR 0.59 U NR -0.007 17 U ·0.028 U 
0. 17 U 0.2 1 U NR 0.29 U NR 0.01 27 U -0 .005 U 
0.27 U 0.25 U NR 0.36 U NR 0.0338 U 0.025 U 

Nil NR NR NR NR -0.02 17 U 0.037 U 
NR NR NR Nil NR Nil NR 
NR NR NR NR NR NR NR 
Nil NR NR NR NR NR NR 

~ Ci 
0 0 
n :, 
:.) n 
- (b (b :, 

Q. -'"I 

~~ 
(b -· :.) 0 

'"I = -c,:, 

w t:; t:J 
0 (b 0 -- t:J tTJ I (b 

~ n ""1 ~ ...__ - Pl -(b :=t:> w Q. I 

N -· • \0 
Ul = 0\ 

I 
I rJ) ,_. 
~ 0 

,_. 
12,000 U 11 .000 U NR 15,000 U Nil NR NR ,--.... =-: 

IS 12 NR 19 NR 19.S 0.60-1 
NR OU NR OU NR 0.32 -0.08 U 
Nil NR NR NR NR 0.542 0.415 

'"O ~ Pl 
00 0 
Cl) a 

NR NR NR Nil Nil NR NR 
NR NR NR NR NR 0.627 0.62 

00 

~ 0 ....., (b 

NR NR Nil Nil Nil Nil NR 
0,65 U 0.53 U NR 0.74 U NR Nil NR 

N -l,J 1n" 
'--' ~ 

NR NR NR Nil NR NR NR = Nil NR 0.613 NR 1.318 1.17 0.25 U Q. 

NR Nil Nil Nil Nil NR NR ti:, 
NR NR Nil Nil NR NR NR 0 

'"I 
0.46 0.36 NR 0.67 Nil NR NR 

NR NR NR NR NR NR NR 

(b 

::r 
0 

NR NR NR NR NR 20,200 0.336 U -(b 

NR NR NR NR NR NR NR 
c,:, 

0.44 U 0.43 U NR 0.55 U NR NR NR 
8.4 U 5.5 U NR NR NR 0.87 0.05 U 

NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR 



• 00 
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Reference Document. : 

Location: 

Sample ID: 
Method: 

Sample Collected: 
Depth (feet below ground 

surface): 
Units: 

Gross aloha 
Gross beta 
Actinium-228 

Americium 24 1 

Anlimonv-125 
llismuth-214 
Cndmium-1 09 
Carl,on 14 
Cerium-14 4 
Cesium 134 
Cesium 137 
Chromium 51 
Cobnlt 60 
Cohelt-5R 
t-:uror,ium 152 
Europium 154 

Eurooium-155 
Iron 59 
Lencl-2 14 
Mnn~nncsc-54 
Plutonium• 238 
l'l11t uni11n1 23!>/240 
Potassium 40 
ll•dinm 226 
Rndium-224DA 
Rndi 11111-226DA 

Radium-228 

Radium-228DA 

Ruthenium I 06 
Ruthenium-I 03 
Strontium 90 
Technetium 99 

lnorium 228 
l11orium 232 
Tin-1 25 
Tritium 
Uranium 233/234 
Ur•nium 235 
Uranium 238 
Uranium-234 
Zino 65 

Qunnterrn EAL 
199-N-104A 199-N-104A 

B0DRL4 104A-75 

ST (Dup) ST 
3/1/95 V28/95 

73 .5-76 75 
pCi/g pCi/g 

7.78 NR 
33.6 NR 

NR NR 
NR 0.48 U 

NR 0.17 U 
NR NR 
NR NR 
Nil NR 
NR 0.5 U 
NR 0.078 U 

0.00667 U 0.085 U 
NR NR 

0.124 0.13 
0.00 159 U NR 

0.0 1 U 0.33 U 
0.0268 U 0.3 U 
0.0307 U 0.3 U 

0.00 157 U NR 
NR Nil 
Nil Nil 
NR NR 
NR 13 uuu U 

18 17 
0.3 17 NR 
0.542 Nil 

NR Nil 

0.496 NR 

NR NR 
NR 0.56 U 
NR NR 

0.97 NR 
NR NR 

Nil NR 
NR 0.4 
NR NR 

20 000 NR 
NR NR 
NR 0.51 U 
NR 7.9 U 

NR NR 
NR NR 

PNNL PNNL PNNL EAL 
199-N-104 A 199-N- 104A 199-N-104A 199-N- 104A 
104A/73-75 104N79-81 104A/79-8 1 104A-80 

ST ST ST (Dup) ST 
2/28/95 3/3/9 5 3/3/95 3/3/95 

74-75 79.5-80 .5 79.5 -80.5 80 
pCi/g pCi/g pCi/g pCi/g 

NR NR NR Nil 

NR NR NR Nil 
NR NR NR NR 
NR NR NR 0.4 1 U 

Nil Nil Nil 0. 13 U 
NR NR NR NR 
NR NR NR NR 
NR NR Nil NR 
NR NR Nil 0.4 1 U 
NR NR NR 0.06 U 
NR Nil NR 0.048 U 
Nil NR NR Nil 
Nil Nil NR 0.069 
NR NR Nil NR 
NR NR NR 0.27 U 
NR NR Nil 0.26 U 
Nil Nil NR 0.26 U 
NR NR Nil NR 
Nil NR NR Nil 
Nil Nil NR Nil 
NR Nil Nil Nil 
Nil NR NR 10,UUU U 
NR NR NR 14 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

NR NR NR NR 
NR NR Nil NR 

NR NR NR 0.57 U 
NR NR Nil NR 

1.005 0.577 0.531 NR 
Nil NR NR NR 
NR Nil NR NR 
NR NR NR 0.5 
NR Nil NR NR 
NR Nil NR NR 
NR NR NR NR 
NR Nil Nil 0.42 U 
NR NR NR 6.7 U 
NR NR NR NR 
NR NR Nil Nil 

PNNL EAL Quanterra PNNL EAL EAL 
l 99-N- 104A 199-N-1 04A 199-N- 104A 199-N-1 04A 199-N-1 04 A 199-N- 105A 

I 04N84-84.5 104A-85 B0DRL5 104N89-90 104A-90 105A-1 0 
ST ST ST ST ST GI, ~ 

3/8/95 3/8/95 3/10/95 3/10/95 3/10/95 3/16/95 ~ 
O"' 

84-84.5 85 89-9 1 89.5-90.5 90 10 ~ 
pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

Nil NR 7.79 NR NR NR 
> 
00 
I 

~~~ 

Nil NR 21.7 NR NR NR - 0----. -NR NR NR Nil Nil NR 
NR 0.38 U Nil NR 0.37 U 0.39 U 
NR 0.1 5 U NR NR 0.13 U 0.16 U 

Nil NR NR NR NR NR 
NR NR NR NR NR Nil 
Nil Nil NR NR NR NR 
NR 0.38 U NR NR 0.41 U 0.46 U 
NR 0.058 U NR NR 0.062 U 0.059 U 
Nil 0.051 U -0.00344 U Nil 0.056 U 0.067 U 
Nil Nil NR Nil Nil NR 
Nil 0.075 U 0.04 YM Nil 0.072 U 0.082 U 

~ ('j 
0 0 

CJ,,} 

l"l = -I= 

~ l"l '° ... ti) 

ti) = 
-I= 

0. ... 
:to 

z~ 
C:l 

~ e-. 
co 

~ 0 -., = 
...r::::. 

-(J) 

w t::, v 
0 ti) 0 

Nil Nil 0.00582 U NR Nil Nil 
Nil 0.34 U 0.0 128 U Nil 0.3 U 0.25 U 
Nil 0.27 U 0.0366 U Nil 0.19 U 0.24 U 
Nil 0.26 U 0.0247 U NR 0.26 U U.3 1 U 
Nil Nil 0.00265 U Nil NR NR 
NR NR NR Nil Nil Nil 
NR NR NR NR NR NR 
Nil Nil NR NR NR NR 
NR 10 0110 IJ Nil NR 9,300 U 13000 U 

Nil 10 14.7 Nil 13 11 

-... I ti) v tn z l"l --- ... ~~ - ti) w 0. 
N ,... • \0 
VI 0 
I 

0\ 

z VJ 
I 

0 
....... 

-· ....... 
,,......._ -
;? ~ 

(JQ 0 
~ 9 

Nil Nil 0.349 NR NR 0 U 
Nil Nil 0.554 NR Nil Nil i~ 
NR Nil NR Nil Nil Nil 

>-+, ti) N= NR NR 0.582 NR Nil Nil l,.) <J> 

NR NR NR NR Nil NR 
NR 0.47 U NR NR 0.43 U 0.6 U 

'--' ~ 

= 0. 
NR NR NR Nil NR NR 

0.435 NR 0.00059 U 0.231 NR 1.5 
t;o 
0 

NR NR NR NR NR NR 
., 
ti) 

NR NR NR NR NR NR ::r 
Nil 0.45 NR Nil 0.42 0.56 
NR NR NR Nil NR NR 

0 
~ 
(J) 

NR NR 14,300 NR NR Nil 
NR NR NR NR NR NR 
NR 0.4 1 U NR NR 0.42 U 0.46 U 
NR 6.7 U NR NR 6.2 U 9.1 U 
NR NR NR NR NR NR 
NR NR NR Nil NR NR 



>-
00 

I ...... 
N 

Reference Document. : 
Location: 

Snmple ID: 
Method: 

Sample Collected: 
Depth (feel below ground 

surface) : 
Units: 

Gross alpha 

Gross beta 
Actinium-228 
Americium 241 
Antimony-125 
Oismuth-2 14 
CRdmium- 109 
Cnrbon 14 
Cerium•l 44 
Cesium 134 
Cesinm 137 

Chrom ium 51 
Cobnlt 60 
Colrn lt-5 8 
Europium 152 
Europium 154 
Europi um•! 55 
Iron 59 
Len<l-2 14 
Mnn(!nnc:se•S4 
Plutonium - 23R 
l' luto11 iu111 239/240 

Potnssium 40 

Radium 226 
llndium-224DA 
llndium-226DA 

Radium-228 

Rndium-228DA 
Ruthenium I 06 
Ruthenium-I 03 
Strontium 90 
Technetium 99 
·11,orium 228 

Thorium 232 

Tin-125 
Tritium 
Uranium 233/234 

Un111iu111 23 5 
Uranium 238 
Uranium-234 
Zino 65 

EAL EAL 
199-N- 105A 199-N- 105A 

105A-1 5 105A-20 
GI, Gb 

3/16/95 3/17/95 

15 20 
pCi/g pCi/g 

NR NR 

NR NR 

NR NR 
0.33 U 0.42 U 

0. 15 U 0.13 U 

NR NR 
NR NR 
Nil NR 

0.4 1 U 0.44 U 
0.053 U 0.06 U 
0.046 U 0.05 1 U 

Nil Nil 
0.075 U 0.08 1 U 

Nil Nil 

0.28 U 0.35 U 
0.18 U 0.22 U 
0.24 U 0.25 U 

NR Nil 
NR Nil 
NR NR 
Nil NR 

10,000 U 11,UOO U 

11.0 10.0 

NR NR 
Nil NR 
NR Nil 

NR NR 
NR Nil 

0.48 U 0.55 U 

NR NR 
0.87 0.64 

Nil NR 
Nil Nil 

0.44 0.53 

NR NR 
NR Nil 

NR NR 

0.42 U 0. 42 U 
5.2 U 5.2 U 

NR NR 
Nil Nil 

EAL EAL Quanterra EAL 
199-N-105 A 199-N-105A 199-N-1 05A l 99-N- 105A 

105A-25 105A-30 BODRL6 I 05A-35 

Gb GI, ST GI, 

3/20/95 3/21 /95 3/21/95 3/21/95 

25 30 34-36 35 
pCi/g pCi/g pCi/g pCi/g 

NR NR 7.7 NR 

NR NR 16. 1 NR 
NR NR NR NR 

0.4 1 U 0.29 U NR 0.34 U 

0.12 U 0.095 U NR 0.14 U 

NR NR N R NR 

NR NR NR NR 
NR NR Nil NR 

0.46 U 0.36 U NR 0.39 U 
0.068 U 0.06 U Nil 0.044 U 
0.065 U 0.039 U 0.00295 U 0.04 1 U 

Nil Nil Nil NR 
0.074 U 0.057 U 0.00269 U 0.08 U 

NR NR 0.00265 U NR 
0.23 0.29 U -0.0025 U 0.35 U 
0.26 U 0.19 U 0.0104 U 0.27 U 

· 0.28 U 0.21 U 0.0 169 U 0.25 U 
NR NR 0.00215 U Nil 
NR NR Nit Nit 
NR Nil Nil NR 
NR N R NR Nil 

11,000 U 10,000 U NI( 10,000 U 
11.0 7.1 9.22 8.5 

NR OU 0.353 NR 
NR NR 0A 9S NR 
NR NR NR Nit 

NR NR 0.497 NR 
NR NR NR NR 

0.44 U 0.48 U Nil 0.5 U 

NR Nil NR NR 
0.34 1.1 0.0724 U 1.8 

NR NR NR NR 
Nil NR NR Nil 

0.55 0.38 Nil 0.42 

NR NR NR NR 

NR NR 148 U NR 
Nil NR NR NR 

0.46 U 0.37 U NR 0.41 U 

6.5 U 6.7 U 0.498 S U 
NR NR NR NR 
Nil Nil Nil Nil 

PNNL EAL PNNL EAL EAL PNNL . 
199-N-105A 199-N-1 05A 199-N-1 05A 199-N-105A 199-N-105 A 199-N-10 5A 

105A-40 105A-40 I 05A-45 I 05A-45 105A-50 105A/5 1-53 
Gt, Gt, Gb Gb Gb ST 

3/22/95 3/22/95 3/22/95 3/22/95 3/22/95 3/24/95 

..., 
~ 
O" -40 40 45 45 50 51-52 ~ 

pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g > 
NR NR NR NR NR NR 00 

I 

NR NR NR NR NR NR 
,_. 

NR NR NR NR NR NR 
NR 0.35 U NR 0.4 U 0.74 U NR 
NR 0.12 U NR 0.18 U 0.18 U NR 
NR NR NR NR NR NR 
NR NR Nil Nil NR NR 
NR NR NR NR NR NR 
Nil 0.39 U Nil 0.46 U 0.77 U NR 
Nil 0.049 U Nil 0.043 U 0.068 U Nil 
NR 0.043 U NR 0.059 U 0.062 U Nil 
NR NR NR Nil NR NR 
NR 0.076 U Nil 0.093 U 0.12 U NR 
NR NR Nil NR NR Nil 
Nil 0.3 \J Nil 0.38 U 0.26 U Nil 
Nil 0. 19 U Nil 0.28 U 0.16 \J NR 
Nil 0.24 U Nil 0.26 U 0.51 U Nil 
Nil Nil Nil Nil NR NR 

t"' ('j 
0 0 
n = ~ n - ~ 

~ = o.-
z ~ 
~ -~ -· 0 ., 

= ,_. V, 

w t::, d 
0 0 ,_. ~ 
I - d tr:1 z ~ 

~ 
n ..., 

--- - Pl ,_. 
~ ::i:, w 0. I 

N -· >- I..O 
Ul = °' I I 

NR NR NR Nil NR NR 
NR NR NR Nil NR Nil 
NR NR Nil NR NR NR 
NR 8,700 U NR 11,000 lJ 17 000 U Nil 
NR 8.7 NR 13 10 NR 
NR NR NR NR NR NR 
NR NR NR Nil NR Nil 
NR NI( Nil NR Nil N R 

z rJ) ...... 
0 ...... 

,,---. ::.: 
"O 

=t' Pl 
00 0 (1) 

3 ...... 
0 ~ 0 
I-+) ~ -NR NR NR NR NR NR 

Nil Nil Nil NR NR Nil 

t-v -V, 
l..;J 

~ '--' 
Nil 0.43 U Nil 0.61 U 0.62 U NR 
Nil NR Nil NR NR Nil 

0.419 3.1 0.392 3.1 14 43 1 

= 0. 
0::, 
0 

NR NR NR NR NR Nil 
NR NR NR NR NR NR 

., 
rb 
::r 

NR 0.29 NR 0.4 0.29 NR 0 -NR NR Nil NR Nil Nil rb 
V, 

NR NR Nil NR Nil Nil 
NR NR Nil NR NR Nil 
NR 0.39 U NR 0.48 U 0.78 U Nil 
NR 6 U NR 7.8 U 7.6 U NR 
NR NR Nil NR NR NR 
Nil Nil Nil Nil Nil NR 



• 00 
I ....... 

w 

Reference Document.: 
Location: 

Sample ID: 
Method: 

Snmple Collected : 
Depth (feet below ground 

surface) : 
Uni t.: 

Gross aloha 
Gross beta 
Actinium-228 
Americium 241 
Anlimony- 125 
Bismuth-214 
Cadmium-109 
Carbon 14 
Cerium-144 
Cesium 134 
Cesium 137 
Chromium 51 
Cobalt 60 
Cohnlt-58 
l!uro1>iu111 152 
Europium 154 
Eurooium-1 55 
lroo 59 
Lend-214 
Mnn~nncsc-S4 

Plutonium• 238 
l' lut u11i111 11 239/2•10 
Potassium 40 
Radium 226 
Rndium-224DA 
Rndium-226DA 
Radium-228 
Rndium-228DA 
Ruthenium I 06 
Ruthenium-I 03 
Strontium 90 
rechnetium 99 
lnorium 228 
n,orium 232 
Tin- 125 
Tritium 
Uranium 233/234 
Uranium 235 
Uranium 238 
Uro.nium-234 
Zinc 65 

PNNL Quonterro 
199-N-105A 199-N-105A 
l 05A/5 1-53 B0DRL7 
ST (Dup) ST 
3/24/95 3/24/95 

51 -5 2 51-53 
pCi/g pCi/g 

NR 4.17 

NR 1680 

NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR -0.0144 U 
NR NR 
NR 1.52 
NR 0.00386 U 
NR -0.0293 U 
NR 0.0274 U 
NR -0.0362 U 
NR 0.0321 U 
NR NR 
NR NR 
NR NR 
NR NR 
NR 11.2 

NR 0.266 

NR 0.413 
NR NR 
NR 0.474 
NR NR 
NR NR 
NR NR 

503 709 
NR NR 
NR NR 
NR NR 
NR NR 
NR 16,200 

NR NR 
Nil NR 
NR NR 
Nil NR 
NR NR 

PNNL EAL PNNL EAL 
199-N-105A 199-N-105A 199-N-105A 199-N-105A 
I 05Al54-56 105A-55 I 05Al59.5-G U l05A-60 

ST GI, ST ST 
3/27/95 3(27/95 3f28/95 3(28/95 

54.5-55 .5 55 59.5-61.5 GO 
pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR 1.2 U NR I.I U 
NR 0.27 U Nil 0.27 U 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR 1.2 U NR I.I U 
NR 0.074 U NR 0.12 U 
NR 0.085 U NR 0.11 U 
NR NR NR NR 
NR 0.7 U NR 0.67 U 
NR NR Nil NR 
NR 0.6 U Nil 0.59 U 
NR 0.24 U NR 0.43 U 
NR 0.84 U NR 0.76 U 
NR NR NR NR 
NR NR NR NR 
NR NR Nil NR 
NR Nil NR NR 
NR 2H ,000 U NI( 25 ,000 U 
NR 12 .0 NR 18.0 

NR NR NR NR 
NR NR Nil NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR 0.71 U Nil 0.8 U 
NR NR NR NR 

136 60 149 43 
NR NR NR NR 
NR NR NR NR 
NR 0.41 NR 0.43 
NR NR NR Nil 
NR NR NR NR 
NR NR NR NR 
Nil 1.2 U NR I.I U 
NR 12 U NR II U 
Nil NR Nil Nil 
NR NR NR NR 

EAL PNNL Qunnterr• EAL PNNL PNNL 
199-N- 105A 199-N- 105A 199-N-105A 199-N-105A 199-N-105A 199-N- 105A 

105A-65 I 05A/65-67 B0DRL8 105A-70 l05 A/70-72 l05A/70-72 
GI, ST ST ST ST ST (Dup) 

3/30/95 3/30/95 4/4/95 3/31/95 3/31 /95 3/31 /95 
~ 
~ 
O"' 

65 66-67 70-72 70 7 1-72 71-72 ~ 
pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g > 

NR NR 9.49 NR NR NR 
NR NR 262 NR NR NR 

00 
I ',..O ..... 

Ci'. 
NR NR NR NR NR NR 

0.89 U NR NR 0.71 U NR NR 
0.19 U NR NR 0. 15 U NR NR 

NR NR NR NR NR NR 
NR NR NR NR NR NR 
NR NR NR NR NR NR 

0.85 U NR NR 0.72 U NR NR 
0.068 U NR NR 0.072 U NR NR 
0.078 U NR -0.00233 U 0.06 U NR NR 

t"" () -LN 
0 0 ....i::: f") = ~ ~ f") .... n> _;;;: 
n> = • Q., .... 

c:l '.Z ~ D:J 
n> .... 
~ 

.... 
0 u, '"1 = NR NR NR NR NR NR 

0.1 7 U NR 0.148 0.15 U NR NR 
NR NR -0 .013 U NR NR NR 

0.41 U NR -0.00 17 lJ 0.25 U NR NR 
0.23 U NR 0.0235 U 0.25 U NR NR 
0.62 U NR 0.0156 U 0.49 U NR NR 

NR NR -0 .0465 U NR NR NR 
Nil Nil Nil NR NR Nil 
NR NR NR NR Nil Nil 
NR NR NR NR NR NR 

2 1,000 U Nil Nil 17 000 lJ Nil NI( 
13.0 NR IS.4 11.0 Nil NR 

NR NR 0.359 NR NR Nil 

..... c,, 
uJ t::1 t:1 
0 0 ..... n> 
I .... 

t:1 tn n> '.Z f") >-; 

~ -- .... $:I) ..... n> ~ uJ Q., I 
N s· • \() u, 0\ 

I I 

'.Z r:n >-' 

~ 
>-' 

,.-.,. 
1-rj 
~ $:I) 

00 0 
(l) 

8 >-' 

NR NR 0.579 NR NR NR 
NR Nil NR NR NR NR 
NR NR 0.536 NR NR NR 

>-' 

~ 0 
>-+, ~ N c,, 

NR NR NR NR Nil NR 
\..,..) 

~ 

-----0.69 U NR NR 0.52 U NR NR 
NR NR NR NR NR NR 

so 91 114 24 IOI 112 
NR NR NR NR NR NR 

= Q., 

tt, 
0 
'"1 

NR NR NR NR NR NR n> 
::r 

0.41 NR NR 0.43 NR NR 0 -NR Nil NR NR NR NR n> 
NR NR 68,700 NR NR NR 

c,, 

NR NR NR NR NR NR 
0.87 U NR NR 0.71 NR NR 

8.3 U NR NR 6.7 U NR NR 
NR NR NR NR NR NR 
NR NR NR NR NR NR 



>-
00 

I 

Reference Document. : 
Location: 

Sample ID: 

Method: 
Sample Collected: 

Depth (feet below ground 

surface): 
Units : 

Gross alpha 

Gross beta 
Actinium-228 
Americium 241 

Anlimonv- 125 
l)ismuth-2 14 

Cadmium- 109 
Curbon 14 
Cerium-144 
Cesium 134 
Cesium 137 
Chromium 51 
Cobalt 60 
Cohnlt-58 
Euro r,i11111 152 

Europium 154 
Europium-15 5 
Iron 59 

Lend-2 14 
Mnnnnncsc-5 4 
Plutonium - 23X 
l'l11to11it1111 239/2tl0 
Potnss iurn 40 
Roclium 226 
Rudium-224DA 
Rndium -226D A 
Rod ium-228 
Rndium-228 D A 

Ruthenium 106 
RuU,enium- l OJ 

Strontium 90 
Technetium 99 
Thorium 228 

Thorium 232 
Tin-125 
Tritium 

Uranium 233/234 

Uranium 235 
Uunium 238 
Uranium-234 
Zinc 65 

PNNL EAL 
199-N-105A 199-N-1 05A 
105 A74-75.5 105A-75 

ST ST 

416/95 4/6/9 5 

74 .75 75 
pCi/g pCi/g 

NR NR 

NR NR 

NR NR 
NR 0.55 U 

NR 0.13 U 
NR NR 

NR NR 
NR NR 
NR 0.57 U 
NR 0.054 U 
NR 0.048 U 
NR NR 
NR 0.095 U 

NR NR 

NR 0.37 U 
NR 0.23 U 
NR 0.39 U 

NR NR 

NR NR 
NR NR 
NR NR 
NR 13,0UO U 
NR 9.1 
NR NR 

NR NR 
NR NR 
NR NR 

NR NR 

NR 0.4 1 U 

NR NR 
70 5.7 

NR NR 

NR NR 

NR 0.39 

NR NR 

NR NR 
NR NR 

NR 0.58 U 

Nil 6.1 U 

NR NR 
NR NR 

PNNL EAL EAL PNNL 
199-N-105A 199-N-105A 199-N-105A 199-N-105A 

105A/80-8 U 105A-80 105A-85 105N85-87 

ST ST ST ST 
4/12/9 5 4/ 12/9 5 4/ 13/95 4/ 13/95 

80-81 80 85 85.5-86.5 
pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR 
NR NR NR NR 

NR NR NR NR 
NR 0.42 U 0.39 U NR 
NR 0.15 U 0. 12 U NR 
NR NR NR Nil 
NR NR Nil NR 
NR NR NR NR 

NR 0.46 U 0.4 1 U NR 
NR 0.073 U 0.058 U NR 
NR 0.055 U 0.055 U NR 
NR NR NR NR 
NR 0.092 U 0.067 U NR 
NR NR NR NR 

NR 0.27 U 0.27 U NI{ 

NR 0.25 U 0.2 1 U NR 
NR 0.28 U 0.26 U NR 
NI{ NR NR NR 

NR Nil NR NR 
NR NR Nil NR 
NR NR NR NR 

NR 13,0UU U 9,700 U NR 
NR II JO Nil 
NR NR NR NR 

NR NR NR NR 
Nil NR Nil NR 
NR NR NR NR 

NR NR NR NR 

NR 0.59 U 0.52 U NR 

NR NR NR NR 
11.5 2.6 U 1.9 1.7 

NR NR NR NR 

NR NR NR NR 

NR 0.54 0.46 NR 
NR NR Nil Nil 
NR NR NR NR 
NR NR NR NR 

Nil 0.48 U 0.47 U NR 
NR 7.1 U 6.5 U NR 

NR NR NR NR 
Nil NR NR NR 

Quontcrra PNNL EAL PNNL EAL EAL 
199-N-105A 199-N-105A 199-N-105A 199-N-1 05A 199-N-106A 199-N-106A 

DUDRL9 105N90-92 105A-90 105N95-97 106A-15 106A-25 
ST ST ST ST Gb Gh 

4/13/95 4/ 17/95 4/17/9 5 4/18/95 8/10/95 8/11 /95 ,-i 
:,) 

85-87 90.5-91.5 90 96-97 15 25 a' -pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g ~ 

6.78 NR NR NR NR NR > 
46.3 NR NR NR NR NR 00 

I 

NR NR NR NR NR NR -NR NR 0.4 U NR 0.36 U 0.39 U 
NR Nil 0. 12 U NR 0.18 U 0.1 6 U 

~ (j 
0 0 

NR NR NR NR NR NR 
NR NR NR NR NR NR 
NR NR NR NR NR NR 
NR Nil OA U NH 0.5 U 0.46 U 
NR NR 0.074 U NR 0.071 U 0.067 U 

0.00396 U NR 0 .067 U NR 0.078 U 0.055 U 
NR Nil NR NR NR NR 

r, = ::,., r, .... ~ 
~ = 
Q.. -z; 
~ -C>) 

.... 
0 

"'! = -V, 

0.0~83 NR 0.09 U NJ( O. l U 0.086 U 
-O.Otl432 U NR NR NH NR NR 

-0 .0 143 U Nil tl .26 U NR 0.5 U 0.42 U 
-0.00742 U NR 0.23 U NR 0.23 U 0.22 U 

0.0 157 U NR 0.25 U NR 0.3 U 0.25 U 
0.00434 U NR NR NR NR NR 

NR NR NR NR NR NR 

w t::, u 
0 0 -~ 
I - u tn z ~ 

~ 
r, '"1 

--- .... Pl -~ ::ti w Q.. I 
N .... >- \0 u, = 0\ 
I I 

NR NR NR NR NR NI{ 
NR NR NR NR NR NR 
NI{ NR 10 ,000 U NR 12,0tlO l J I J.000 U 

0.4H8 NR 10 NR 11 10 
0.35 NR NR NR NR 0 U 

NR NR NR NR NR NR 
NR NI( NI( Nil NR Nil 

0.47 l NR NR NR NR NR 

z [/) ...... 
8. ...... 

,........_ 
"'O -
Pl :;" 

UQ 0 
Cb 3 ...... 
N ~ 0 
H) !!. 

NR NR NR NR NR NR 
NR NR 0.53 U NR 0.43 U 0.62 U 
NR NR NR NR NR NR 

N -V, 
L,J 

:,) '--"' 

= Q.. 
13 2.9 2.J U 0.8 NR NR 

NR NR NR NR NR NR 
0::, 
0 

NR NR NR NR NR NR "'! 
~ 

NR NR 0.5 NR 0.58 0.45 ::r-
NR NR NR NR NR NR 

17,300 NR NR NR NR NR 

0 
~ 
V, 

NR NR NR NR NR NR 
NR NR 0.44 U NR 0.52 U 0.49 U 
NR NR 5.2 U NR 8.5 U 7.9 U 
NR NR NR NR NR NR 
NR NR NR NR NR NR 



Reference Document.: EAL EAL EJ\L EAL Quanterrn EAL Qunnterrn EAL Quanterra EJ\L Qunnterra EAL 
Location: 199-N-l 06J\ 199-N-1 06J\ 199-N-106J\ 199-N-l 06J\ I 99-N- l 06J\ 199-N-l 06J\ 199-N-I 06J\ l 99-N-106A 199-N-106A 199-N-106A 199-N- 106A 199-N-106J\ 

Sample ID: 106J\-35 l06A-45 106A-55 106A-65 BOGGB6 106A-75 BOGGB7 I 06A-8 5 BOGGB8 106A-l03 BOGGCl 106A-l 15 

Method: Gb Gb Gb Gb ST ST ST ST ST Gb ST Gh 

Sample Collected: 8/ 14/95 8/ 16/95 8/16/95 8/17/95 8/2'})95 8/2'})95 8/23/95 8/23/9 5 8/25/95 8/26/95 8/26/9 5 8/28/9 5 ~ 
Depth (feet below grounc 

surfnee) : 35 45 55 65 73-75 75 83-85 85 96-98 103 105-108 II 5 

:., 
0--Units: pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

Gross aloha NR NR NR NR 5.43 NR 9.06 NR 9.68 NR 7.51 NR 

Gros, beta NR NR NR NR 649 NR 464 NR 372 NR 51 0 NR 

tt> 

> 00 ·-.:.o I 

Actinium-228 NR NR NR NR NR NR NR NR NR NR NR NR - Oi",, 

Americium 241 0.41 U 0.41 U 0.41 U 0.45 U NR 1.2 U NR 0.48 U NR 0.8 U NR 0.3 5 u 
Antimonv-1 25 0.14 U 0.14 U 0.16 U 0. 18 U NR 0.3 U NR 0.12 U NR 0.21 U NR 0.13 u 
Bismuth-214 NR NR NR NR NR NR NR NR NR NR NR NR 

Cndmium-109 NR NR NR NR NR NR NR NR NR NR NR NR 

C"rbon 14 NR NR NR NR NR NR NR NR NR NR NR NR 
Cerium-144 0.46 U 0.4 U 0.48 U 0.56 U NR I.I u NR 0.49 U NR 0.85 U NR 0.31 u 
Cesium 134 0.077 U 0.076 U 0.076 U 0.09 U NR 0.12 U NR 0.047 U NR 0.06 1 U NR 0.1 u 
Cesium 137 0.062 U 0.064 U 0.073 U 0.063 U -0.0039 U 0,088 U -0 .0163 U 0.043 U 0.0 199 0.093 U 0.0 11 3 0.095 u 
Chromium 51 NR NR NR NR NR NR NR NR NR NR NR NR 

-~ (i c.....N 
0 0 -.s= n = '° :., n .... tt> ..,.i= 
tt> = t 0.. .... c.::, z '"'I :., co 
tt> .... --· :., 0 a--. '"'I = -r,, ,_ 

-,. >-
00 

I ....... 
V, 

,. 

Coball 60 0.079 U 0.057 U 0.13 U 0.16 U 0.6~1 0.46 U 0.302 0.23 U 0AS3 0. 15 U 0.272 0.22 I] 

Cohnlt-58 NR NR NR NR 0.11055 NR -0.0173 U NR 0.015 NR -0 .0 105 u NR 

Euro1>iu111 152 0.27 U 0.33 U 0.39 U 0.34 U -0.009•1 U 0.58 U -0 .00276 U tl. 19 U -0.00907 U 0.54 U 0.00IH~ 0.06 u 
Europium 154 0.22 U 0.20 U 0.24 U 0.25 U 0.0 107 0.34 U 0.00629 0.16 U 0.00911 0.28 U 0.0202 0.10 II 

Europiurn- 15.5 tl .27 U 0.27 U 0.29 U tl .3 1 U 0.0 105 0.78 U U.OOHSH 0.33 U -0.00503 U 0.54 U ti.OJ 52 0.34 u 
Iron 59 NR NR NR NR O.OUOH NR 0.110597 NR -0.0135 U NR U.02~3 NR 

Lcad-214 , NR NR NR NR NR NR NR NR NR NR NR NJ( 

w t::, ~ 
0 0 - tt> 

I .... 
~ tr1 z tt> 

~ 
n "'1 -- .... Pl - tt> ~ w 0.. I 

N s· >- \,() 
UI 0\ 

I I 

Man~anese-54 NR NR NR NR NR NR NR NR NR NR NR NR 
Plutonium • 238 NR NR NI( NR -0.11489 II NR 0 U NR -0.0 136 U NR -0 .0112 u NR 

1'l11loni11 111 239/240 11 ,000 U 13,000 U 13 .000 U 13,000 U 0 U 28,000 U -0.0 ,122 U 12.000 U 0.122 ?.O,llllO II -0.U J 11 u 0.3 I u 
Potassium 40 9.2 9.2 11 I S 14 .5 9.2 15.G G.S 15.4 14 18.4 1.3 

Radium 226 NR NR NR NR 0.362 NR 0.289 NR 0.52 9 NR 0.31 NR 

Rudium-224DA NR NR NR NR 0.463 NR 0.382 NR 0.809 NR 0.543 NR 

l(ndium-226DA NI( NR NR NR NR NR NR NR NR NR NR NR 

llndium-228 NR NR NR NR Nil Nil NR NR NR NR NR NR 

Rndium-228D A NR NR NR NR 0.577 NR 0.4 5 NR 0.863 NR 0.558 NR 
Ruthen ium I 06 0.55 U 0.6 1 U 0.49 U 0,6] U NR 0.88 U NR 0.4 U NR 0.73 U NR 0.1 u 
Ruthenium- ] 03 NR NR NR NR NR NR NR NR NR NR NR NR 

z r,i ....... 
0 ....... 

,......_ -· >tj -
Pl :;" 

00 0 
(1) 

8 -vJ 
~ 0 ......, ~ 

I✓ r,, 
vJ :., ..__, 

= 0.. 
Stront ium 90 NR NR NR NR 2 10 NR 78.8 NR 11 8 NR 52.2 NR 

Technetium 99 NR NR NR NR NR NR NR NR NR NR NR NR 
t:o 
0 

·n,orium 228 NR NR NR NR 0.49 1 NR 0.369 NR 0.8 NR 0.57 NR '"'I 
tt> 

Thorium 232 0.48 0.38 0.49 0.48 NR 0, 59 NR 0.3 1 NR 0.64 NR 0.58 ::r 
Tin-125 NR NR NR NR NR NR NR NR NR NR NR NR 

Tritium NR NR NR NR NR NR NR NR NR NR NR NR 

0 
;--
r,, 

Uranium 233/234 NR NR NR NR NR NR NR NR NR NR NR NR 

Uranium 235 0.47 U 0.45 U 0.46 U 0.5 U NR 0. 12 U NR 0.5 U NR 0.87 U NR 0.31 u 
Urnnium 238 8.6 U 5.9 U 6.6 U 8.2 U NR 15 U NR 4.6 U NR 8. 1 U NR 0.096 I] 

Urnnium-234 NR NR NR NR NR NR NR NR NR NR NR NR 
Zinc 65 NR NR NR NR NR NR NR NR NR NR NR NR 



• 00 
I ...... 

0\ 

Reference Documenl. : 

Location: 

Sample ID: 

Method: 

Snmple Collected: 
Depth (feet below ground 

surfoce): 
Uni ts: 

Gross alpha 

Gross beta 

Actinium-228 

Americium 24 1 

Antimonv-125 

Bismulh-214 

Codmium-109 

Cnrbon 14 

Cerium-144 

Cesium 134 

Cesi um 137 

Chromium 51 
Cobalt 60 
Coholt-58 
Europium 152 

Europium 154 

E11ro11it1111 -15 5 
Iron 59 

Leud-214 
iVlnn (!ancsc-54 

Pl111011i11111 - 238 
Pl11to11 i11111 239/240 

Potnss ium 40 
Rnd ium 226 

Rudium-224DA 

R11d iu111-226DA 

Rndium-228 

Rnd ium-228DA 

Ruthenium 106 
Ruthenium- I 03 

Strontium 90 
Technetium 99 
·nwrium 228 

Thorium 232 
Tin-125 

Tritium 

Uranium 233/234 

Uranium 235 

Uronium 238 

Urnnium-234 
Zinc 65 

222-S 222-S 

199-N-107A 199-N-107A 

BOGGC3• BOGLF4 

8/25/95 11/29/95 

NIA 9-11 
pCi/g pCi/g 

13,900 941 
305,000 63 ,700 

NR NR 
17,300 856 

NR NR 
NR NR 
NR NR 

NR NR 

NR 456 U 

NR 97.9 U 

102 ,000 12,100 

NR NR 
56,300 I 07,000 

NR NR 
NR NR 

1 l ,Nl10 1,030 

41211 355 

NR NR 

NR NR 

NR 1,10 U 

NR NR 
12 ,700 NR 

NR 422 U 

NR 1,410 U 

NR NR 
N il NR 

NR NR 

NR NR 

NR 1,930 U 

NR NR 
92 299 3,250 

NR NR 

NR 5 270 U 

NR NR 

NR NR 
NR NR 
NR NR 

NR NR 
NR NR 

NR NR 
NR NR 

222-S 222-S 222-S 

199-N-107A 199-N-107A 199-N- 107A 

BOGLF5 BOGLF7 BOGLF6 

11 /30/9 5 12/5/95 12/5/95 

11-13 23 28-30 
pCi/g pCi/g pCi/g 

38,200 2.52 U 2.18 U 

60,600 4,310 2,810 

NR NR NR 

1,130 NR NR 

NR NR NR 
NR NR NR 
NR NR NR 

NR NR NR 

402 U 11.2 U 6. 5 U 

87.8 U 2.61 0.282 U 

15,100 2,790 S.HI 

NR NR NR 
132,000 23.9 S.82 

NR NR NR 

NR NR NR 

1.3711 0.978 U 0.557 U 

3 0~ 5.55 1 J 2.0 1 u 
NR NR NR 

NR NR NR 
127 U 0.568 U 0.265 U 

NR NR NR 

6S9 NR NR 

457 U 0.11 7.02 U 

I 260 U 45 U 6.77 U 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

1,740 U 29 U 4.81 U 

NR NR NR 

12 600 1,170 1,550 
NR NR NR 

4 650 U 152 54.2 U 

NR NR NR 
NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 
NR NR NR 

222-S 222-S 222-S 222-S 222-S Quanterrn 
\ 99-N-107A 199-N-107A 199-N-107A !99-N-107A 199-N-107A 199-N-107A 

BOGLF8 (Dup) BOGLF9 BOGLGO BOGLG I BOHIV6 BOGL88 

12/5/95 12/6/95 12/6/9 5 12/8/95 12/8/95 9.0-11.0 
~ 
~ 
O" 

28-30 40 50 57-59 -69 11/29/95 ('I) 

pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g > 
3.39 U 1.44 U 0.968 U 1.96 U 2.77 1,980 00 

I 
2,490 1,680 145 124 123 128,000 -NR NR NR NR NR NR 

NR NR NR NR NR 1,110 
NR NR NR NR NR NR 
NR NR NR NR NR NR 
NR NR NR NR NR NR 
NR NR NR NR NR NR 

NR 2. 51 U 1.17 U 2.44 U 2.45 U -130 U 
0.225 U 0.097 U - 0.076 U 0.144 U 0.161 U 31.1 U 

5.69 0.14] lJ NR 0.'11 U 0.421 U 15,HOO 

t"" ('j 
0 0 
n = ~ n .... ('I) 

('I) = 0., .... 

:z iJ 
('I) .... 
~ -· 0 
""I = NR NR NR NR NR NR 

5.25 1.2 0.786 1.15 0.709 139,000 
NR NR NR NR NR -1 20 U 
NI( NR NR NR NR 2.85 U 

0.567 U 0.286 U 0.29~ U 0.52•1 U U.<19 U 990 
I.NS U 0.7 16 U 0 332 U 0.703 U 0.697 U 207 

NR NR NR NR NR 139,000 

NR NR NR NR NR NR 
0.258 U 0.097 U 0. 1(15 U 0.24 1 U 18.3 U 56 .8 U 

NR NR NR NR NR 226 
NR NI( NR NR NR 1,S9fl 

NR 11.6 2.05 16.9 17 HH 
9.28 IJ 3.36 U 2.07 U 4.94 U 4.53 U NR 

-fl} 

(.>J t=1 tJ 0 0 - ('I) 
I .... 

tJ tTJ :z ('I) 

~ 
n ~ 

----
.... P> - ('I) ::i:, (.>J 0., I 

N -· • \0 
Ul = 0\ 
I I :z rr.i 

0 ...... 
,........_ :=.: 
>-tj 

:;, P> 
{/0 0 
(I) 

8 ..... 
NR NR NR NR NR NR 
NR N il Nil NR NR I 04 lJ 

~ ~ 0 ...., !!. 
NR NR NR NR NR NR 
NR NR NR NR NR NR 

N -fl} vJ 
~ ..__., 

4.69 U 1.85 U 1.76 U 3.52 U 3.36 U 103 U 
NR NR NR NR NR NR 

1,350 1,080 188 63.1 54.6 9,560 
NR N R NR NR NR NR 

= 0., 

ti, 
0 
""I 

50.4 19.9 U 8.84 U 20.6 U 18.2 U 35.5 U 
('I) 
::,-

NR NR NR NR NR 62.2 U 0 
NR NR NR NR NR NR ;--
NR NR NR NR NR NR 

fl} 

NR NR NR NR NR NR 
NR NR NR NR NR 0.677 U 

NR NR NR NR NR -0.226 U 
NR NR NR NR NR 10.5 U 
NR NR NR NR NR NR 



Reference Document .: Qu:mtcrra Qunntc: rTll Qunntcrra Quanterra Qu antcrra 222-S 222-S 222-S 222-S 222-S 222-S 
Location: 199-N- 107A 199-N-107A 199-N-1 07A 199-N-107A 199-N- 107A 199-N-1081\ 199-N- I0NA 199-N-1081\ 199-N- 1081\ 199-N- I0 RA 199-N- I 08A 

Sample ID: 130GL89 130GL91 D0GL92 (Dup) U0GL94 (ED) D0GL95 U0GLD2 JJ0GI.D5 • 0GLO3 [J0ULD4 (Doop) l.l(KiLD6 B0GLD7 
Method: 

Sample Collcctccl : . 11.11-IJ .II 2R.0-30 .0 28.11-30 .0 NIA 57.0-5 9.0 11/9/9 5 11/9/95 11/10/95 11 /10/95 11/1 U/95 11/10/95 ~ 
Depth (feel hel ow grouood 

surfitcc): 11/30/95 12/5/95 12/5/95 12/8/95 12/8/95 14.5-1 6.5 18 23-25 23-25 28 32.5 

~ 
O" -Units : pCi/g pCi/g pCi/g pCi/g pCi/g pC i/g pCi/g pCi/g pCi/g pCi/g pC i/g 

Gross alph11 2,530 7.43 6.43 U 3.62 U 6.61 1.4 51.1 1.33 U 1.45 U 1.31 U 1.3 8 U 
Gross bel11 13 1,000 4,4R0 5,120 2.88 293 2,280 l 7,600 2,690 2,770 435 22H 
Aclinioom-228 NR NR NR NR NR NR NR NR NR NR NR 

(!) 

> 00 
'--0. I ..... O"-,, 

Americium 241 l ,050 NR NR NR NR NR NR NR NR NR NR 
Anlimony-125 NR NR NR NR NR NR NR NR NR NR NR 
Bismuth-214 NR NR NR NR NR NR NR NR NR NR NR 
Cadmium- 109 NR NR NR NR NR NR NR NR NR NR NR 
Carbon 14 NR NR NR NR NR NR NR NR NR NR NR 
Cerium- 144 62.9 U -0.57 U 0.0968 U -0 .103 U -0.0378 U 66 .7 U 107 U 22 U 15.5 U 12 U 6.89 U 

-t"-< (j c..,.J 
0 0 --= n = -.....0 ~ n -&:. 
- (!) 
(!) = ,. 
0.. - c::) z ~ co 

• 00 
I --...J 

Cesium 134 4.84 U -0.01 U -0.0 459 U -0.00734 U -0.0177 U 5.54 U 17.1 1.5 u 1.32 U 0.962 U 0.622 U 
Cesium 137 12,500 2.46 6.01 U.0116 U 0.0 144 U 3,200 15,700 l0R 8H H .1 1.34 U 
Chromium 51 NR NR NR NR NR NR NR NR NR NR NR 
Coba lt 60 120,000 4.96 5.57 -0.00425 U 1.29 522 3,300 10.4 14.2 3.53 0.999 U 
Cohalt-5R - I 00 lJ 0.0383 U -0 .00793 U -11 .0553 lJ 0.0 116 NR NR NR NR NR NR 
Euronium 152 71.7 U 0.0936 U -0 .207 U 0.0453 U 11 .0341 U NR NR NR NR NR NR 
Europium 154 807 0.155 U 0.1 47 U -0.0017 U 0.0133 U 9.05 U 18.3 U 3.99 U 3.64 IJ 2 .2 U 1.6 1 U 
Europ ium-15 5 141 0.0209 U 0.133 U 0.0359 U 0.0 133 U 16.1 U 24. 1 U 6.09 U 4.21 U 3. 18 U 1.66 IJ 
Iron 59 120,000 4.96 5.57 -0.00425 U 1.29 NR NR NR NR NR NR 
Le•d-2 14 NR NR NR NR NR NR NR NR NR NR NR 
M• nganese-54 19.3 U 0.0983 U 0.047 U -0.0 11 6 U 0.0357 U 5.05 U 9.49 U 1.35 U 0.978 U 0.943 U 0.59 1 U 

(!) - -~ 
.... -..... 0 "1 = ..... /J) 

t::1 (;J~ 
0 (!) 0 ..... - t::1 tTJ I (!) 

Zn ~ ~ ..._ -..... (!) 
(;J 0.. ::ti, 
N ,.., • '-0 y1 = 0\ 

I z rn -0 
Plutonium - 238 465 -0.00126 U 0.00823 U -0.000822 U U.00339 U NR 11.2 NR NR NR NR 
Plutonium 239/240 3,340 0,023 U 0.0708 0.00472 U -U .U0 156 U NR 73.7 NR Nil NR Nil 
Potass ium 40 SSA 9.33 9.93 OARR 15. 7 43 . 1 U 43 ,3 U 48.4 U 13 U 35 .4 U 15.7 U 
Radium 226 NR NR NR NR NR 121 U 200 U 36. 1 U 27. 1 U 20.8 U 11 .7 U 

,,-.._ .... 
"i:::I -p, ..., 

(JQ "1 
(1) 0 _s 

Rod ium-224DA NR NR 0.552 U 0.0857 0.H5 NR NR NR NR NR NR 
Rad ium-226DA 25 U 0.346 J 0.369 J 0.189 J 0.365 .J NR NR NR NR NR NR 
Rotd ium-228 NR NR NR NR NR NR NR NR NR NR NR 
R11dium-228DA NR NR NR NR 0,562 NR NR NR NR NR NR 
Ruthenium l 06 -425 U 0.403 U -0.203 U -0 .092,1 U -0 .14 6 U 109 U 18-1 U 31..1 U 16. 1 U 20 U 10.6 U 

v-. ~ 
0 (!) 

H--, -
l'-J vi' 
~~ 

= 
Ruthenium-I 03 NR NR Nil NR Nil NR NR NR NR NR NR c., 

Strontium 90 19,700 1,530 1,310 0 ,077 1 U 50 139 ?HS 1,410 1,380 195 11 9 t;i:, 
Technetium 99 NR NR NR NR NR NR NR NR NR NR NR 0 

"1 
TI1orium 228 144 U 0.47 0.402 0.179 0.462 427 U 651 U 165 U 115 U 81 U 51.7 U 
·n,orium 232 -156 U 1.08 0.388 U NR 0.624 NR NR NR NR NR NR 

(!) 

::r 
0 

Tin-1 25 NR NR NR NR NR NR NR NR NR NR NR -(!) 
Tritium NR NR NR NR NR NR NR NR NR NR NR Vl 

Uran ium 233n34 NR NR NR NR NR NR NR NR NR NR NR 
Ura nium 235 -0.672 U 0.0227 U 0.00386 U 0.00388 U 0.0 193 U NR NR NR NR NR NR 
Uranium 238 9.99 U 0.363 0.441 0 .0 127 U 0.36~ NR NR NR NR NR NR 
Urnnium-234 5.12 U 0.414 0.479 0.0347 0.302 NR NR NR NR NR NR 
Zinc 65 NR Nil Nil NR NR NR NR NR Nil NR NR 



• 00 
I -00 

Reference Document. : 

Loc•lion: 

Sample ID: 

Method: 

Sample Collected: 
Depth (feet below ground 

surfnce): 
Units: 

Gross alpho 
Gross beta 

Actinium-228 
Americium 24 1 

Antimonv- 125 

llismuth-214 
Cndmium- 109 

C11rbo11 14 
Cerium-1 44 
Cesium 134 
Cesium 137 
Chromium 51 
Cobalt 60 
Cohnlt-5R 
Europium 152 
Europium 154 

E.uropium• l 55 
Iron 59 
Le:id-2 14 
M:1nl!:1nesc•S4 

Plut on ium• 238 
Plutonium 23~n40 
Potnssium 40 
Rnclium 226 

Rndiurn-224D A 
Radium-226DA 
Rndium-228 

Rndium-228D A 

Ruthenium 106 
Ruthe,tium-103 
Strontium 90 

Technetium 99 

Thorium 228 
TI1orium 232 

Tin-1 25 

Tritium 
Uranium 233n34 

Uranium 23 5 
Uranium 238 
Uranium-234 
Zinc 65 

222-S 222-S 

199-N-l OSA 199-N-lOSA 

BOGLD8 BOGLD9 

11/15/95 11/1 S/95 

42-44 47 
pCi/g pCi/g 

1.02 U 1.86 U 

80.9 34.8 

NR NR 
NR NR 

NR NR 
NR NR 

NR NR 
NR NR 

7.42 U 9.32 U 
0.536 U 0.808 U 

1.73 U 2.27 U 
NR NR 

0.832 U 0.976 U 
NR NR 
NR NR 

2.24 U 3. 11 U 
1.98 lJ 2 .12 lJ 

NR NR 

NR NR 
0.589 U 0.969 U 

NR NR 

NR NR 
27. 1 U 35 .2 U 
12.9 U 16.2 U 

NR NR 

NR NR 
NR NR 
NR NR 

12.6 U 14.4 U 

NR NR 
24.6 4.33 

NR NR 

48 .9 U 63.5 U 

NR NR 

NR NR 
NR NR 

NR NR 

NR NR 
NR NR 
NR NR 
NR NR 

222-S 222-S 222-S 222-S 
199-N-lOSA 199-N-108A 199-N-108A 199-N-108A 

BOGLFO BOGLF l BOGLF2 BOGLF3 

11 / 1 S/95 11/1 S/95 11/16/9 5 11/16/95 

52 59.5 62-63.5 69 
pCi/g pCi/g pCi/g pCi/g 

2.46 U l.53U 1.65 1.47 U 
20 537 272 74 

NR NR NR NR 
NR NR NR NR 

NR NR NR NR 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

10.1 U 11.1 U 8.47 U -0 .0378 U 
0.688 U 0.855 U 0.827 U 0.463 U 

1.7 U 2.52 U 2.06 U I.R6 U 
NR NR NR NR 

1.37 U 1.77 U 0.983 U 0.604 U 
NR NR NR NR 
NR NR NR NR 

3.76 U 3.74 U 1.92 U 2.4 1 U 
2.(,8 l J 2 .62 tJ · 2.21 u 1. 8 U 

NR NR NR NR 
Nil NR NR NR 

0.988 U 0.876 U U.719 U 0.765 U 
NR NR NR NR 
NR NR NR NR 

12.6 U 25. 1 U 16.6 U 30 U 
21.R U 20.3 U 14.7 U 14.1 U 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

18.9 U 17.6 U 15 .8 U 13.6 U 

NR NR NR NR 
1.38 239 24.7 129 

NR NR NR NR 
75.4 U 74.6 U 61.7 U 50.4 U 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

Quantcrrn Qu•ntcrrn Qu11nterra Qunntcrra Qunnterra 
199-N- lO RA 199-N-108A 199-N-108A 199-N-108A 199-N-1 08A 

BOGL71 BOGL73 BOGL75 (Dup) BOGL81 BOGL86 

14.5-16.5 23-25 23-25 42-44 62-63.5 ""'j 
ta) 

11 /9/95 11 /10/95 11 /10/95 11 / 15/95 11/16/95 
O" -pCi/g pCi/g pCi/g pCi/g pCi/g 

30.1 7.69 7.6 9.33 2.9 U 

('!) 

> 
00 

5,750 3,790 2,740 132 328 
NR NR NR NR NR 

I 
I--' 

6.55 NR NR NR NR 
NR NR NR NR NR 

~ (') 
0 0 

NR NR NR NR NR 
NR NR Nil NR NR 
NR NR NR NR NR 

n = ta) n .... ('!) 

('!) = Q. .... 
-0.638 U 0.163 U 0.259 U -0 .0 552 U -0.0879 U 

5.28 -0.0578 U -0.0252 U 0.0237 U -0 .037 U 
6,770 44.3 65.8 0.00704 U -0 .0205 U 

NR NR NR NR NR 

'.Z :J 
('!) :::t ta) 0 ., = I--' "' 1,200 7.1 9.2 U.547 0.535 

-0.559 U -0.00341 U -0.0 123 U 0.0425 U 0 .0158 U 
0.833 IJ 0.00937 U 0.0632 U -0 .0682 U -0.00833 U 

8.17 0.178 U 0.232 0.0979 U -U.0225 U 
2.36 0.0 13 U 0.11 2 U -0 .00XOG U 0. 109 U 

0.221 lJ -0. 127 U 0.0766 U -0 .219 U 0.0356 U 
NR NR NR NR NR 

0.936 0 .0565 U 0.0493 U -0 .0 179 U -0.00807 U 

(.;J 
~ d 

0 0 I--' ('!) 
I .... 

d tTJ 
'.Z ('!) 

~ 
n '--1 -- .... I'.>) 

I--' ('!) ::ti (.;J Q. I 
N .... • \0 
Ul = 0\ 
I I 

'.Z (J) 
0 -1.17 U 0.105 U 0.0862 U -0.00376 U OU 

12.6 0.0211 U 0.301 lJ -0.00376 lJ -0.004 16 lJ 
13.7 .1 18. 1 .J 15.8 .1 l 0.9 .J 111 .6 
1.54 U 0.599 J 0.8011 .J 0.5 .J 0.524 J 

,-.., .... 
'"O -
I'.>) ::;, 

00 0 
(1) 

8 
NR 0.772 0.903 0.462 0.415 
NR NR NR NR NR 
NR NR NR NR NR 
NR NR 0.59 0.814 NR 

0.378 U -0.271 U -0. 159 U 0.0126 U -0.13 U 

0\ ~ 0 ......., ~ 
N en" 
l,J 

ta) ..__,, 
= NR NR NR NR NR Q. 

768 1430 1,740 57 .9 144 to 
NR NR NR NR NR 0 

0.744 U 0.883 1.08 0.748 0.635 
., 
('!) 

-1. 13 U NR 1.12 0.596 0.1122 

NR NR NR NR NR 
NR NR NR NR NR 

c:r 
0 -('!) 
"' 

NR NR NR NR NR 
-0.11 1 U 0.0762 U 0.104 U 0.0324 U 0.0268 U 

1.74 0.343 U 0.842 0.487 0.48 
0.111 U 0 .407 U lU 0.534 0.398 

NR NR NR NR NR 



Reference Document. : Quunterrn 222-S 222-S 222-S 

Location: 199-N-108A ! 99-N-1 09A 199-N- 109A 199-N-109A 

Sample ID: BOGL79(EB) BOH IV7 BOH IV8 BOHIV9 

Method: 
Sample Collected: 12/19/95 12/20/95 12/20/95 

Depth (feet below ground 
surface) : 11 / 15/95 8-1 0 10-1 2 17-1 9 

Units : pCi/g pCi/g pCi/g pCi/g 

Gross elpha 2.99 U 5.26 0.969 1.15 U 

Gross beta 2.1 4 U 2 ,440 1,6 10 579 

Actinium-228 NR NR 0.866 NR 

Americium 24 1 NR 6.51 NR NR 

Antirnonv- 125 NR NR NR NR 

Bismuth-214 NR NR 0.65 0.59 

Cadmi um-1 09 NR NR NR NR 
Carhon 14 NR NR NR NR 

Ceri nm-1 44 0.0565 U 5.29 U 2.29 U U 7U 

Cesium 134 -0.0 188 U 0.478 U 0. 105 U 0.09 17 U 

Cesium 137 0.0 135 U 371 0.21 1 U 0.14 U 

Chromium 51 -0.027R U NR Nil NR 

Coba lt 60 -0.0278 U 225 3.83 t. 65 

Cobnlt- 58 -0.0 11 8 U NR NR NR 

• ,·· 00 ~. 
I 

"' ...... 

Europium 152 -0.0386 U NR NR NR 

Europi um 154 0.00875 U 1.05 U 0.332 U 0.287 U 

l'.mopium-155 -0.0316 lJ 1. 37 U 0.677 U ll.'148 U 
~ ... '-D l rcm 59 -0 .0 121 U NR NR NR 

Lead-2 14 NR NR 1.09 0.7llR 

/\,fan[!il!lCSC-54 0.00963 U I.I I 0.1] U 0.109 U 

l' lut ouium - 238 -0.00608 U NR NR NR 
:r. Plutoni um 239/240 -0.00 187 U NR NR Nil 

Potassiu m 40 5.6R .I 10.1 9. 111 6.56 

Radium 226 0. 25R J 9.32 U 3.28 U 2.29 U 

Rndi um-224DA 0.115 NR NR NR 

Rndinm-226DA NR NR NR NR 

Rndium-228 NR NR NR NR 

Radium-228DA 0.0433 NR NR NR 

Ruthenium I 06 -0.0 188U 9.29 U 2.07 U 1.67 U 

Ruthenium-I 03 -0 .145 U NR NR NR 

Stronti um 90 0. 274" ! ,ORO 866 33 1 

Technetium 99 NR NR NR NR 

Thorium 228 0.27 36.5 U 18.2 U 12 U 

11,oriurn 232 NR NR NR NR 

Tin-1 25 0.056 5 U NR NR NR 

Trit ium NR NR NR NR 

Uranium 233/234 NR NR NR NR 
Uranium 23 5 -0.00 146 U NR NR NR 
Uranium 238 0.0892 NR NR NR 
Uranium-234 NR NR NR NR 
l ino 65 NR NR NR NR 

222-S 222-S 222-S 222-S 
199-N-109A 199-N-109A 199-N-109A 199-N-109A 

B0!--11 \Vl BOHi W2 (Dup) BOHI\V3 BOI-l l\V4 

12/22/9 5 12/22/95 12/22/95 12/27/95 

24-26 24-26 30 39-41 
pCi/g pCi/g pCi/g pCi/g 

0.98 1 1.42 U 0.9 12 1.45 U 
346 319 228 30.S 

NR NR Nil 0.794 
NR NR NR NR 
NR NR NR NR 
NR NR NR 0.709 

NR NR NR NR 
NR NR NR NR 

5.79 U 3.33 U 3.02 U 0.936 U 
0.402 U 0. 185 U 0.24 1 U 0.0763 U 
0.498 U 0.415 U 0.512 U 0. 14 U 

NR NR NR NR 
1.73 t.95 2.78 o.5n 

NR NR NR NR 
NR NR Nil NR 

1.2 U 0.654 U 0.68 1 U 0.264 U 
1.05 U 1.05 U O.X26 U 0.264 U 

NR NR NR NR 
NR NR Nil 0.7H7 

0.'1 17 U 0.209 U 0.246 U 0.089 U 
NR NR NR NR 
NR NR NR i-m 

17.9 U 7. 19 6.38 U 9.Hli 

10 U 4.83 U 5.23 U 1.77 U 
NR 20.5 NR NR 
NR NR NR Nil 
NR NR NR NR 
NR NR NR NR 

7.23 U 4.08 U 3.99 U 1.42 U 

NR NR NR NR 
193 147 127 2.34 

Nil Nil NR NR 

27.6 U 28.3 U 22.9 U 7 .23 U 

NR NR NR NR 
NR NR NR NR 
NR NR Nil NR 
NR NR NR NR 
NR NR NR NR 

NR NR NR NR 
NR NR NR NR 
Nil Nil NR NR 

222-S 
199-N-1 09A 

BOI-11 W5 

12/27/95 

50 
pCi/g 

I.I S 
11 .3 
0.85 

NR 

NR 
0.929 

NR 
NR 

1.03 U 
0.0843 U 

0.151 U 
NR 

1.25 

NR 
NR 

0.34 U 
0.293 U 

NR 
1.62 

0.1 U 
Nil 
NR 

13 U 
2.0 1 U 

NR 
NR 

NR 

NR 
1.6 U 

NR 
4.6 1 

NR 

7.82 U 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

222-S 
199-N- 109A 

BOJ-I5N9 

12/28/95 

59-61.5 
pCi/g 

0.997 U 
42.3 

0.866 
NR 

NR 
0.846 

NR 
NR 

1.05 U 
0.0904 U 

0.144 U 

NR 
1.42 

NR 
NR 

0.3 11 U 
0.2M8 U 

NR 
1.16 

0.1 1 U 
Nil 

NR 
13.H 

1.98 U 
NR 
NR 
NR 

Nil 
1.76 U 

NR 
Ill . I 

Nll 
8.16 U 

NR 

NR 
NR 

NR 

NR 
NR 
NR 
NR 
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Reference Document. : 
Location: 

Sample ID: 
Method: 

Sample Collected: 
Depth (feet below grounc 

surface): 
Units : 

Gross nlpha 

Gross beta 
Actinium-228 
Americium 24 1 
Antimony-125 
Bismuth-214 

Cndmium-1 09 

Cnrbon 14 
Cerium-144 
Cesium 13 4 
Cesium 137 
Chromium 51 
Cobul t 60 
Cobnlt-58 
Euronium 152 
Europium 1 54 
r.11ropi11111- l 55 

Iron 59 
Lead-214 
tvfnncancsc•54 
Plutonium - 238 
Pl 11toni11111 239/240 
Potussium 40 
Rndium 226 
Rndium-224DA 
Rnd ium-226DA 
Rndiu111-228 
Radium-228DA 

Ruthenium 106 
Ruthenium-! 03 
Strontium 90 
Technetium 99 

lltorium 228 

Thorium 232 

Tin-125 
Tritium 
Uranium 233/234 
Uranium 235 
Uranium 238 
Uranium-234 
Zinc 65 

Quanterru 
199-N-1 09A 

BOGL97 

8-10 

12/19/95 
pCi/g 

39.8 
3170 

NR 
14.2 

NR 
NR 
NR 

NR 
2.36 

0.633 
573 

NR 
379 

0.268 
NR 

2.116 
2.02 

0.236 
NR 

2.74 
3.Hl 
24.1 
12.5 

NR 
NR 

1.58 
NR 
NR 

2.44 
NR 

1340 
NR 

0.535 
-0.167 

NR 

NR 
NR 

-0.2 1 
0.776 

1.36 
Nil 

Qunnterrn Qunnterra Qunnterrn 
199-N-109A 199-N-109A 199-N-109A 

BOGL99 BOGLBI BOGLB3 

10-12 17-19 24-26 

12/20/95 12/20/95 12/22/95 
pCi/g pCi/g pCi/g 

6.69 5.7 5.52 
2450 808 530 

NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 

NR NR NR 
-0.079 -0.176 -0.0485 

-0.0107 -0.00 192 -0.0138 
0.522 0.143 0.0587 

NR NR NR 
4.51 2.37 1.57 

-0.03 -0.0036 0.00897 
NR NR NR 

0.00621 0.106 0.164 
0.0156 0.0136 0.0912 
-0.135 -O.OX45 -0 .131 

NR NR NR 
-U.000466 -U.0106 0.00315 

u 0.0751 0 
U.385 0.15 0.11246 

9.01 9.62 8.03 
NR NR NR 

0.353 0.422 0.473 
0.322 0.36R 0.415 

NR NR NR 
NR 0.4Hl NR 

0.178 0.205 0.153 
NR NR NR 

1230 401 226 
NR NR NR 

0.409 0.42 0.-106 

NR 0.622 0.504 
NR NR NR 
NR NR NR 
NR NR NR 

0.01146 0.0333 -0.00422 
0.564 0.44 0.435 
0.451 0.727 0.642 

NR NR NR 

Quanterra Quunterru Quanterrn Q uanterra 
199-N-109A 199-N-109A . 199-N-109A 199-N- 109A 

BOGLB4 (Dup) BOGLBG BOGLCO BOGLB8 (EB) 

24-26 39-41 59.5 -61.5 

12/22/95 12/27/95 12/28/95 12/27/95 
pCi/g pCi/g pCi/g pCi/g 

....J 
s::., 
O"' 

6.8 5.79 4.53 -0.906 -l't> 

491 64 60.5 1.53 > 
NR NR NR NR 00 

I 

NR NR NR NR """" 
NR NR NR NR 
NR NR NR NR 

t"' ('j 
0 0 

NR NR NR NR 
NR NR NR NR 

-0.131 -0.0915 -0.173 -0.0309 

t") ::, 
s::., t") -l't> 
l't> ::, 

C. -
-0.0137 0.0031 -0.0296 -0.0113 z ~ 
0.0337 0.00348 -0.0148 -0.00721 

NR NR NR NR 

l't> -s::., --0 ""I ::, 
1.43 0.546 1.48 -0.00H18 

0.008119 -0.0391 0.00725 -0.013 
NR NR NR NR 

0.129 0.0456 0.0676 -0.004111 
-0.0231 0,0212 -0.0203 -0 .00461 

-0.127 U.OH67 -0.04HH 0.0232 
NR NR NR NR 

"""" 
V, 

w t:, t:j 
0 0 
"""" 

l't> 
I - t:j trJ l't> z t") .., 

~ -- - Pl 
"""" l't> ::+, w C. I 
N -- • '° U\ ::, 0\ 
I I 

0.0234 O.UIJH7ll 0.0152 0.0205 
0.0142 -0.00257 O.OOSH9 -0.00 105 

.().002 28 0 0.0103 -0.011! OS 
7.93 8.62 12.4 4.19 

NR NR NR NR 

z 00 >-' 

0 >-' ,,....... -· '1j -
Pl ~ uo 0 
(1) 

8 >-' 

0.477 0.535 0.627 0.125 
0.304 0.358 0.34 0.116 

NR NR NR NR 
NR NR 0.434 NR 

00 ~ 0 ....., l't> = N V, 
l,J s::., ...__, 

-0. 162 0.245 0.0541 -0.00963 
NR NR NR NR 

200 27.7 16 -0.013 

::, 
C. 

t:o 
0 

NR NR NR NR ""I 
l't> 

0.498 0.574 0.567 0.304 l:t' 
0.156 0.682 0.616 0.134 

NR NR NR NR 

0 
;-
V, 

NR NR NR NR 
NR NR NR NR 

0.00763 0.0169 0.0291 0.00324 
0.531 0.5 0.418 0.0278 
0.354 0.348 0.454 0.0509 

NR NR NR NR 



Reference Document.: 

Location: RW# l RW#l RW# l RW# l RW#l R\V# l RW#l RW#l RW#l RW//1 RW#l RW# l RW# l 

Sample ID: 

Method: 

Sample Collected: 8/1/82 8/1/82 8/1/82 8/1/82 8/1/82 8/1/82 8/1/82 8/1/82 8/1/82 8/1 /82 8/1/82 8/1/82 8/1/82 
Depth (feet below grounc ~ 

surface): s 10 IS 20 2S 30 35 40 4S so ss 60 6S 
Units: oCi/~ oCi/g oCil£ oCi/g oCi/g oCi/g oCi/g oCi/~ oCil£ oCi/~ oCi/~ oCil£ oCil£ 

~ 
O" -Gross al pha NR NR NR NR NR NR NR NR NR NR NR NR NR 

Gross beta NR NR NR NR Nil NR NR NR NR NR NR NR NR 
Actinium-228 NR NR NR NR NR NR NR NR NR NR NR NR NR 

Americium 241 NR NR NR NR NR NR NR NR NR NR NR NR NR 

~ 

> 
00 •,.,,o I - 'L'1'. 

Antimony- l 2S NR NR NR NR NR NR NR NR NR NR NR NR NR 

Bismuth-2 14 NR NR NR NR NR NR NR NR NR Nil NR NR NR 
Cndium-1 09 NR NR NR NR NR NR NR NR NR NR NR NR NR 

-~ (j LN! O 0 
~ 

I") = -...._o ~ I") 

Cnrbon 14 NR NR NR NR NR NR NR NR NR NR Nil NR NR 

Cerium-144 NR Nil NR Nil Nil NR Nil NR NR NR NR Nil Nil 

Cesium 134 Nil NR NR Nil Nil Nil Nil Nil NR NR NR NR Nil 
Cesium 1)7 U.664 U.7 46 0.671 0.735 U.54H 0.63 1 U.258 U.772 I.I S 0.4 HH 3.% 0.64 1 0.2 ll 
Chromium 5 1 Nil NR NR NR NR NR NR Nil NR Nil NR NR Nil 

,,.,,.:i::: - ~ ~ = '!I o..-
'c:::3 2 ~ co 

~ :::-. -~ 0 

'"'° "'1 = 

• 00 
I 
tv ....... 

Cobalt 60 0.S9i! 0.74S 0.779 0.H36 0.906 2.17 0. 23 2.17 9.9 9 10.5 6.56 4.38 
Colrnlt-58 NR Nil NR NR Nil NR NR Nil Nil Nil Nil NR NR 
Europium 152 NR NR Nil Nil Nil NR NR Nil NR NR Nil Nil NR 
Europium 154 Nil NR Nil Nil Nil Nil Nil Nil NR Nil Nil Nil Nil 

Europi um-15 5 NR Nil Nil NR NR NR Nil NR Nil Nil Nil Nil Nil 

Iron 59 NR Nil Nil Nil NR Nil Nil Nil Nil Nil Nll Nil Nil 
Lend-2 14 0.408 0.4 28 0.424 U.385 U.4 0.375 U.441 0.M H 0.)76 0.347 U.362 0.)89 U.454 
Mnngnnese-5 4 0.063 0.043 0.053 0.05 0.024 0. 203 0.019 U.2 06 0.52 1 0.0383 0.65H 0. 143 0.043 

Plutonium - 2)8 NR Nil NR Nil Nil Nil NR Nil Nil NR NR NR NR 

- (J> t:J w~ 
0 0~ -- t:J tr:1 I ~ 

~ ~ 2 I") 

--- --~ ::+>, w Q., 

•~ N - • u, = I I -2 r:n -0 
Plutonium 239/240 NR Nil NR NR NR NR NR Nil Nil Nil NR NR Nil 
Potassium 40 9.3 10.3 10.3 7.6 8.2 1 4.74 10.0H 8. 16 H.52 8.4 1 9.57 IU.70 13.30 
Rad iu m 226 Nil Nil Nil Nil NR NR NR NR NR NR NR NR NR 

Rnd ium-224DA NR NR NR NR Nil NR Nil NR NR NR NR NR NR 

-· ~-'"rj 
p, ~ 

00 O :s 
llnd ium-226DA Nil NR Nil NR Nil NR NR Nil Nil NR NR NR NR 

llad ium-228 NR NR NR NR Nil NR NR NR NR NR NR NR NR 

\0 ~ 
0 ~ 
......, -

ll•di um-228DA NR NR NR NR NR NR NR NR NR NR NR NR NR 

Ruthenium 106 0.04 U 0.04 U 0.05 U 0.04 U 0.064 U 0.063 U 0.04 U 0.05 U 1.6 1.39 1.47 1.2 1.3 
l'-1 t;;' 
~ ~ 

Ruthen ium-103 0.0 19 0.0 12 0.026 0.0 11 U 0.0 16 0.0 14 U 0.0 13 U 0.0 17 U 0.253 0. 163 0.185 0.1 62 0.191 
Strontium 90 NR NR NR NR NR NR NR NR NR NR NR NR NR 
Technetium 99 NR NR NR NR NR NR Nil NR NR Nil Nil NR NR 

= Q., 

~ 
0 

Thorium 228 NR NR NR NR NR NR NR NR NR NR NR NR Nil 

Thori um 232 NR NR NR NR NR Nil NR Nil NR NR Nil NR Nil 

"'1 
~ 
::r 

fin-125 0.115 0.145 0.13 1 0.194 0.1 89 0. 102 0.0 13 U 0.057 2.99 2.91 3.13 2.25 1.76 0 -Tritium NR Nil Nil N il NR NR Nil NR Nil NR NR Nil NR ~ 
(J> 

Urnnium 233/234 Nil NR NR Nil Nil NR NR Nil Nil Nil NR NR NR 
Uranium 235 Nil Nil NR NR NR NR Nil NR NR NR Nil Nil NR 

Uranium 238 NR NR NR NR NR Nil Nil Nil Nil NR NR NR NR 
Uranium-234 NR NR Nil NR Nil NR NR NR NR NR Nil Nil Nil 
Zina 65 NR NR Nil NR NR NR NR Nil Nil NR Nil NR NR 
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Reference Document. : 

Location: 

Sample ID: 

Method: 

Sample Collected: 
Depth (feet below ground 

surface) : 
Units : 

Gross nlphn 

Gross beta 

Act in ium-228 

Americium 24 1 

Ant imonv-1 25 

Bismuth-2 14 

Cnd ium-109 

Cnrbon 14 

Ceri um-1 44 

Cesium 134 

Cesium 137 

Chromium 5 1 

Cobalt 60 

Cohall-5H 

Europium 152 

Europium 154 

Europium- 155 

Iron 59 

Leocl-2 14 

lvfan~onese-54 

Plutonium - 238 
Plutonium 239/240 

Potossium 40 

Radium 226 

Rod ium-224DA 

Rodium-226 D/\ 

l(adium-228 

Radium-228DA 

Ruthenium 106 

Ruthenium-I 03 

Strontium 90 

Technetium 99 

'Thorium 228 

Thorium 232 

Tin- 12 5 

Tri tium 

Uranium 233n34 

Uranium 23 5 

Urunium 238 

Urnnium-23 4 
Zinc 65 

RW#2 

8/ 1/82 

5 
pCi/g 

NR 
NR 

NR 

NR 
NR 
NR 
NR 

NR 
NR 

NR 

0.0 14 

NR 

U.065 

Nil 

NR 

NR 

NR 

NR 

0. 43 2 

0.008 

NR 

NR 

9.75 

NR 

NR 

NR 
NR 

NR 

0.04 U 

0.008 U 

NR 

NR 

NR 

NR 
0.013 U 

NR 

NR 
NR 

NR 

NR 
NR 

RW #2 R W #2 R W #2 RW#2 

8/ 1/82 8/1/82 8/ 1/82 8/ 1 /82 

10 15 20 25 
pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR N R NR 

0.0 18 0.00R 0.0 15 0.012 

NR NR Nil NR 

o.ur.s 0.067 0.0 14 ll.U IH 

NR Nil Nil NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR Nil Nil NR 

0..148 0.319 0.5 19 0.303 

0.013 U 0.0 13 0 .006 U 0.004 U 

NR NR NR NR 

NR NR NR NR 

R.95 7.26 11.•II 7.26 

NR NR NR NR 

NR NR NR NR 

NR NR NR Nil 

Nil Nil N il Nil 

NR Nil NR NR 

0.04 U 0.06 0.05 U 0.03 U 

0. 008 0.006 U 0.0 1 U 0.007 U 

NR NR NR NR 

NR NR N R NR 

NR NR NR NR 

NR NR NR NR 
0.013 0.0 1 U 0.041 0.014 U 

NR NR N R NR 

NR NR NR NR 

NR NR NR NR 
NR NR N R NR 

NR NR NR NR 
NR NR NR NR 

R W#2 RW#2 RWH2 RW#2 

8/ 1/82 8/ 1/82 8/ 1/82 8/ 1/82 

30 35 40 45 
pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR 

NR NR NR NR 
NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 
NR NR NR NR 

0 .007 U 0.0 15 0.01 0.004 U 

N il NI( NI( NR 
0.11 17 0.005 0.004 tJ 0.025 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 
NR Nil NR Nil 

0.3 59 0.324 0.33 1 0.356 

0.007 U 0 .006 U 0.003 U 0.004 U 

NR NR NR NR 
NR N R Nil NR 

6.3 H 6.60 7.6J 8.2H 

Nil N R NR Nil 

Nil Nil N il NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

0.06 U 0.Q3 U 0,03 U 0.03 U 

0.01 U 0.008 U 0.006 U 0.007 U 

NR NR NR NR 
NR NR NR NR 

Nil NR NR NR 

NR NR N R NR 
0.0 19 U 0.01 U 0.0 1 U 0.0 1 U 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 
NR N R N R NR 

NR NR NR NR 
NR NR NR NR 

RW#2 RW #2 

8/ 1/82 8/1 /82 

50 55 
pCi/g pCi/g 

NR NR 
NR NR 
NR NR 

NR NR 
NR NR 

NR NR 
NR NR 
NR NR 

NR NR 

N il N R 

0.004 U 0.02 U 

NR NR 
0,22 7 0.957 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 
0.322 0.349 

0 .004 U 0.02 U 

NR NR 

NR NR 
8.13 Nil 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

0.04 U 0.23 U 

0.008 U 0.04 U 

NR NR 

NR NR 
NR NR 

NR N R 

0.062 U 0.623 

NR NR 

NR NR 

NR NR 
NR NR 
NR NR 
NR NR 

RW #2 

8/ 1/82 

60 
pCi/g 

NR 

NR 
NR 
NR 
N R 

NR 

NR 

Nil 

NR 

NR 

0 .006 U 

NR 

1.22 

NR 

NR 

NR 

NR 

NR 

0.363 

0.007 U 

NR 
NR 

111.3 0 

NR 

NR 

NR 

NR 

NR 

0.157 

0.02 4 

NR 

NR 

NR 

NR 
0.707 

NR 
NR 
NR 
NR 

NR 
NR 
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Reference Document.: 

Location: 

Snmplc ID: 

Method : 

Sample Collected: 
Depth (feet below ground 

surface): 
Units : 

Gross aloha 

Gross beta 

Actiniuni-228 

Americium 24 1 
Antimony-1 25 

Oismuth-2 14 

Cndium-109 
Carbon 14 
Cerium-144 

Cesium 134 

Cesium 137 
Chromium 51 

Cobn lt 60 
Cohn lt-58 

Euronium 152 
Eu ropium 154 

Europium• I 55 
lro11 59 
Lead-214 
Mnn~n nese-54 

Plutonium• 238 
Pl utonium 239/2•10 
Po tnss ium 40 

Rndium 226 

R•dium-224D/\ 
Rndium-2261)/\ 

Rndium-228 

Rndium-2280/\ 

Ruthenium I 06 
Ruthenium- I 03 
Strontium 90 

Technetium 99 

Thorium 228 

Thorium 232 

Tin-125 
Tritium 

Uranium 233n34 

Uranium 235 
Uronium 238 
Uranium-234 
Zinc 65 

RW#2 

8/1/82 

65 
pCi/g 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 

NR 
0.0 1 U 

NR 

U.905 
Nil 

NR 

NR 
NR 

Nil 

U.33 1 

0.01 U 
NR 
NR 

9.4 7 

NR 

NR 
Nil 
NI( 

NR 

0.255 

0.03 U 
NR 

NR 
NR 
NR 

0.647 

NR 

NR 

NR 

NR 
NR 
N R 

RW#2 RW#2 RW#2 RW#2 

8/1/82 8/1/82 8/1/82 8/ 1/82 

70 75 80 85 
pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 
NR NR NR NR 

NR NR NR NR 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

NR NR NR NR 
NR NR NR NR 

0.02 U 0.02 U 0.02 U 0.02 U 

NR NR NR Nil 
U.623 lAH U.654 U. 16 

Nil NR NR NR 

NR NR NR NR 

NR NR NR NR 
NR NR NR NR 

NR Nil NR NI( 

0.339 0.41 6 0.384 0.278 

0.02 U 0.03 U 0.03 U 0.02 U 

NR NR NR NR 
NR NR NR NR 

9.99 II .GO 10.60 H.HJ 

NR NR NR NR 

NR NR NR NR 
Nil NR NR NI( 

NR NR NI( NR 

NR NR NR NR 

0. 19 U 0.6 0.2 U 0.2 U 

0.116 0.05 U 0.04 U 0.04 U 

NR NR NR Nil 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 
0.64 0.938 0.519 0.273 

NR NR NR NR 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

NR NR NR NR 
NR NR NR NR 

RW#2 RW#2 RW/12 RW//3 

8/l /82 8/ 1/82 8/l /82 8/1/82 

90 95 100 5 
pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

NR NR NR NR 
0 .02 U 0.02 U 0.043 U U.023 

NR NR N I{ NR 
11. lHS lJ. 17 11 .211 0.054 

NI( NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NI( NI( NR NR 

0.395 0.37 1 0.408 0.366 

0 .03 U 0.02 U 0.006 U 0.006 

NR NR NR NR 
NR N il NR NR 

9.07 9.47 IO.SU 7.t U 

NR NR NR NR 
NR NR NR NR 
NI( NI( NR NR 
NI( NR NR NR 

NR NR NR NR 
0.2 U 0.2 U 0.078 0.03 U 

0.03 U 0 .06 U 0.008 U 0.004 U 
Nil NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

0.255 U 0.192 U 0.142 0.01 U 
NR NR NR NR 

NR NR NR NR 

NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 

RWll3 RW#3 

8/1/82 8/1 /82 

10 15 
pCi/g pCi/g 

NR NR 

NR NR 
NR NR 
NR NR 

NR NR 
NR NR 
NR NR 
NR NR 

NR NR 

NR Nil 
0.017 U 0.1125 

NR NR 
0.019 0.019 

NR NR 
NR NR 

NR NR 
NR NR 
NR NR 

0.38 1 0.314 
0.004 U 0.006 U 

NR NR 
NR N il 

7.19 5.9 1 
NI( NR 

NR Nil 
NR NR 
NR Nil 

NR NR 
0.03 U 0.05 U 

0.005 U 0.009 U 
NR NR 
NR NR 

NR NR 

NR NR 

0.01 U 0.028 

NR NR 
NR NR 

NR NR 
NR NR 
NR NR 
NR NR 

RW/13 

8/ 1/82 

20 
pCi/g 

NR 

NR 

NR 
NR 
NR 

NR 

NR 
NR 

NR 

NR 
0.009 

NR 
0.006 

NR 
Nil 

NR 
NR 

NR 

0.344 

0.003 U 
NR 
NR 

2.:19 

NR 

NR 

NR 
Nil 

NR 

0.03 U 
0.007 U 

NR 

NR 

NR 

NR 

0.01 U 

NR 

NR 
NR 
NR 
NR 
NR 
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Reference Document.: 
Location: 

Sample ID: 

Method: 

Sample Collected: 
Depth (feel below ground 

surface): 
Units: 

Gross alpha 

Gross beta 
Actinium-228 
Americium 24 1 
Antimony-1 25 

Bismuth-214 
Cadium-109 
Carbon 14 
Ccrium-144 

Cesium 134 
Cesium 137 
Chromium 51 

Cnhn lt 60 
Coha lt-58 
louro11ium I 52 
Europ ium 154 

Euroo ium-155 
Iron 59 
Lead-2 14 
Mangnncse-5•1 
Plutonium• 238 
Plutonium 239/240 
Potnssiurn 40 
Radium 226 
llndium-224OA 
l(udi um-226 1 )A 

Racli um-228 
Rnclium-228DA 
llulhen ium l 06 

llulhenium-1 03 
Slrontium 90 
Technetium 99 

m,orium 228 
Thorium 232 
Tin- 125 

Tritium 
Uranium 233/234 
Urnnium 235 
Uranium 238 

Uranium-234 
Zinc 65 

RW#3 

8/1/82 

25 
pCi/g 

NR 
Nil 

NR 
NR 
NR 
NR 

Nil 
Nil 
Nil 

Nil 
0.003 U 

Nil 
tl .11119 

Nil 
Nil 
Nll 
Nil 

NR 
0.326 

0.003 U 
Nil 
NR 

5.48 

Nil 
Nil 
NR 
Nil 
Nil 

0.03 U 
0.005 U 

NR 
Nil 
NR 
NR 

0.0 1 U 

Nil 
Nll 
Nll 
Nil 
Nil 
NR 

ll\V#3 ll\V#3 · RW//3 ll\V//3 

8/1/82 8/1/82 8/1/82 8/1/82 

30 35 40 50 
pCi/g pCi/g pCi/g pCi/g 

Nil NR NR NR 

Nil NR Nil NR 

NR Nil NR Nil 
Nil Nll Nil Nil 
NR NR NR Nil 

NR NR NR Nll 

NR NR NR NR 
Nil NR Nil Nil 

NR Nil Nil Nil 

Nil NR Nil Nll 
0.009 0.004 U 0.004 U 0.004 U 

Nil Nil NR Nil 
tl .11119 U.llUH tl .11119 tl .tlt19 

Nil Nil Nil Nil 
Nil Nil NR Nil 

Nil Nil Nil Nil 

Nil Nil Nil Nil 

Nil NR Nil Nil 

0.337 0.348 0.338 0.385 

0.003 U 0.00~ 0.005 U 0.005 U 
Nil NR Nil Nil 
Nil Nil Nil Nil 

4.HJ 1.95 5.91 I.H 

Nil Nil Nil Nil 

NR NR Nil Nil 
Nil NI( NI( NI( 

Nil NI( Nil Nil 

NR Nil Nil Nil 

0.03 U 0.03 U 0.03 U 0.03 U 

0.005 U 0.006 U 0.006 U 0.008 U 

NR NR Nil Nil 

Nil NR Nil Nil 

NR Nil Nil Nil 

NR NR NR NR 

0.009 U 0.01 U 0.01 U 0.01 U 

Nil NR Nil Nil 

Nll Nll Nll NR 
NR NR Nil NR 
NR NR Nil NR 
NR NR NR NR 
Nil NR NR NR 

RW #3 ll\V#3 ll\V #3 ll\V/13 

8/1/82 8/ l /82 8/1/82 8/1/82 

55 60 65 70 
pCi/g pCi/g pCi/g pCi/g 

Nil NR NR Nil 
Nil NR NR Nil 
Nil Nil NR Nil 
Nil Nll Nil Nil 
NR NR NR Nil 
NR NR NR NR 
NR NR Nil Nil 
Nil Nil Nil Nil 
Nil Nil NR Nil 
Nil Nil Nil Nil 

0.004 U U.UU4 U U.004 U 0.004 U 
NI( ·NR Nil Nil 

tl .211 11.392 o.r.7H 1.55 
Nll Nil Nil Nil 
Nil NR Nil NR 
NH Nil Nil Nil 
NR Nil Nil Nil 
Nil Nil Nil Nil 

0.376 0.323 0.354 0.353 
0.004 U 0.007 U 0.008 U 0.009 U 

Nil Nil NR Nil 
Nil Nil Nil Nil 

5.92 2.04 0.72 4.36 
NR Nil Nil Nil 
Nil Nil Nil Nil 
NI( Nil Nil NR 
Nil Nil NR Nil 
NR Nil Nil Nil 

0.04 U 0.04 U 0.04 U 0.27H 

0.006 U 0.008 U 0.009 U 0.037 

NR NR NR Nil 
Nil Nil Nil Nil 
NR NR Nil NR 
NR NR Nil Nil 

0.033 U 0.112 0.372 0.88 

NR Nll Nil NR 
NR Nil Nil NR 
Nil Nll NR NR 
Nil Nll NR NR 
Nil Nll NR Nll 
Nil NR Nll NR 

RW//3 llW#3 

8/1/82 8/1/82 

75 80 
pCi/g pCi/g 

Nil NR 
Nil NR 
Nil Nil 
Nil NR 
Nil NR 
NR NR 
NR Nil 
Nil NR 
Nil Nil 
Nil Nil 

0.11115 lJ 0.004 U 

Nil Nll 
I. SI U.366 

Nil Nil 
Nil NR 
Nil Nil 
Nil Nil 
Nil Nil 

0.352 0.3H l 

0.006 U 0.004 U 
Nil Nil 
Nil Nil 

3.55 4.4H 
Nil Nil 
NR NR 
Nil Nil 
Nil Nil 
NR Nll 

0.367 0.097 U 
0.034 0.025 U 

NR Nil 
Nil Nil 
NR NR 
Nil Nil 

1.12 0.39 

NR NR 
Nil NR 
Nil NR 
Nil NR 
NR NR 
NR NR 

RW/13 

8/1/82 

85 
pCi/g 

NR 
NR 

Nil 
Nil 
Nll 
NR 
Nil 
Nil 
NR 
Nil 

0.004 U 

Nil 
0.22 

Nil 
Nil 
Nil 
Nil 

Nil 
0.3 63 

0.004 U 
Nil 
Nil 

1.91 
NR 
Nil 
NR 
Nil 
NR 

0.0 ,1 u 
0.024 

Nil 
Nil 
Nil 
Nil 

0.268 

Nll 
Nil 
NR 
Nil 

NR 
NR 
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Reforence Document. : 

Location: 

Sample ID: 

Method: 

Sample Colleeted: 
Depth (feet below ground 

surface): 
Units: 

Gross aloha 

Gross hetn 

Actinium-228 

Americium 241 

Antimonv-125 

Bismulh-2 14 

Caclium-109 
Carbon 14 
Ccrium-144 

Cesium 134 
Cesi um 137 

Chromium 51 
Cohalt 60 
Cohalt-58 

Europium 152 

Euro1Jium 154 
Europium• l 55 
Iron 59 

Lend-2 14 
Mnncnnese•54 
Plutonium• 238 

Phrlonium 239n40 

Potnssiurn 40 

R11di11m 226 
Radium-224DA 

Radium-226DA 

Radiurn-228 

Rad iurn-228DA 

Ruthenium 106 

Rulhenium-103 

Strontium 90 
Technetium 99 

'Thorium 228 

111,orium 232 

Tin-125 

Tritium 

Uranium 233n34 

Uranium 235 
Uranium 238 

Urnnium-234 
Zinc 65 

RW#3 RW/13 

8/1/82 8/ 1/82 

90 95 
pCi/g pCi/g 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 
NR NR 

NR NR 
NR NR 
NR NR 

0.005 U 0.004 U 

NR NR 
U.165 U. l~l 

NI( N I( 

NR NR 

NR NR 

NR NR 
NR NR 

0.362 0.384 

0.005 U 0.005 U 

NR NR 

NR NR 
H.42 6.76 

N I( NR 

NR NR 

NR NR 
NR NR 

NR NR 

0.05 U 0.04 U 

0.011 U 0.011 U 

NR NR 

NR NR 

NR NR 
NR NR 

0.119 0.094 

NR NR 
NR NR 

NR NR 
NR NR 
NR NR 
NR NR 

RW/13 

8/1/82 

100 
pCi/g 

NR 
NR 

NR 

NR 

NR 

NR 
NR 
NR 
NR 

NR 
0.004 U 

NR 

U.093 
NR 
NR 

NR 

NR 

NR 
0.368 

0.004 U 
NR 

NR 
6.54 

NR 

NR 
NR 

NR 

NR 
0.03 U 

0.009 U 

NR 

NR 
NR 

NR 
0.03 1 

NR 

NR 
NR 
NR 
NR 
NR 

RW 113 

8/ l /82 

105 
pCi/g 

NR 

NR 

NR 

NR 

NR 

NR 
NR 
NR 
NR 

NR 
0.004 U 

NR 

U.159 
NR 

NR 

NR 
NR 

NR 
0.932 

0.005 U 

NR 

NR 
5.95 

NR 

NR 
NR 
NI( 

NR 
0.05 U 

0.006 U 

NR 
NR 
NR 
NR 

0.037 

NR 

NR 
NR 
NR 

NR 
NR 

U = Concentrat ion undetected at specified detection levels 
J = Estimated value 

NR = Not_rcported 
Dup u Duplicate 

EB = Equipment Blnnk 
Gb = Grub Snrnple 

ST= Split Tube 

Negntive rndionulcidc resu lts• Rn<l ionclive resulls are measured as decny counts (e.g. counts per/minute) 
An aver:,gc backgro und count suhtn1ct ion is npplicd, wh ich mny be more thnn the specific sample count, 

therefore n negntive result is possib le . 

DJ\ (duughters) = Actual gnmmn lines nre mensu red from n dnughtcr isotope with assumed equilibrium 
wi th the reported parent. 

EAL = Environmenta l Ann lyticu l Lul>orntory 
PNNL = Pncific Nor1hwcsl Natio11n l Lnhornt nry 
Refe rences: 

TMA NOR.CAL= Summary Dain Seel ion, Report ing Group 7032, 8/6/92 p. 11-1 9 
DOE/RL-93-80 = Limited Field Investigati on Report for !he 100-NR- 1 Opcr:iblc Unit 

100-NR-1 = S ll111rnnry of tvfaximum Conccntrutions for RmJionuclides, p.l, 2 nnd 3. 
\VI-IC-SD-EN-DP-056, Rev. 0-A = Sediment Chemistry For Wells N-75 , N-76, N-77, p. B19. 
!)HI-00446 Rev. 0 = Well Drilling Summary Report for \Veil 199-N-1 06/\ 

!)J-11-00135, Rev. I= N-Springs Uall'ier \Vall Dri lling Program Dala Packngc 
BHI-00420, Rev. 0 = N Spi ngs Pump 11ml Treat Well Dri lling Summnry Report 
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Concentration (mg/Kg) 

Uepth lteet 
below 
ground 

Location Sample ID surface) Methylene Chloride 

199-N-75 (April 1992) 2-3 4 J 
5-6 4 J 
9 4 

56-58 28 
56-58* 11 B 
68-70 s J 

199-N-76 (April 1992) 2-3 3 J 
5-6 8 J 

24-25 3 ., 

24-25 4 J 
55-57 55 
55-57* to BJ 

199-N-80 (July I 992) B06M60 44-46 6 J 
B0GM37 50-52 3 J 
B06MG2 50-52 ND 
B072P4 G 1-63 ND 
B072P5 70-72 ND 
B072P7 75-77 ND 
B072P9 96-99 s J 

B = The nnalyte is found in the associated blank as well as the sample. 
J = The associated numerical value is an estimated quantity. 

Acetone 
17 
8 J 

22 
51 J 
49 B 
20 J 

12 J 
ND 

31 .I 
40 J 

120 J 
55 B 
23 J 
13 Il 
9 J 

]6 
ND 
ND 
ND 

Carbon Disulfide Chlorofonn Toluene 
ND ND 2 J 

1 J ND ND 
ND ND 

2 J ND 
ND 3 BJ ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND 3 BJ ND 
ND ND 4 J 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND 3J 
ND ND 7 J 
ND ND GJ 

BJ= Value less than the required Detection Limit, but greater than or equal to the IDL. The data has been qualilied as an estimate. 

2-Butanone 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

8 J 

ND = Table indicates not detected at specified detection level. However, the reference indicates the sample was less than the concentration indicated. 
*=Lab renm. 
Reference: DOE/RL-93-80, Rev. 0 = HEIS Data Base 
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Location: 

Sample ID: 

Collection Date: 

epth (feet below ground surface) 

Units: 

2,4-Dichlorophenol 

2,4-Dimcthvlohenol 

2-Mcthylnaphthalene 

4-M ct hvl-2-Pcnta none 

Accn:1phthcnc 

Accnanhthvlcnc 

13cnzo(a )anthrnccnc 

bis(2-chloroisopropyl) ether 

bis(2-Ethvlhcxvl)phthnlatc 

Butylbcnzylpht haltc 

Chrvscne 

Di- n-butvl nh ti 1:1 la le 

Di-n-octvl phthaltc 

Dibcnzofuran 

Dicthvlnhtha lntc 

Dimcthvlphthalatc 

['luornnthcnc 

f'luorcnc 

lsophoronc 

N-Ni trosodiphenylamine (I) 

Naohthalene 

Nitrobenzenc 

Phenol 

Pyrene 

B06837 

April 1992 

2-3 

n11.?/Ka 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.05 1 .J 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Soil from W cll 199-N-7 5 

B06838 B06839 B06843 B06843 

April 1992 April 1992 April 1992 April 1992 

5-6 9 56-58 56-58 • 

mwKa mwK" mPIKo ml!/Kg 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

0.042 .J ND 0.7(, ., ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND 0.11 .J ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

Soil from Well 199-N-76 ~ 
B06845 B06835 B06836 B0684 l 00684 I 

:,) 
O"' 

April 1992 April, 1992 April, 1992 April, 1992 April, 1992 

68-70 2-3 5-6 24-25 24-25 

mo/Kg ml!!KI! mg/Kg mwl(g mwl(11 

;;-
> 
00 
I 

~ 
',.a 
.a,,.. -ND ND ND ND ND rJJ t...N 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

11 .or.1 ., NI) ND 11.53 .I ND 

ND ND ND ND ND 

ND ND ND ND ND 

0.11 ., 0,0(,3 .I 0.05(, .J o.osr. ., ND 

ND ND ND ND ND 

ND ND ND ND ND 
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Location: Soil from Well 199-N-76 

Sample ID: 

Collection Date: 

Depth (feet below ground surface) 

2,4-Dichloroohenol 

2,4-Dimethvlohenol 

2-Methvlnuohthalene 

4-Methvl-2-Pentnnone 

Acenaohthene 

Acenarhthvlenc 

IJcnzo( n)nnthrnccnc 

bis(2-chloroisopropyl) ether 

bis(2-Ethvlhexvl )pht l1n late 

1111 t vi benzvl ph I ha I le 

Chrvsenc 

Di-n-butvlphthalatc 

Di-n-octvlnht ha Ile 

Dibenzof11ran 

Dicthvlphthalatc 

Dimcthvlohthalatc 

f-luoranthcnc 

r111orcnc 

Isophorone 

N-Nitrosodiohenylamine (I) 

Naphthalene 

Nitro benzene 

Phenol 

Pyrene 

ND = Not detected 
J =Estimated value 

Units: 

B06842 B06842 

April, 1992 April, 1992 

55-57 55-57* 

nw./KI! 111wl(11 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

IJ. I ., ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

B = The analyte is found in the associated blank as well us the sample. 
Reference: Hanford Environmental Information System (HEIS) 

B06844 

April, 1992 

64.5-66.5 

mwl(11 

ND 

ND 

ND 

0.007 .J 

ND 

ND 

ND 

ND 

o.11r.3 .1 

ND 

ND 

0.1199 ., 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Soil from Well 199-N-80 

B06M60 B06M61 B06M37 

July, 1992 July, 1992 July, 1992 ~ 
ll) 

44-46 44-46 50-52 O" -mg/Kg mg/Kg mg/Kg 
!'I) 

> 
ND ND ND 00 

I 

ND ND ND 
w 

ND ND ND 00 
!'I) 

ND ND ND 

ND ND ND 

..... 8 .... w ~ 
0 0 

ND ND ND 

ND ND ND 

..... -I ll) 

z .... .... 
--- -..... !'I) 

ND ND ND 

ND 11.2(, ., ND 

ND ND ND 

ND ND ND 

0 .044 .I ND 11 .1139 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

wo 
N '"I t:1 Y1 (JQ 0 ZS)) 
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\Cl I 
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(JQ = (1) Q.. 
N VJ 
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ND ND ND 
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Location: 

Sample ID: 

Collection Date: 
Depth (feet below ground 

surface) 
Annlvte: Units: 

Aluminum 

Arsenic 

Barium 
Beryllium 
Cntlmium 

Calcium 
Chromium 

Cobalt 

Co1>1Jer 

Iron 
Lend 

i'vlac11csi111n 

Mnncnncse 

Mercury 
Nickel 
Phosphorus 

Potassium 

Silver 

Sodium 

Strontium 

Thallium 
Vanadium 
Zinc 
Zirconium 

B06837 

4/17/92 

2-3 
mg/Kl! 

6720 

2.6 

59 

0.24 n 

0.43 ll 

6,780 

8.5 

9.8 B 

15.4 

17,400 

5.1 

4,460 

320 

ND 
11 

ND 
1 350 

ND 
204 n 

ND 

ND 
35.5 

41.1 

ND 

Soll from Wcll 199-N-75 

B068~8 B06839 B06843 B06845 B06835 

4/17/92 4/17/92 4/29/92 4/30/92 4/17/92 

5-6 9 56-58 68-70 2-3 
mg/Kl! mg/Kl! mg/Kl! mg/KP nw!KI! 

6 470 5 720 6 300 4 480 6 440 

2.3 2.3 1.6 n 0.18 n 2.6 

62.3 60.6 63.9 62 51.7 

0.24 B 0.24 B ND ND 0.21 n 

0.61 B 0.49 B ND ND 0.48 ll 

6,380 7,370 2,590 2,240 7,040 

8.7 7.6 14.7 7.8 8.2 

9.3 B 9.4 ll 5.7 ll 5.2 ll 9.8 ll 

14.5 15.8 13.5 9.0 18.7 

17,100 18,100 11,000 9,820 18,100 

4.2 4.2 2.7 2.3 4.5 

4,390 4,400 4,350 2,230 4,460 

296 317 227 182 269 

ND ND ND ND ND 
9.6 9.2 14.4 8.4 10.4 

ND ND ND ND ND 
1 240 1 210 919 D 689 D 1040 

ND ND ND ND ND 
171 D 164 D 203 D 246 n 190 n 

ND ND ND ND ND 
ND o.43 n ND ND 0.43 B 

36.8 33.9 23.1 23.6 34.1 

42.8 40.2 29 20.9 41.8 
ND ND ND ND ND 

Soll from Well 199-N-76 

B06836 B06840 B06841 B06842 B06844 

4/17/92 4/22/92 4/22/92 4/22/92 4/30/92 ~ 

5-6 24-25 24-25 55-57 64.5-66 .5 

:.) 
~1 O" - a-... ('t) 

nw!KP mg/KP lll<'IKP mg/K" mg/Kg 

5 750 7 020 7 670 5740 3 920 

2.2 3.6 3.0 1.8 n 0.92 B 

51 61.4 69.7 74.6 52.8 

0.2 n 0.21 n 0.26 D ND ND 
0.52 ll ND ND o.57 n 0.9 B 

5,980 5,670 5,790 2,530 4,480 

8.3 10 11.3 11.4 8.9 

9.2 B 11 n 11.4 5.8 B 5.3 ll 

18.4 25.9 20 15.7 9.7 

18,500 21,400 21,400 10,800 9,230 

3.4 7.6 6.9 3.4 2.9 

4,220 5,4(,() 5,410 3,61 II 2,1110 

262 328 345 345 206 

0.11 ND ND ND ND 
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ND ND ND ND ND 
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0 Q. 
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0 -· ND ND ND ND ND 

ND ND ND ND ND 
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('t) 
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40.4 45 46.9 33.8 39.6 
ND ND ND ND ND 
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Location: 

Sample ID: 

Collection Date: 
Depth (feet below ground 

Annlyte: 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 
Colrnlt 

Cnppcr 

Iron 

I.encl 

ivlaencsiu,n 

Mnngnncse 

Mercury 

Nickel 

Phosphoms 

Potnssium 

Silver 

Sodium 

Strontium 

TI1all ium 

Vanadium 

Zinc 
Zirconium 

ND =Not detected 
J = Estimated value 

surface) 
Units: 

806M58 

Jul-92 

3.5-5 
m!-'/Kg 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

42.4 J 

39.7 J 

ND 

806M60 B06M61 

Jul-92 Jul-92 

45-47 45-47 

mlVKI! mg/Kg 

3130 J ND 

ND ND 

ND ND 

o.37 n ND 

ND ND 

ND 4800 .T 

ND ND 

10.7 B ND 

ND ND 

ND 6470 .J 

ND 

ND 2040 .J 

ND 135 .J 

ND ND 

ND ND 

ND ND 

ND ND 

1.2 D ND 

227 IJ ND 

ND ND 

ND ND 

ND ND 

ND 21.6 .J 

ND ND 

B = TI1e analyte is found in the associated blank as well as the sample. 

References: 
HEIS = Hanford Envirorunental lnfonnation System 
WHC-SD-EN-DP-056, Rev. 0-A 

Soll from Wcll 199-N-80 

B06M37 B06M62 8072P4 B072P5 B072P7 B072P9 

Jul-92 Jul-92 Jul-92 Ju l-92 Ju l-92 Jul-92 

50-52 50-52 57-59 68-70 75-77 95 .7-99 
mg/Kg mg/Kg mg/Kg mg/Kg m!-'/Kg mg/Kg ~ 

~ 
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ND ND ND ND ND ND 
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Table A8-5. Metals Analysis on Soil Borings 

Sample 2-1 Sample 2-2 

mg/Kg mg/Kg 

Aluminum 2,027 1,314 

Boron 13.6 12 U 

Chromium 5.4 3.6 U 

Cobalt 11.5 U 3.8 U 

Copper 9.4 6.1 

Iron 7,536 3,463 

Manganese 153 100 

Molybdenum 9.2 12.0 U 

Nickel 13 .5 U 9.1 U 

Silicon 2,482 1,412 

Vanadium 21.2 U 11.6 U 

Zinc 82.5 114 

Samples collected from RW #1, #2, or #3 in FY 82. 
Concentrations are the average of two results. 
tJ = Concentration undetected at specified detection level 
-- = No result reported 

Sample 3-1 

mg/Kg 

2,494 

13 U 

6.4 U 

6.9 U 

9.8 

9,902 

182 

11 U 

6.4 U 

3,283 

12 U 

89.3 

Sample 3-2 

mg/Kg 

848 

10.4 U 

8.5 U 

7.8 U 

5.2 

2,026 

65.7 

11.4 U 

10.2 U 

857 

11.2 U 

98.3 

Reference: NUREG/CR-3712 = Radionuclide Migration in Groundwater, Annual Report 
for FY 1983 ., p . 48. 
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100N SURFACE SOIL SAMPLES 
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Reference Document: 

Location: 

Collection Date: 

Units: 

Antimony-125 

Berylliurn-7 

Gross nlohn 

Gross beta 

Europiurn-1 52 

Eurooium-154 

Europium- 155 

Cerium-144 

Cesium-134 

Cesium-137 

Cobalt-60 

Manganese-5 4 

Plutonium-238 

Plutonium-239 

Plutonium-239/240 

Potnssium-40 

Strontium-90 

Strontium-91 

Ru thenium- I 06 

Urnniurn-234 

Urnnium-235 

Urnnium-238 

Zinc-65 
Ziconium-95 

UNI-2640 

N-01 

1982 
pCi/g 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

0.0055 

NR 

0.011 

NR 

0.069 

NR 

NR 

NR 

NR 

NR 

NR 
NR 

UNI-2640 UNl-2640 UNI-2640 UNl-2640 

N-02 N-03 N-04 N-05 

1982 1982 1982 1982 
pCi/g pCi/g pCi/g pCi/g 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR -NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

0.0046 0.0045 0.0052 0.0023 

NR NR NR NR 

0.037 0.0096 0.014 0.019 

NR NR NR NR 

0.49 0.34 0. 23 0. 22 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 

NR NR NR NR 
NR NR NR NR 

~ 
~ 
O" -ti) 

> 
UNI-2640 UNl-2640 UNl-2640 UNl-2640 UNl-2640 \0 

I 
~ 

N-06 N-07 N-08 N-0 1 N-02 

1982 1982 1982 1983 1983 ('j 

pCi/g pCi/g oCi/g oCi/g pCi/g 

NR NR NR NR NR 

0 

= I"') 
ti) 

',..O 
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.o;-,,,, --NR NR NR NR NR -"1 .c..>,J 

NR NR NR NR NR 

NR NR NR NR NR 

NR NR NR ND ND 

NR NR NR NR NR 

NR NR NR ND ND 

~ -.... -'= 
0 
::, '° 
c,, 

-i= 

0 
• 

...., c=) 

~ 
co 

~ 

r--,) 
er-,, 

NR NR NR NR NR 

NR NR NR NR NR 

Q.. ; · t:J 
= 0 

NR NR NR 0.36 7.5 

NR NR NR 1.7 2.0 

NR NR NR 0.12 0.70 
0.002 0.0072 0.0081 NR NR 

i::: 
I"') [~ -a; 
tl) 
c,, 

t:::l 
• '-0 

tl) 

0\ 
I ........ 

NR NR NR -0.059 -0 .502 -ti) ........ 

0.0049 0.002 0.0082 NR NR 
I"') -ti) 

NR NR NR NR NR Q., 

0.074 0.044 0.18 NR NR a· 
NR NR NR -0 .030 -0.276 rn 

i::: 
NR NR NR NR NR "1 ;, 
NR NR NR NR NR I"') 
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NR NR NR NR NR rn 
NR NR NR NR NR 

NR NR NR NR NR 
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Reference Document: UN I-2640 UNI-2640 UNI-2640 UNI-2640 UNl-2640 UN l-2640 UNl-3069 UNJ-3069 UNJ-3069 UNJ-3069 '-a 
I 

Location: N-03 N-04 N-05 N-06 N-07 N-08 N-01 N-02 N-03 N-04 
>--4 

Collection Date: 1983 1983 1983 1983 1983 1983 1984 1984 1984 1984 ('j 

Uni ts: pCi/g oCi/g oCi/g llCi/g oCi/g pCi/g 1iCi/g pCi/g pCi/g pCi/g 0 

= 
Antimonv-125 NR NR NR NR NR NR NR NR NR NR 

t") 
('I) 

Bervllium-7 NR NR NR NR NR NR NR NR NR NR = ,-;. .., 
Gross nlpha NR NR NR NR NR NR NR NR NR NR ~ 

,-;. 

Gross beta NR NR NR NR NR NR NR NR NR NR o· 
= Europium-152 ND NR ND ND ND ND ND ND ND ND c,, 

Eurooium-1 54 NR NR NR NR NR NR ND 0.35 ND 0.35 
0 ...., 

Europium-155 ND ND ND ND ND ND NR NR NR ND ,::l 
~ 

• '° I 
+::>-

Cerium-144 NR NR NR NR NR NR NR NR NR NR 

Cesium-1 34 NR NR NR NR NR NR NR NR NR NR 

Cesium-137 3.9 3.6 3.4 0.26 0.29 0.78 0.63 ND ND 2.5 

Cobalt-60 11 5.3 7.1 0.40 0.58 7.1 2.4 5.5 1.8 3.8 

Mnngnnese-54 0. 75 0. 23 0.27 ND ND 0.21 ND 0. 27 0.15 0.19 

Plutonium-238 NR NR NR NR NR NR 0.00084 0.014 0.0014 0.0011 

0., .... 
0 CJ 
= c:: 0 
t") CJ tTJ -5: ~ ~ ('I) 
c,, 

t::, 
• \0 0\ 

I 
('I) -Plutonium-239 -0 .378 -0 .241 -0 .221 -0.077 -0 .045 -0 .192 NR NR NR NR ,-;. 
('I) -

Plutonium-239/240 NR NR NR NR NR NR 0.0064 0.067 0.0056 0.0049 
t") 
,-;. 
('I) 

Potnss ium-40 N R NR NR NR NR NR NR NR NR NR 0., 

Strontium-90 NR NR NR NR NR NR 0. 19 0.21 0.15 s· 
Strontium-91 -0 .212 -0. 133 -0 .121 -0 .142 -0 .024 -0 .106 NR NR NR NR rJ) 

c:: 
Ruthenium-I 06 NR NR NR NR NR NR NR NR NR NR 

Urnnium-234 NR NR NR NR NR NR NR NR NR NR 

.., 
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t") 

Urnnium-235 NR NR NR NR NR NR 
('I) 

NR NR NR NR rJ) 

Uranium-238 NR NR NR NR NR NR NR NR NR NR 0 .... -Zinc-65 NR NR NR NR NR NR NR NR NR NR 
c,, 

Ziconium-95 NR NR NR NR NR NR NR NR NR NR 
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Reference Document: 

Location: 

Collection Date: 

Units: 

Antirnonv-125 

Beryllium-? 

Gross alpha 

Gross beta 

Europiurn-1 52 

Europiurn- 154 

Europiurn-155 

Ceriurn- 144 

Cesiurn-134 

Ccsium-137 

Cobalt-60 

Manganese-54 

Plutoniurn-23 8 

Plutonium-239 

Plutonium-239/240 
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Strontium-90 
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Ruthenium-! 06 
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Urnniurn-235 

Uranium-238 

Zinc-65 
Ziconium-95 

UNI-3069 UNl-3069 

N-05 N-06 

1984 1984 

pCi/g pCi/g 
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NR NR 

NR NR 

NR NR 

ND ND 

ND ND 

NR NR 

NR NR 

NR NR 

0. 14 0.55 

0. 59 0.3 5 

0. 12 ND 

0.000081 0.00054 

NR 
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0.05 0.55 
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NR NR 

NR NR 
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1984 198 4 1984 1984 
pCi/g pCi/g pCi/g pCi/g 
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ND ND ND ND 

ND ND ND ND 
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NR NR NR NR 
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Reference Document: UNI-3760 UNI-3760 UNI-3760 UNl-3760 UNl-3760 UNl-3760 UNl-3760 UNl-3760 UNl-3760 UNI-3760 
\0 

I 
)-4 

Location: N-03 N-04 N-05 N-06 N-07 N-08 N-09 N- 10 N-11 N-12 

Collection Date: 1985 1985 1985 1985 1985 1985 1985 1985 1985 1985 (j 

Units: pCi/g pCi/1! oCi/1! oCi/1! oCi/1! oCi/!! oCi/1! pCi/1! oCi/g pCi/g 
0 
::, 

Antimony-125 NR NR NR NR NR NR NR NR NR NR 

Beryllium-7 NR NR NR NR NR NR NR NR NR NR 

I") 
re 
::, 
..+-
"1 

Gross nlphn NR NR NR NR NR NR NR NR NR NR ~ 
..+-

Gross beta NR NR NR NR NR NR NR NR NR NR ;· 
::, 

Europium-152 NR NR NR NR NR NR NR NR NR NR 

Eurooium-154 NR NR NR NR NR NR NR NR NR NR 

V, 

0 ..., 
Europium-155 NR NR NR NR NR NR NR NR NR NR ~ 

~ 

Cerium-144 NR NR NR NR NR NR NR NR NR NR 

Cesium-134 NR NR NR NR NR NR NR NR NR NR 

Q., 
;· ··•·· t:J 
::, 0 

• \0 
I 

0\ 

Cesium-137 14 1.6 0.64 0.21 1 0.058 0.22 0.52 NA 1.1 

Cobnlt-60 38 1.9 1.2 0.35 1.5 0.64 0.50 0.78 NA 3.6 

Mangnnese-54 1.4 0.13 0.14 0.076 u 0.12 0.1 0.050 0.084 u NA 0.19 

Plutonium-238 NR NR NR NR NR NR NR NR NR NR 
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t:, 0\ 

~ 
I ,..... 
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,..... 
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..+-
~ 

Potassium-40 NR NR NR NR NR NR NR NR NR NR Q., ... 
Strontium-90 2.6 0.15 0.094 0.12 0.23 0.064 0.0780 0.099 0.13 0.18 ::, 

Strontium-91 2.6 NR NR NR NR NR NR 0.099 0.13 0.18 rJ) 
C: 

Ruthenium- I 06 NR NR NR NR NR NR NR NR NR NR 

Uraniurn-234 NR NR NR NR NR NR NR NR NR NR 
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I") 
~ 

Uranium-235 NR NR NR NR NR NR NR NR NR NR rJ) 
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V, 

Ziconium-95 NR NR NR NR NR NR NR NR NR NR 
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Reference Document: UNl-4065 UNl-4065 UNl-4065 UNl-4065 UN1-4065 UN1-4065 UNl-4065 UN1-4065 UN1-4065 UN1-4065 I ,_. 
Location: N-01 N-02 N-03 N-04 N-05 N-06 N-07b N-08b N-09b N- l Ob 

Collection Date: 1986 1986 1986 1986 1986 1986 1986 1986 1986 1986 (j 
0 

Units: pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

Antimonv-125 NR NR NR NR N1l NR NR NR NR NR 

Bervllium-7 NR NR NR NR NR NR NR NR NR NR 
Gross alpha NR NR NR NR NR NR NR NR NR NR 

Gross beta NR NR NR NR NR NR NR NR NR NR 

::i ·--.a 
r':> 
tt, °" ::i --"1 

t...N 
~ --= -;· ""° ::i 

-'= • 
Europium-152 NR NR NR NR NR NR NR NR N1l NR 

Europium-154 NR NR NR NR NR NR NR NR NR NR 
Europium-155 NR NR NR NR NR NR NR NR NR NR 
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0 
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...... co 
~ 
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~ 
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• l,C) 
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--.J 

Cerium-1 44 NR NR NR NR NR NR NR NR NR NR 
Cesium-1 34 NR NR NR NR NR NR NR NR NR NR 

Cesium-1 37 1.1 0.63 10 0.43 0.22 0.12 1.4 0.58 0.32 0.26 

Cobalt-60 3.7 2.4 15 0.85 0.28 0.23 0.4 0.63 0.27 0.37 

Manganese-54 0.16 0.2 0.34 0.050 0.062 0.072 u 0.089 u 0.087 u 0.076 u 0.072 u 
Plutonium-238 0.0045 NR NR NR NR NR NR NR NR NR 

Plutonium-239 NR NR NR NR 0.0017 N1l NR NR NR 0.0051 

Q.. ; · t:l 
::i 0 
C: t:l tn 
r':> - ;~ -· Q.. 
tt, 
[/} • 'D 
t:, °' tt, 

I - --tt, 

Plutonium-239/240 0.02 0.012 0.046 0.0041 NR 0.0013 0.024 0.0083 0.0053 0.0051 r':> -Potassium-40 NR NR NR NR NR NR NR NR NR NR 
tt, 
Q.. 

Strontium-90 0.13 0. 14 0.67 0.12 0.028 0.021 0.15 0.089 0.0680 0.083 .... 
::i 

Strontium-91 NR NR NR NR NR NR NR NR NR 0.083 (JJ 

Ruthenium- I 06 NR NR NR NR NR NR NR NR NR NR C: 
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r':> 

Uranium-235 NR NR NR NR NR N1l NR NR N1l NR tt, 

Uranium-238 NR NR NR NR NR NR NR NR NR NR 
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NR NR NR NR NR ~ 

NR NR NR NR NR 
(JJ 
0 .... 

NR NR NR NR NR -Vl 

NR NR NR NR NR ~ 

'l:i 
Pl 

OQ 
(I) 

0\ 
0 ......., 
,__. 
'-0 ,.,__,., 



..-:J 
:,:i 
O"' -~ 

Reference Document: WHC-EP-0161 WHC-EP-0161 WHC-EP-0161 WHC-EP-0258 WHC-EP-0258 WHC-EP-0258 WHC-EP-0258 WHC-EP-0258 > \0 
Location: N-09 N-10 N-11 N-01 N-02 N-03 N-04 N-05 I ..... 

Collection Date: 1987 1987 1987 1988 1988 1988 1988 1988 
Units: oCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g (j 

0 
Antimonv-125 NR NR NR NR NR NR NR NR 
Beryllium-7 NR NR NR NR NR NR NR NR 

::s l-~..;£:5, 
(') ·a---., ~ = Gross alpha NR NR NR NR NR NR NR NR 

Gross beta NR NR NR NR NR NR NR NR 
Eurooium-1 52 NR NR NR NR NR NR NR NR 
Europium-154 NR NR NR NR NR NR NR NR 
Europium-15 5 NR NR NR NR NR NR NR NR 
Cerium-144 NR NR NR NR NR NR NR NR 

.-+- '->,I 
"1 
:,:i -I= 
.-+- '--.,0 o· ...;J::' 

= • V, 
c:J 

0 co -. 
~ 

,=-....;i 

:,:i 
'-..,,0 

• "° I .. "° 

Cesium-1 34 NR NR NR NR NR NR NR NR 
Cesium-137 0.11 0.3 0.62 0.2 8 0.75 0.61 0.4 
Cobalt-GO 0.21 0.54 0.4 1.9 0.25 11 0.62 0.39 
Manganese-54 0.075 u 0.1 u 0.094 u 0.078 u 0.21 u 0.32 0.033 0.066 u 
Plutonium-23 8 0.00035 0.00048 0.0021 0.00054 0.0063 0.0037 0.00081 0.00038 

Plutonium-239 NR NR NR NR NR NR NR NR 

Q., 
ti o· 

::s 0 
= ti tii 
~ >-t ~ i5..: Pl 

~ 
;:ti 

I 
V, • "° i:::, 0\ 

I 

~ 
,_. 

Plutoniurn-23 9/240 0.0011 0.007 0.01 0.0047 0.038 0.033 0.0093 0.0017 
.-+- ,_. 
~ 

Potnssiurn-40 NR NR NR NR NR NR NR NR 
(') 
.-+-
~ 

Stront.ium-90 0.0530 0.11 0.15 0.046 0.75 0.71 0.14 0.092 Q., -· Strontiurn-91 NR NR NR NR NR NR NR NR = 
Ruthenium-] 06 NR NR NR NR NR NR NR NR 

/J) 

= 
Uranium-234 NR NR NR NR NR NR NR NR "1 

~ 
Uranium-235 NR NR NR NR NR NR NR NR (') 

~ 

Uranium-238 NR NR NR NR NR NR NR NR /J) 

Zinc-65 NR NR NR NR NR NR NR NR 
0 -· -Ziconium-95 NR NR NR NR NR NR NR NR 
V, 

,.--.... 
i-o 
Pl 

OQ 
(I) 

---..) 

0 
H) 

"° ..._, 
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Reference Document: WHC-EP-0258 WHC-EP-0258 WHC-EP-0258 WHC-EP-0258 WHC-EP-0258 WHC-EP-0258 WHC-EP-0258 WHC-EP-0258-1 \C 
I 

Location: N-06 N-07 N-08 N-09 N-10 N-11 N-12 N-01 
,-..,. 

Collection Date: 1988 1988 1988 1988 1988 1988 1988 1989 ('j 
Units: oCi/g oCi/g oCi/g oCi/g oCi/!! pCi/g pCi/g oCi/g 0 

= 
Antimonv-125 NR NR NR NR NR NR NR NR n 

('t) 

Bervllium-7 NR NR NR NR NR NR NR NR = -Gross aloha NR NR NR NR NR NR NR NR 
.., 
i:., -Gross beta NR NR NR NR NR NR NR NR ;· 

Eurooium-152 NR NR NR NR NR NR NR NR = V, 

Europium-154 NR NR NR NR NR NR NR NR 0 ...., 
Eurooium-155 NR NR NR NR NR NR NR NR ,::1 

• \0 
I -0 

Cerium-144 NR NR NR NR NR NR NR NR 
Cesium-134 NR NR NR NR NR NR NR NR 
Cesium-137 0.33 0.7 0.4 0.35 0.25 0.6 0.13 0.34 

Cobalt-60 0.34 0.17 0.35 0.3 0.48 0.57 0.15 2.7 

Manganese-54 0.065 u 0.06 u 0.076 u 0.061 u 0.066 u 0.074 u 0.066 u 0.051 u 
Plutonium-238 0.000027 0.00072 0.00026 0.00031 0.00055 0.0012 0.000095 0.000032 

Plutonium-239 NR NR NR NR NR NR NR NR 

i:., 
Q., u ;· 
= 0 
C: u tT1 
!2. '"1 ~ .... ~ 
Q., ~ 
('t) I 
V, • \0 

t:, 0\ 
I 

('t) -- -Plutonium-239/240 0.006 0.018 0.013 0.008 0.0058 0.015 0.00052 0.0088 ('t) 
n 

Potassium-40 NR NR NR NR NR NR NR NR -('t) Q., 
Strontium-90 0.2 0.25 0.16 0.15 0.091 0.22 0.023 0.054 

Strontium-91 NR NR NR NR NR NR NR NR 
s· 
r.n 

Ruthenium-I 06 NR NR NR NR NR NR NR NR 

Uranium-234 NR NR NR NR NR NR NR NR 

C: 

~ 
Uranium-235 NR NR NR NR NR NR NR NR n 

('t) 

Uranium-238 NR NR NR NR NR NR NR NR r.n 
0 

Zinc-65 NR NR NR NR NR NR NR NR 
.... -V, 

Ziconium-95 NR NR NR NR NR NR NR NR ,--.. 
>-o 
~ 

00 
(1) 

00 

0 
>-+, -\0 -.._..., 
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Reference Document: WHC-EP-0258-1 WHC-EP-0258-1 WHC-EP-0258-1 WHC-EP-0258-1 WHC-EP-0258-1 WHC-EP-0258-1 WHC-EP-0258-1 WHC-EP-0258-1 I 
)-,I. 

Location: N-02 N-03 N-04 N-05 N-06 N-07 N-08 N-09 

Collection Date: 1989 1989 1989 1989 1989 1989 1989 1989 (J 
0 

Units: pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

Antimony-125 NR NR NR NR NR NR NR NR 
Beryllium-7 NR NR NR NR NR NR NR NR 
Gross alpha NR NR NR NR NR NR NR NR 
Gross beta NR NR NR NR NR NR NR NR 

= •,.o 
n '.~ 
rt> 

= (J,J ..... .., -a:: I:>) ..... '-..;O o· ~ 

= * Europium-152 NR NR NR NR NR NR NR NR 
Europium-154 NR NR NR NR NR NR NR NR 
Eurooium-155 NR NR NR NR NR NR NR NR 

V, 
'.~ 

0 0:, ...., 
{J,4 :,:; CJ 

I:>) 

• \0 
I 

Cerium: } 44 NR NR NR NR NR NR NR NR 
Cesium-134 NR NR NR NR NR NR NR NR 
Cesium-137 0.85 0.56 0.53 0.21 0.088 0.3 0.2 0.059 

Cobalt-60 2.3 5.9 0.31 0.33 · 0.1 5 0.089 0.23 0.044 

Manganese-54 0.065 u 0.13 0.038 u 0.043 0.04 1 u 0.033 u 0.049 u 0.036 u 
Plutonium-238 0.0028 0.028 0.00071 0.00023 0.00034 0.00051 0.0057 0.00053 

0.. 
d .... 

0 
::, 0 
C: d tT1 
!:.. '"1 ~ a: Pl 

rt> 
::t:> 

I 
V, • \0 

~ 
0\ 

I 

rt> 

Plutonium-239 NR NR NR NR NR NR NR NR 
..... 
rt> 
n 

Plutonium-23 9/240 0.0016 0.17 0.016 0.0033 0.0064 0.027 0.043 0.007 ..... 
rt> 

Potassium-40 NR NR NR NR NR NR NR NR 0.. 

Strontium-90 0.25 0.22 0.17 0.038 0.13 0.19 0.34 0.66 s· 
Strontium-91 NR NR NR NR NR NR NR NR 

r:r.i 
C: 

Ruthenium-I 06 NR NR NR NR NR NR NR NR S' 
Uranium-234 NR NR NR NR NR NR NR NR n 

rt> 

Uranium-235 NR NR NR NR NR NR NR NR r:r.i 

Uranium-238 NR NR NR NR NR NR NR NR 
0 .... -V, 

Zinc-65 NR NR NR NR NR NR NR NR ,,-.. 
Ziconium-95 NR NR NR NR NR NR NR NR 'lj 

Pl 
(JQ 
~ 

\0 
0 ......, 
....... 
\0 

'---' 
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Reference Document: WHC-EP-0258-1 WHC-EP-0258- WHC-EP-0258-1 WHC-EP-0258-2 WHC-EP-0258-2 WHC-EP-0258-2 WHC-EP-0258-2 WHC-EP-0258-2 I ,.... 
Location: N-10 N-11 N-12 N-01 N-02 N-03 N-04 N-05 

Collection Date: 1989 1989 1989 1990 1990 1990 1990 1990 (j 
0 

Units: pCi/g oCi/g pCi/g oCi/g . oCi/g pCi/g pCi/g pCi/g = r') 

Antimony-125 NR NR NR NR NR NR NR NR ti) 

:s 
Beryllium-7 NR NR NR NR NR NR NR NR 
Gross aloha NR NR NR NR NR NR NR NR 
Gross beta NR NR NR NR NR NR NR NR 

-'"I 
~ -o· 
= Eurooium-152 NR NR NR NR NR NR NR NR 
r,, 

0 
Europium-154 NR NR NR NR NR NR NR NR 
Eurooium-155 NR NR NR NR NR NR NR NR 

..... 
::c, 
~ 

Cerium-144 NR NR NR NR NR NR NR NR 
Q.. o· v 

Cesitun-134 NR NR NR NR NR NR NR NR 
Cesium-137 0.063 u 0.17 0.039 0.27 3.8 4 0.27 0.29 

Cobalt-60 0.066 u 0.25 0.14 1.7 4.8 16 0.79 0.38 

Manganese-54 0.046 u 0.042 u 0.046 u NR NR NR NR NR 
Plutonium-238 0.00033 0.00013 0.000032 u 0.0011 0.0044 0.016 0.00083 0.00042 

= 0 
C: v tTJ 
!2. >; 

~ .... 
~ Q.. ::i:, ti) I r,, • '-0 

t:, 0\ 
I 

ti) -Plutonium-23 9 NR NR NR NR NR NR NR NR - -ti) 
r') 

Plutoni um-239/240 0.0062 0.0025 0.00073 0.0075 0.1146 0.11 0.0074 0.0031 -ti) 

Potassi um-40 NR NR NR NR NR NR NR NR 

Strontium-90 0.082 0.042 0.013 0.076 0.067 1.30 0.11 0.056 

Strontimn-91 NR NR NR NR NR NR NR NR 

Q.. 

s· 
00 
C: 

Ruthenium-I 06 NR NR NR NR NR NR NR NR 
'"I 

~ 
Uranium-234 NR NR NR NR NR NR NR NR r') 

ti) 

Uranium-235 NR NR NR NR NR NR NR NR 
Uranium-238 NR NR NR NR NR NR NR NR 

00 
0 .... -r,, 

Zinc-65 NR NR NR NR NR NR NR NR ,..-., 

Ziconium-95 NR NR NR NR NR NR NR NR 
.,, 
~ 

00 
(1) -0 
0 
>-+-, -'-0 
'-' 
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Reference Document: 

Location: 

Collection Date : 

Units: 

Antimony-125 

Beryllium-7 

Gross aloha 

Gross beta 

Europium-152 

Eurooium-154 

Euronium-155 

Cerium-144 

Cesium-134 

Cesium-1 37 

Cobalt-60 

Manganese-54 

Plutonium-2 38 

Plutonium-239 

Pluton ium-239/240 

Potassium-40 

Strontium-90 

Strontium-91 

Ruthenium-I 06 

Uranium-234 

Umnium-235 

Uranium-238 

Zinc-65 
Ziconium-95 

WHC-EP-0258-2 WHC-EP-0258-2 

N-06 N-07 

1990 1990 
oCi/g oCi/g 

NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
0.37 0.99 

0.46 0.15 

NR NR 

0.00024 0.00072 

NR NR 
0.0084 0.023 

NR NR 

0.11 0.22 

NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 

WHC-EP-0258-2 WHC-EP-0258-2 WHC-EP-0258-2 

N-08 N-09 N- 10 

1990 1990 1990 
oCi/g oCi/g oCi/g 

NR NR NR 

NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 

NR NR NR 
NR NR NR 
NR NR NR 

1.0 0.11 0.31 

0.72 0.072 0.29 

NR NR NR 

0.0017 0.00004 u 0.0009 

NR NR NR 

IJ.022 0.0012 0.0061 

NR NR NR 

0.23 0.045 0.098 

NR NR NR 
NR NR NR 

NR NR NR 

NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 

..., 
I:>:) 

O" 
;-

• \.t:) 

WHC-EP-0258-2 WHC-EP-0258-2 WHC-EP-0573 
I -N- 11 N- 12 N-01 

1990 1990 1991 
(j 
0 

oCi/g pCi/g oCi/g = l"') '-.,.'.:l 
NR NR -0 .049 U 

NR NR 0.36 U 

NR NR NR 
NR NR NR 

tb = a,-, 
.... ., -
I:>:) 

{.>,,I 

.... ; · 
....i::: 

= 
'-.0 
-r= 

NR NR NR "' 0 
11 
c;:) 

NR NR -0 .15 U ..... a:, 

NR NR 0.19 
:,:; 
I:>:) 

u,.J -NR NR 0.35 u 
NR NR -0 .37 U 

0.29 0.03 u 0.38 

0.36 0.081 0.0066 u 
NR NR NR 

0.001 0.000095 u 0.00037 

NR NR NR 

0.. ;· d = c:: 0 
~ d tn -· ~~ 0.. 
tb 

"' 
~ 

;i.:,.-:0 
tb °' .... I 

tb 
0.0083 0.0009 0.008 l"') .... 

NR NR 18 
tb 
0.. 

0.11 0.016 0.16 s· 
NR NR NR r:,, 

NR NR 0.026 U 

NR NR NR 

c:: 

~ 
l"') 

NR NR NR tb 

NR NR NR 
r:,, 
0 

NR NR -0 .25 U 
:::; 
"' 

NR NR 0.13 U ,......._ 
--0 
p:i 

00 
(1) 

....... 

....... 
0 ......., 
....... 
\0 ....._,, 
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Reference Document: WHC-EP-0573 WHC-EP-0573 WHC-EP-0573 WHC-EP-0573 WHC-EP-0573 WHC-EP-00573 WHC-EP-0573 WHC-EP-0573 \Cl 
I 

I-' 
Location: N-02 N-03 N-04 N-05 N-06 N-07 N-08 N-09 

Collection Date: 1991 1991 1991 1991 1991 1991 1991 1991 (j 

Units: pCi/g pCi/g oCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 0 
t:I 

Antimony-125 0.027 U 0.2 U -0.055 U 0.12 U -0.038 U -0.022 U 0.084 U 0.012 U 

Bervllium-7 0.52 U 0.96 U -0.78 U 0.44 U 0.91 U -0.74 U 0.55 U -0.24 U 

n 
('I) 

t:I -""1 
Gross aloha NR NR NR NR NR NR NR NR ~ -Gross beta NR NR NR NR NR NR NR NR 
Europium-152 NR NR NR NR NR NR NR NR 

-· 0 
t:I 
V, 

Europium-154 0.031 U 0.44 0.073 U 0.015 U -0. 15 U 0.074 U 0.083 U 0.014 U 
0 ...., 

Europium-155 0.094 u NR -0 .053 u -0.088 u 0.049 u 0.062 u 0.1 u -0.027 u :,0 
~ 

Cerium-144 0.26 u -0.47 u -0.49 u -0.42 u 0. 19 u -0.26 u 0.022 u 0.17 u 
Cesium-134 -0 .36 u 0.14 -0 .32 u -0.34 u -0.068 U -0.15 u -0.29 u -0 .23 u 
Cesium-137 2.6 2.1 0.97 0.55 0.24 0.31 13 0.29 

Cobalt-60 12 50 0.58 0.49 0 .031 u 13 0.75 0.47 
Manganese-54 NR NR NR NR NR NR NR NR 
Plutonium-238 0.0088 0.028 0.00089 0.0004 0.00026 0.00096 0.0013 0.00024 

Plutonium-239 NR NR NR NR NR NR NR NR 

Q.. ;· t1 
::, 0 c:: t1 tn n - ~ ~ ~ 
('I) ~. 
V, • \0 t::, °' I 
('I) ....... - ....... ('I) 

Plutonium-239/240 0.074 0.17 0.0061 0.0078 0.0039 0.1Hl69 0.023 0.0044 n -Potnssium-40 19 15 17 18 16 15 19 
('I) 

16 0.. 

Strontium-90 0.36 0.46 0.22 0.17 0.099 0.039 0.21 0.17 s· 
Strontium-91 NR NR NR NR NR NR NR NR r.n 

C: 
Ruthenium-I 06 1.3 -0 .37 U -0 .2 U -0.44 U 0.014 U -0.15 U 0.091 U 0.082 U 

Uranium-234 NR NR NR NR NR NR NR NR 
S' 
(") 

Uranium-235 NR NR NR NR NR NR NR NR 
('I) 

r.n 
Uranium-238 NR NR NR NR NR NR NR NR 0 -· -Zinc-65 -0 .11 U 0.087 U -0 .58 U -29 U -0 .22 U -0 .24 U -0 .31 U -0.4 U V, 

Ziconium-95 -0.25 U 0.92 U 0.04 U -0.044 U -0.16 U 0.03 U 0.35 0.059 U 
,.-.._ 
'"O 
Pl 

(JO 
(1) 

....... 
N 
0 ......., 
....... 
\0 

'---"' 
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Reference Document: 

Location: 

Collection Date: 
Units: 

Ant imony-125 

Beryllium-7 

Gross alpha 

Gross beta 

Europium-152 

Europium-154 

Europium-155 

Cerium-144 

Cesium-1 34 

Cesinm-1 37 

Cobalt-GO 

Manganese-54 

P]utoninm-2 38 

Plutonium-239 

Plutonium-23 9/240 

Potass ium-40 

Strontium-90 

Strontium-9 1 

Ruthenium- I 06 

Uranium-234 

Uranium-235 

Uranium-238 

Zinc-65 
Ziconium-95 

WHC-EP-0573-1 

N-01 

1992 
oCi/g 

0.0688 

NR 
NR 
NR 
NR 

0.0276 U 

0.0255 u 
NR 

0.00234 u 
0.176 

0.705 

NR 
0. 000455 

NR 

0.00433 

NR 
0.03 68 

NR 

0.0539 U 

0.699 

0. 01 8 

0.723 

NR 
NR 

WHC-EP-0573-1 WHC-EP-0573-1 WHC-EP-0573-1 

N-02 N-03 N-04 

1992 1992 1992 
oCi/g pC i/g pCi/g 

0.0451 U 0.0266 U 0.0 111 U 

NR NR NR 

NR NR NR 
NR NR NR 

NR NR NR 
0.0443 U 2.79 0.0671 

0.0575 u 0.754 0.0323 u 
NR NR NR 

0.0105 U 0.00357 u 0.186 

2.15 I. 61 0.883 

13.8 17.9 0.879 

NR NR NR 
0.004 87 0.0106 0.00095 

NR NR NR 

0.0369 0. 062 0. 00936 

NR NR NR 
0.314 0.5 tl.166 

NR NR NR 

0.445 0.0456 U 0.0775 U 

0.724 0.598 0.753 

0.0206 0.0248 0.028 

0.74 0.6 19 0.712 

NR NR NR 
NR NR NR 

~ 
I)) 

O" 
;:;-
> 

WHC-EP-0573-1 WHC-EP-0573-1 WHC-EP-00573- WHC-EP-0573-1 \Cl 
I 

N-05 N-06 N-07 N-08 
~ 

1992 1992 1992 1992 n 
oCi/g oCi/g pCi/g pCi/g 

0.00407 U 0.0 122 U 0.00214 U 0.0125 

0 

"''° t:S 
(") c;-,,., 
Cb -NR NR NR NR 

NR NR NR NR 
NR NR NR NR 

NR NR NR NR 

::, O'll - -i= ., 
I)) ",,O - -i= -· 0 .. ::, 

c,:) ~ 

0.0285 U 0.0608 0.03 19 U 0.0409 U 0 co ...., u,.J 
0.067 0.0478 0.0348 u 0.0814 :,:; r,.:} 

NR NR NR NR 
I)) 
0.. 

0.0769 0.00547 U 0.000967 U 0.0268 ; · d 
0.425 0.0245 0.646 0.0874 

0.42 0.00293 u 0.08 1 0.00903 u 
NR NR NR NR 

0.000571 0.0000366 u 0.000302 0000118 u 
NR NR NR NR 

0.00418 0.000292 u 0.012 1 0.00105 

::, 0 = d tTJ !::.. "'1 ~ ~ Pl 
Cb ~ 

I 
~ • \0 
t:1 0\ 

I 
Cb -- -Cb 
(") 

NR NH. NR NR -Cb 
0.. 

0.0743 0. 0059 4 0.142 0.0208 -· NR NR NR NR 
::s 
(/) 

0.0168 U 0.0596 U 0.00359 U 0.0101 U = ., 
0.66 0.665 0.586 0.68 ~ 
0.03 0. 028 1 0.0297 0.0258 

(") 
Cb 

0.722 0.661 0.6 14 0.672 (/) 
0 

NR NR NR NR -· -~ 
NR NR NR NR ,-.., 

~ 
Pl 

00 
(1) -vJ 
0 ......., -\0 ...___, 



~ 
~ 
O" 
;-
> 

Reference Document: WHC-EP-0573-1 WHC-EP-0573-1 WHC-EP-0573- 1 WHC-EP-0573- 1 WHC-EP-0573 -2 WHC-EP-0573-2 WHC-EP-0573 -2 WHC-EP-0573-2 
\0 
I 
~ 

Location: N-09 N-10 N- 11 N-1 2 N-01 N-02 N-03 N-04 

Collection Date: 1992 1992 1992 1992 1993 1993 1993 1993 (j 

Units: pCi/g pCi/g oCi/g nCi/g pCi/g pCi/g pCi/g pCi/g 
0 

= A.ntimonv-1 25 0.00823 U 0.01 69 U 0.00655 U 0.0 171 U -0. 19 U -0 .052 U -0.048 U -0.031 U 

Beryllium-7 NR NR NR NR NR NR NR NR 

!") 
~ 

= -""! 
Gross aloha NR NR NR NR NR NR NR NR ~ --· Gross beta NR NR NR NR NR NR NR NR 
Eurooium-152 NR NR NR NR NR NR NR NR 

0 

= "' 
Europiuin- 154 0.00951 U 0.0284 U 0.0022 U 0.0233 U 0.1 0.2 0. 12 U 0 .0083 U 

0 ..... 
Europium-155 0.0492 0.0719 0 .0 187 u 0.0471 0.19 -0 .016 U -0 .023 u 0.048 u ~ 

~ 
Cerium-1 44 NR NR NR NR NR NR NR NR 
Cesium-134 0 .00282 u 0.006 1 u 0.00482 u 0.0176 -0.031 u 0.0 1 l U 0.021 -0.0028 u 
Cesium-1 37 0.419 0.166 0.275 0.866 27 1.3 1.8 0.98 

Cobalt-60 0.117 0.244 0.0728 0.071 5 25 2.1 21 0.6 

Manga nese-54 NR NR NR NR NR NR NR NR 

Plutonium-238 0.0013 0.00041 9 0. 000469 0 .000917 NR NR NR NR 

Plutonium-239 NR NR NR NR NR NR NR NR 

Plutonium-239/240 0.0111 0.110454 0.011 64') 0.0178 0.23 11.025 0.073 11.013 

Q.. 

o· tj 
::, 0 C: tj tn !2- '"1 ~ a; Pl 
~ ::I:> 

I 

"' • \0 
t::, 0\ 
~ 

I - -~ 
!") -Potassium-40 NR NR NR NR NR NR NR NR ~ 
Q.. 

Stronti um-90 0.11 9 0.0516 0.142 0.18 3.5 0.34 0.32 0.17 -· = 
Strontium-91 NR NR NR NR NR NR NR NR (/) 

Ruthenium-] 06 0.00943 U 0.0766 U 0.00897 U 0.0694 U 0. 14 U -0.081 U -0 .33 U 0.15 U C: 
""! 

Uranium-234 0.73 0.633 0.67 0.665 0.089 0.14 0.1 0.079 ~ 
!") 

Uranium-235 0.0246 0.0173 0.0219 0.0278 0.0027 0.0066 0.002 0.0027 ~ 

Uranium-238 0.665 0.0655 0.67 0.67 0.1 0.15 0.1 0.093 

Zinc-65 NR NR NR NR NR NR NR NR 

(/) 

§; 
"' 

Ziconium-95 NR NR NR NR NR NR NR NR ---'"rj 
Pl 

(IQ 
(1) -+>-
0 
>-+) 

\0 
'--,/ 
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Reference Document: WHC-EP-0573-2 WHC-EP-0573-2 WHC-EP-00573- WHC-EP-0573-2 WHC-EP-0573-2 WHC-EP-0573 -2 WHC-EP-0573-2 WHC-EP-0573-1 

\C 
I ,.__. 

Location: N-05 N-06 N-07 N-08 N-09 N- 10 N-11 N-12 

Collection Date: 1993 1993 1993 1993 1993 l 993 1993 1993 ("") 
Units: pCifg pCilg pCilg pCi!g pCi/g pCi/g pCi/g pCi/g 

Antimony-125 -0.00028 U 0.0034 U -0.035 U 0.047 U 0.02 U -0.0036 U -0.055 U -0.036 U 

Bel'r'llinm-7 NR NR NR NR NR NR NR NR 
Gross alpha NR NR NR NR NR NR NR NR 
Gross beta NR NR NR NR NR NR NR NR 

Europium-1 52 NR NR NR NR NR NR NR NR 

0 

= ',,,t,;) n 
tt> .~a--~ 
= - o.,i '"1 
~ ~ -.... '° 0 .....J;:' = c,, '1' 

Eurooium-1 54 -0.052 U -0.031 U OU -0.0043 U 0.09 -0.012 U 0.027 U 0.0073 U 0 ~ -. co 
" 

'· 

Europium-155 0.0 14 u 0.089 u 0.072 u 0.021 u 0.14 u 0.078 0.078 u 0.039 u 
Ccrium-1 44 NR NR NR NR NR NR NR NR 
Cesium-134 -0 .057 u -0.046 U -0.0017 U -0.0007 u 0.0066 u 0.011 u -0.028 u 0.00095 u 

~ L.N 
~ ·w,J 
0.. ;· t:J 

• '-0 
I ..... 

-..) 

, 
\' 

Ccsium-137 0. 098 0.37 0.16 0.096 0.14 0.08 0.22 0.027 

Cobalt-60 0.023 u 0.059 -0.014 U -0 .012 u 0.04 9 0.02 u 0.045 -0 .0 11 u 
Manganese-54 NR NR NR NR NR NR NR NR 

Plutonium-238 N/R NR NR NR NR NR NR NR 
Plutoniufn-239 NR NR NR NR NR NR NR NR 
Pl utonium-239/2'10 0. 00 11 0.0064 0.0042 0.0036 0.0017 0. 001 0.0065 0.00027 

Potassium-40 NR NR NR NR NR NR NR NR 

= 0 = u trJ n 

~ - '-I 

0: ~ 

tt> ~ 
I c,, • '-0 

~ °' I 
tt> ..... - ..... tt> 
n -tt> 

Stron tium-90 0.027 0.11 11. 13 0.13 0.25 0.055 (l.15 0.01 4 

Slrontinm-9 1 NR NR NR NR NR NR NR NR 

0.. 

s· 
en 

Ruthenium-l 06 -0 .0051 U 0.063 U 0.13 U -0. 17 U -0.12 U 0.17 U 0.13 U 0.098 U = 
Uranium-234 0. 13 0.077 0.11 0.13 0.1 0.14 0.15 0.11 

'"1 

S" 
Uranium-235 0.0068 0.0064 0. 0059 0.0058 0.0042 0.0044 0.0075 0.0018 U n 

tt> 

Uranium-238 0.15 0.081 0.12 0.12 0.097 0.16 0.16 0.12 en 
Zinc-65 NR NR NR NR NR NR NR NR 

0 .... -Ziconium-95 NR NR NR NR NR NR NR NR 
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Reference Document: 

Location: 

Collection Date: 

Units: 

Antimonv-125 

Beryllium-7 

Gross nlpha 

Gross beta 

Europium-152 

Europium-154 

Europium-155 

Cerium-144 

Cesium-134 

Cesium-137 

Cobalt-60 

Mnngnnese-54 

Plutoniurn-238 

Plutonium-239 

l'lutonium-239/240 

Potassiurn-40 

Strontium-90 

Strontium-91 

Ruthenium-I 06 

Urnniurn-234 

Urnnium-235 

Urnniurn-238 

Zinc-65 
Ziconium-95 

UNI-1581 

T-01 

1980 
pCi/g 

NR 

NR 

NR 

NR 

NR 

NR 

0.09 

ND 

ND' 

0.43 

2.62 

0.26 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 
NR 

UNl-1581 UNI-1581 UNI-1581 

T-02 T-03 T-04 

1980 1980 1980 
pCi/g pCi/g pCi/g 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR · NR 

ND 0.16 ND 

1.73 0.56 0.48 

0.29 0.24 0.25 

4.76 4.43 4.66 

33.10 8.31 9.93 

5.17 2.07 1.83 

NR NR . NR 

NR NR NR 
NI{ NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 
NR NR NR 

1-3 
~ 
O' 
;-

UNI-1581 UNI-1581 UNI-1581 UNI-1581 UNI-1581 >-\C 
T-05 T-06 T-07 T-08 T-09 I 

~ 
1980 1980 1980 1980 1980 
pCi/g pCi/g pCi/g pCi/g pCi/g n 

0 
NR NR NR NR NR = n 
NR NR NR NR NR !'!> 

= NR NR NR NR NR -., 
NR NR NR NR NR 

~ --· NR NR NR NR NR 0 

= NR NR NR NR NR "' 0 
0.12 ND ND ND ND 

ND ND ND ND ND 

...... 
~ 
~ 

0.37 ND ND ND ND 

6.03 0.21 0.74 0.21 0.84 

11.4 1 1.7 0.3 0.39 

2.99 0.1 0.37 ND ND 

NR NR NR NR NR 

NR NR NR NR NR 
NR NR NR NR NR 
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Reference Document: 

Location: 

Collection Date: 

Uni ts: 

Antimonv-125 
Bervllium-7 
Gross aloha 
Gross beta 
Europium- 152 
Eurooium-154 
Europium-155 
Cerium-144 
Cesium-134 
Cesium- 137 
Cobnlt-60 
Mangnnese-54 
Plutonium-238 
Plutonium-239 
Plutonium-239/240 
Pol:issium-40 
Strontium-90 
Strontium-91 
Ruthenium- I 06 
Urnnium-234 
Urnnium-235 
Urnnium-238 
Zinc-65 
Ziconium-95 

UNl-1581 UNl-1581 

T-01 T-02 

1980 1980 

pCi/g oCi/g 

NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 

0.09 ND 
ND 1.73 
ND1 0.29 
0.43 4.76 
2.62 33.10 
0.26 5.17 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 
NR NR 

UNl-1581 UNI-1581 UN!-1581 

T-03 T-04 T-05 

1980 1980 1980 
oCi/g oCi/g oCi/g 

NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 

0.16 ND 0.12 
0.56 0.48 ND 
0.24 0.25 0.37 
4.43 4.66 6.03 
8. 31 9.93 11.4 
2.07 1.83 2.99 

NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
NR NR NR 
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oCi/1! pCi/g pCi/g oCi/g 
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NR NR NR NR 
NR NR NR NR 
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0. 21 0.74 0.21 0.84 
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0. 1 0.37 ND ND 
NR NR NR NR 
NR NR NR NR 
NR NR NR NR 
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Reference Document: 

Location: 

Collection Date: 

Units: 

Antimony-125 

Bervllium-7 
Gross nlphn 
Gross beta 
Europium-152 
Europiurn-154 
Europiurn- 155 

Ceriurn-144 
Cesium-134 
Cesium-1 37 

Cobnlt-60 
Manganese-54 

Plutonium-238 
Plutonium-239 
Plu tonium-239/240 
Potassium-40 
Strontium-90 

Strontium-91 
Ru theniurn-106 

Uraniurn-234 
Urnnium-235 
Urnniurn-238 

Zinc-65 
Ziconium-95 

WHC-EP-0573-3 

Y601 

1994 

pCi/g 

0.003 
NR 
NR 
NR 
NR 

-0 .012 
0.0 51 

-0.076 
-0 .0034 

0.051 
0.87 

NR 
0.00 12 

NR 
0 .0052 

12 
0 .024 

NR 
0.075 

0 .1 4 

0.0041 
0.13 

-0.0 12 
-0 .098 

WHC-EP-0573-3 WHC-EP-0573-3 

Y602 Y603 

1994 1994 

pCi/g pCi/g 

0 .034 0.037 

NR NR 
NR NR 
NR NR 
NR NR 

0.028 0 .0 15 
0.048 0.051 
0.045 -0.054 

0.0083 -0 .03 1 

2.3 4 
4 13 

NR NR 
0 .0091 0.014 

NR NR 
0.0046 0.078 

15 13 
0.54 0.9 

NR NR 
-0.13 0 .084 

0.093 0.09 
0.0059 0.0076 

0 .089 0.091 
-0 .064 -0.12 

-0.0019 0.061 

""3 
~ 
O" 
;--
> \C 

I 

WHC-EP-0573-3 WHC-EP-0573-3 WHC-EP-0573-3 WHC-EP-0573 -3 
,__. 

Y604 Y605 Y606 Y607 Cj 
1994 1994 1994 1994 0 

= pCi/g pCi/g pCi/g pCi/g n 
(t) 

0.0044 0.024 -0.011 0.021 = -NR NR NR NR 
.., 
~ 

NR NR NR NR -o· 
NR NR NR NR = en 
NR NR NR NR 0 

-0 .046 0.0035 -0 .03 1 0.006 1 
0.049 0.051 0.049 0.03 1 

..., 
:;::::, 
~ 

0.0094 -0.075 -0.036 0.0 12 
-0. 12 -0.033 -0.037 -0 .01 I 

0.8 0 .24 0.25 0.4 7 
0.34 0.32 0.095 0.049 

NR NR NR NR 
0.018 0.004 0.00042 0.00034 
NR NR NR NR 

0.0096 0 .0017 0.0039 0.016 

Q., 

o· C1 
::, 0 c:: C1 tI1 
~ ..., 

~ .... 
p) Q., !=I:> (t) I en • \0 

t::, 0\ 
(t) 

I - ...... (t) 
n 

14 0. 15 16 14 
..... 
(t) 

0. 15 0.044 0.072 0.1 ,1 Q.. .... 
NR NR NR NR ::, 

0.00031 -0.0 17 -0 .074 0.023 [f) 
c:: 

0.08 0.057 0.069 0.064 
0.0034 0.003 0.0023 0.0026 

.., 
;-, 
n 

0.079 0.06 1 0.071 0 .063 (t) 

-0.24 -0.17 -0.19 -0 .072 
0.064 0.022 0.046 -0 .045 

[f) 

::. -en 
,.-..._ 
1-ij 
p) 

00 
(I) 

...... 
00 

0 ...., 
\0 ...__, 
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Refe rence Document : WHC-EP-0573 -3 WHC-EP-0573 -3 WHC-EP-0573 -3 WHC-EP-05 73-3 WHC-EP-05 73-3 

Loca tion: Y608 Y609 Y6 10 Y611 Y6 12 

Collec tion Date: 1994 1994 1994 1994 1994 

Uni ts: pCi/g pCi/g pCi/g pCi/g pCi/g 

Antimonv-125 -0.0 18 0.0 15 0 .023 0.0 13 -0.006 5 

Berylfium-7 NR NR NR NR NR 

Gross alpha NR N R NR NR NR 
Gross be ta N R NR NR NR NR 
Europium- 152 NR NR NR NR NR 
Euro pium-154 -0.027 0 .0077 -0.038 0.032 -0.024 

Eurooium-155 0.049 0.06 1 0 .064 0.083 0.0 16 
Ccriurn-1 44 0.088 0.054 0.033 0.086 -0.047 

Cesiu rn-1 34 0.003 7 -0.0 53 0.00 19 0.0094 0.0049 
Cesium-1 37 0. 11 0.087 0.44 0.78 0. 11 
Cobalt-60 0.28 0.0 15 0. 16 0.36 0 .074 
Manganese-54 NR NR NR NR NR 
Plutoniu m-238 0.0003 1 0.000 I 8 0.00 11 0.00 1 -0.0000 16 
Plutoniu111-239 NR NR NR NR NR 
Pl11tn11i 11111 -239/240 0.0019 0.00 12 0.007 0.02 1 0.0005 I 
Po ta ssi11111-40 11 I 5 16 15 11 
Stront i11111-90 0.0064 0.045 0.1 0.23 0.019 
Strontiu111-9 l NR NR NR NR N R 
Ruthe11iu111- I 06 0.022 -0.034 0.072 -0.0 18 -0 .084 
Urnniurn-234 0.092 0.058 0.07 1 0.068 0 .048 
Ura niu111-235 0.006 0.00 15 0.0033 0.0022 0 .00 19 
Uruniu m-238 0. 1 0.06 0.073 0.073 0.0 59 
Zinc-65 -0.0 18 -0 .21 -0.0 1 -0.07 -0.089 
Ziconi um-95 -0. 1 0.035 -0. 15 -0.092 -0.029 

ND' = Not detected, no detec tion limit given. 

ND = Not detected 

NR= Not reported. U = Not detected at specified detection limit. 

bSnmple si tes relocted in FY 1986 

References: 

UNJ-1 58 1 = Rndio logicnl Surve ill ance Report for the ! OO -N Arca• FY 1980, p. 10. 

UNl-2640 = UNC Environmental Surve ill ance Report for the I 00 Areas - FY 1983 

UN!-3069 = UNC Envi ronmenta l Survei ll ance Report for the 100 Areas - FY 1984 

UNI-3760 = UNC Environmental Surve ill ance Report for the 100 Areas - FY 198 5, p. I G, 30. 

UNJ-4065 = UNC Environmenta l Surve illance Report for the I 00 Area· FY 1986, p.29. 

WHC-EP-0 16 1 = Westinghouse H anford Company Environmenta l Suvei ll ance Annu al Report• 100 Area= FT 1987, p. E-3. 

\VHC-EP-0258 = Westinghouse Hanford Company Environmenta l Suvei ll ance Annua l Report• I 00 Area= FT 1988. 

WHC-EP-0258-1 = Westinghouse Hanford Compnny Environmental Suvei ll ance Annual Report • I 00 Area = FT 1989. 
WHC-EP-0258-2 = Westinghouse Hanford Company Environmentn l Suve ill nnce Arrnual Report - 100 Arca= FT 1990 

WHC-EP-0573(1)(2)(3) = \Vestingh01cse H1111ford Company Enviromnentnl Suve ill nnce Ann un i Report - I 00 Aren = FT 1991, 1992, 1993, 1994 
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~ t: 
Cl) ;:i 

~"' '-',,:, 
..cl = .... ;:i 
p.. 0 

0 ~b 

0 
5 

10 

15 

20 
25 
30 
35 
40 

45 
50 
55 

GO 
GS 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

'<t 
V""I 

I 
Cl) 

"' <U 0 

§ ~ DJ) 

~ .D 
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0.78 3.54 

0.87 12 .2 

1.07 1.71 

49 .8 169 

182 2TI 

RW#l 
1982 

0 
c-- "I" M 

. § j 
0 

j 
"' ol E en .D 

~ o': 8 

6.64 11.7 0.45 

12 .3 12.3 0.09 

11 11.4 3.68 

323 12 .8 1.53 

1836 10 0.61 

I I.I 0.15 

12 0.11 

13.6 11 

12 .4 10.5 

11.8 7.7 

11.5 7.28 

RW#2 
1982 

M M 
0 V""I 

0 0 

1 
N ,' c-- ..... .i c--,,.., ...... I § M 

,' M 2 0 ,' ·a ...... j ·a .§ I 0 .§ <U <U 

·E 
V) 

ol <U 

-E :® E -E en .D "' ~ 
Cl) ~ o': 8 ~ ~ u ..9 

0.08 0 .07 0 .13 

0.12 10.3 0.05 

2.46 10.1 0 .03 

1.4 0 .26 9.89 0.05 

1.02 0.04 9.4'1 0.01 

10.1 0.03 

II.I 0.02 

0.07 11.5 0.03 

0.69 1.97 I I.I 0 .03 0.04 

0.72 I 11.5 0. 71 

0.27 7.61 1.56 14.2 0.93 0. 19 
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~ o': 8 ~ ~ ..9 ..9 

11 

11.2 0 .02 0,07 0 .05 

10.7 0.01 

0.19 I 1.6 

12 .1 

13 .2 

0 .27 12 .5 0 .38 0 .03 

1.26 I. I 13 .2 0.68 0.05 

13 .6 1.44 0.08 0.96 

15 2.34 1.24 

12.1 1.64 2.94 

N-27 
1984 

V""I 
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1 0 

j 0 

·E en ol V> 

~ 
.D 

~ 8 
310 1.1 

57 

55 

51 

62 

69 

65 

124 1.1 

0.15 126 0 .8 

173 2.5 

1138 58.8 

366 15.4 

0.99 262 6. 1 

1.39 268 7 .3 

1.35 
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978 0.3 

55 
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N-29 N-30 N-31 N-32 N-33 N-34 N-35 N-36 
1984 1984 1984 1984 1984 1984 1984 1984 
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.=? ~ 

<I) u 
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0 1 ~.,, 
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.._, "d j § 
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j 
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i:,.. 0 

~ 
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~ ~ tS tS tS ~ 
0 0,.. 0 

~ ::3 c'5 loD u 
0 1025 6.2 0.9 
5 54 3.1 0.7 0.3 50 50 45 25 50 90 60 

10 57 8.2 0.6 I 50 50 40 25 50 75 50 
15 50 2.7 0.6 0.6 50 50 40 25 50 75 60 
20 46 5.1 0.4 0.7 so so so 25 50 75 50 
25 69 9.8 0.6 0.6 50 60 55 25 50 100 50 
30 64 11. 1 0.8 0.7 SU 60 SU 25 so 250 55 

• 35 67 0. 1 9.4 0.7 0.8 so 60 50 25 so 175 55 
>-' 

0 40 69 9.1 0.8 I . I 50 GO 50 25 50 500 70 
I 

.j:::.. 45 79 11.8 1.4 0.4 GO 60 55 so 60 4000 GO 
50 92 0.1 8.3 0.5 0.5 75 75 70 50 60 2500 55 
55 109 0.1 11 0.5 0.7 90 75 90 GO GO 2100 45 
60 151 0.9 9. 1 0.6 0.6 100 75 100 GO 75 2500 55 
65 430 9 13.8 0.9 0.5 100 75 65 75 80 2500 70 
70 175 1.3 12.9 0.8 0.5 140 100 60 75 100 55 
75 129 I JG 0.9 0.7 150 125 55 125 50 
80 147 1.6 12.3 I. I 0.5 200 100 60 100 60 
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90 
95 
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110 
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1984 1984 1984 1984 

0 

0 1 § ~ § 
Ul 

·:;; 
-~ Ul Ul Ul 

Ul E ·c: Ul Ul Ul 

~ 
.D 

~ 
0 0 tS 8 ~ s c'5 c'5 

171 10 0.7 0.6 
105 17.6 1.1 1.4 60 55 65 
84 11.3 0.6 I 60 50 60 
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78 9_,1 0.9 0.7 65 60 70 
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68 9.6 0.5 
70 9.8 
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Table Al0-1. Spectral Gamma Logging and Field Screening Results for Wells Near 
1301-N/1325-N (Page 6 of 6) 
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Figure Bl-1. 199-N-107A Borehole Log (Page 1 of 10) 

I - BOREHOLE LOG 

I
-.,.,,~="°· g2_~3(; LJ q9· N -1C5/f0 

_ I of /0 ---

l.ocr- r,b ........,. 01, 3 .:rr&?C. ~,-z.q ,on 

f)(!, UkeKes ~- 1;f6i90 
? 

.......... By Re.._ ..i By ;#t/4 jt.v. 14/ter 0
_ 1-3/ -'?{, 

CS..,N'l'mr-1 7 I ~·-, 
/30//J{!_. le . -f-, · 

s- ,_.o........ c-
Oe,Hh 

o......, a-.., H-. o-- &y,,,bol. Grein Sae 

c.±:L..1 1.,... -. .... Loq ~ .ao,~. eoio,. --. o.,,,t, of C.ol,,q. o.-...-. C.... 
end Ho . ---, eo......t.-.0.---- Saw 6 T.,,... Bit IIIN. W- '---' 

Mc.,.__ 51n. Ao-tD HO 

- oO 
- lJo 

Rat"J::+; ·; 1 - nor /o,:;c;,P_,,./ hu 
Q.) a-~ oqt's+ 

.,.,, J - <:) 

~ 
0 V V 

- ~a 
I-

- ~ 00 
- 60 
- 00 - oO 

2.- Oo -
- ao 
- oa 
- 00 

3- Do -
- Do 
- 0 0 - 00 ¥-- 6 ... 

- 0 

- 00 
- 00 
- oO 

?- 0 0 I - 0 
- oo I 

I -
0 ! 

-
6- 00 

- 0 
- K'.J a -
- 00 

7- 00 
- 0 
- 00 .. 

-,-- . . 
00 - \ 
() 

A...Al'W'W'l..1•1-•--

Bl-3 



o/ 
•'o, 

•'c,,;, 

/0 

'A~ 
JI 

. -D< 

•"t: 

/2 
l/ 

-;.,.~ 

/3 
,.]) ,;, 

.. C. ~ 

I</-
•-s-t-

15"-

DOE/RL-96-11 
Draft A 

Figure Bl-1. 199-N-107A Borehole Log (Page 2 of 10) 
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Figure Bl-1. 199-N-107A Borehole Log (Page 3 of 10) 
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Figure B4-l. 199-N-107A Geophysical Data Package (Page 1 of 5) 

RADIONUCLIDE LOGGING SYSTEH 
Log Analysis Sull1llary Report 

Borehole: 
Log Types: . 

B2536C lC\9-tJ- \D7A-J 
HPGe Spectral Gamma-Ray 
Neutron Moi.sture 

General Notes: 

Report Date: Jan 17, 1996 
Final Log Date: Dec 21, 1995 

The borehole was surveyed after the IO-inch and 8-inch casings was advanced to 
their maximum depth, on December 1 and December 21, 1995. The survey depths 
are measured from top of casing. The borehole was surveyed with two HPGe 
detector sizes to assure accurate measurement of radionuclide concentrations 
at low and high activity levels. The low activity detector, RLSG3.0, contains 
a 35% germanium crystal that has detection range of 0.2 pCi/g to 500 pCi/g 
befor~ electronics dead-time exceeds 40%. The high activity detector, 
RLSGS.O, contains a 10% germanium crystal inside a tungsten shield that 
reduces the observed gamma-ray activity by 1100%. The high activity probe 
also contains a cadmium-zinc-tellurium (CZT) detector for excessive count-rate 
intervals. The CZT detector was used to record the activity from 8' to 11' 
where both germanium detectors were saturated. 

The computed radionuclide concentration could not be computed from 8' to 11' 
when the detector counting system was satHrate.d. The computed radionuclide 
concentrations for all other log runs (RLSG3.0, RLSGS.0, single and double 
casings) and repeats are di~played on the data plot. 

The concentrations of the naturally occurring radionuclides potassium, 
uranium, and thorium are typical for Hanford sediments. The high gamma-ray 
activity from 2' to 25' masked the natural gamma-ray activity, preventing 
reliable detection of the natural radionuclide concentrations. 

Neutron Moisture 
The neutron moisture survey is displayed with the spectral gamma survey . 
Moisture -variations show good correlation with the contaminant distribution 
profile. Interpretation notes have been added to the log data plot. Note at 
64' that the moisture and contaminant change is not consistent with the log 
responses above this depth. 

Han-made Radionuclides 
1 

Cesium (Cs-137) was identified from the surface to the maximum survey depth of 
74'. The decay activity exceeded 200 pCi/g from 1.5' to 25.5', and exceeded 
5000 pCi/g from 7' to 22'. The maximum activity encountered was 22,000 pCi/g 
at 14.5 '. The cesium activity between 8' and 11' is unknown. 

Cobalt (Co-60) was identified from the surface to the maximum survey depth of 
74'. The decay activity exceeded 200 pCi/g from 1.5' to 20.5', and exceeded 
5000 pCi/g from 7.5' tri 11'. The maximum activity encountered was 9000 pCi/g 
at the base of the detector saturation zone at 11', indicating that cobalt 
likely exceeds 9000 pCi/g between 8' and 11'. 

B4-3 
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Westinghouse Hanford Company 
Radionuclide Logging System Log Header 

Project 
Borehole 

1301-N LWDF 
WIO# = B2536 (1qq-1v -107AJ 

Log Types: HPGe Spectral Gamma-Rav 
Neutron Moisture 

Borehole Environment Information 
Borehole liquid depth 73 (ft) from Ground Level 

Casing size Casing thickness Top depth Base depth 
(in. ) (in. ) (ft) (ft) 
16 0.5 0 9 
10 0.5 -0.6 17 
8 0.5 -1.0 77 

RLS P ass,ve S t l G ,pee ra arrrna s f urvey In orma ,on 
Logging Engineer(s) J . E. Meisner J. R. Kunk E. R. Selle 
Loq depth reference at zero (0.0) deptrr is -Too of Casinq 

Log Date Archive Disk Log mode ·speed Depth interval (ft) 
Detector ID Top Base Iner 

Dec l' 1995 82536\8071 FIXED 0.7 fpm 0 16 0.5 
RLSG3.0 (35%) " n 0 5 0.5 

Dec l, 1995 B2536\B072 FIXED 0.7 fpm 0 16.5 0.5 
RLSG5. 0 (10%) n " 11 16.5 0.5 

Dec 21, 1995 B2536\B079 FIXED 0.7 fpm 15 74.5 0.5 
RLSG3.0 (35%) " II 63 .74.5 0.5 

Dec 21, 1995 82536\B080 FIXED 0.7 fpm 8 30 0.5 
RLSG.5. 0 (10%) II II 20 30 0.5 

Dec 21, 1995 B2536\MS35 MSA 30 sec 6 70 . 0.5 
RLSMI. l moist " " 53 57 0.5 

" " 63 68 .25 
1-'tU: r1xe<1 Velocny o t L-aole :,peed M~'"' : Move•~top-AcQutre tpm: teet per m,nuu, 

Calibration and Analysis Information 

RLS Calibration Date: Mar 22, 1995 (HPGe- 35%), Nov 20, 1995 (HPGe-10%) 
Calibration Report: WHC-SD-EN-TI-292, WHC-SD-EN-TI - 306 

Analyst Name(s): 
Analysis Date: 

R. K. Price 
Jan 17, 1996 

Analysis Notes: HPGe detectors saturated (8-11 ') for both probes 
Radionuclides Identified: Cs-137 22,000 pCi/q @14.5' Co-60 9000 @11.5' 

B4-4 
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Borehole: 
Log Types: 

DOE/RL-96-1 1 
Draft A 

Figure B4-2. 199-N-lOSA Geophysical Data Package (Page 1 of 5) 

RADIONUCLIDE LOGGING SYSTEM 
Log Analysis SUTl'lllary Report 

82537(1°t9-N - I oift) 
HPGe Spectral Gamma Ray 

Report Date: Dec 5, 1995 
Final log Date: Dec 1, 1995 

General Notes: 
The borehole was surveyed after each casing was advanced to its maximum depth, 
on November 13 and December 1, 1995. The survey depths are measured from top 
of casing. The borehole was surveyed with two HPGe detector sizes to assure 
accurate measurement of radionuclide concentrations at low and high activity 
levels . The low activity detector, RLSG3.0, contains a 35% germanium crystal 
that has detection range of 0.2 pCi/g to 500 pCi/g before electronics dead
time exceeds 40%. The high activity detector, RLSGS.O, contains a 10% 
g~rmanium crystal inside a tungsten shield that reduces the observed gamma-ray 
·activity by 1100%. 

High gamma-ray activity, exceeded 40% dead-time, f~om 16' to 23' for one of 
the four survey runs though the interval. The computed radionucl ide 
concentration for this portion of the survey is not displayed. The computed 
radionuclide concentrations for all other log runs (RLSG3.0, RLSGS.O, single 
and double casings) and repeats are displ~yed on the data plot . . . 

Interpretation notes have been added to the data plot. Note at 21' the 
distribution ratio between cesium and cobalt change, with an increase of 
cesium between 21' and 23'. 

The "Total Gamma" curve from the RLSG3.0 detector is displayed on the data 
plot. The two "thin-line" curves from 25' to 36':show the gamma-ray 
attenuation encountered through the second (8") casing for the over-lapped 
interval. 

The concentrations of the naturally occurring radionuclides potassium, 
uranium, and thorium are typical Ior Hanford ~ediments. 

Due to restricted field coverage in Radjation Control Areas, no neutron 
moisture survey was acquired by WHC in this borehole. 

Han-made Radionuclides 
Cesium (Cs-137) was identified near the ·surface, from 1' to 39'. The decay 
activity exceeded 200 pCi/g from 15' to 23.5', and exceeded 5000 pCi/g from 
17' to 22'. The maximum activity encountered was 12,000 pCi/g at 18'. 

Cobalt (Co-60) was identified from near the surface, from 1' to the maximum 
survey depth of 72'. The decay activity exceeded 200 pCi/g from 16' to 22.5'. 
The maximum activity encountered was 2230 pCi/g at 18'. 
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Draft A 

Figure B4-2. 199-N-108A Geophysical Data Package (Page 2 of 5) 

Westinghouse Hanford Company 
Radionuclide Logging System Log Header 

Project 
Borehole 

1301-N LWDF Log Types: HPGe Spectral Gamma-Ray 
WID # - 82537 (19q_f,.)-1ogA-') Neutron Moisture 

Borehole Environment Information 
Borehole liquid depth 72.3 (ft) from zero (0.0) depth reference of log 

Casing size Casing thickness Top depth Base depth 
(in.) (in.) (ft) (ft) 
10 0.5 -0.6 36.5 
8 0.5 -0.4 72 

RLS P ass,ve Spectra Garrma Survey Information 
Logging Engineer{s) J. E. Meisner J. R. Kunk J. P. Kiesler 
Log depth reference at zero (0.0) depth is Too of Casino 

Log Date Archive Disk Log mode speed Depth interval (ft) 
Detector ID - .- . Top Base Iner 

Nov 13, 1995 82537\8070 FIXED 0.7 fpm 0 36.8 0.5 
" " 31.8 36.8 0.5 

RLSG3.0 (35%) " " 25.0 32.0 0.5 
Nov 13, 1995 B2537\B071 FIXED 0.7 fpm 12 32 0.5 

" " 27 30 0.5 
RLSG5.0 (10%) " " 29 32 0.5 

Dec 1, 1995 B2537\B073 FIXED 0.7 fpm 20 70.0 0.5 
RLSG3.0 (35%) II " 62 72.4 0.5 

Dec 1, 1995 B2537\B077 FIXED 0.5 fpm 10 30 0.5 
RLSGS.0 (10%) " 0.7 fpm 10 30 0.5 

• IAtU : roxed \leloc1ty ol l.aole ;,peeo pm: ,eet per minute 

Calibration and Analysis Information 

RLS Calibration Date: Mar 22 , 1995 {HPGe-35%), Nov 20, 1995 {HPGe-10%) 
Calibration Report: WHC-SD-EN-TI - 292 

Analyst Name{s): 
Analysis Date: 

R. K. Price 
Dec 5. 1995 

Analysis Notes: HPGe(35%) detector saturated thru zone in single casing 
Radionuclides Identified: Cs-137, Co-60 (max 12.000 & 2230 pCi/g@ 18') 
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Figure B4-3. 199-N-109A Geophysical Data Package (Page 1 of 5) 

RADIONUCLIDE LOGGING SYSTEM 
Log Analysis Su1m1ary Report 

Borehole: 
Log Types: 

B2539 (199-"-l-\ 01 tt) 
HPGe Spectral Gamma Ray 
Neutron Moisture 

General Notes: 
The borehole was surveyed after each 
on December 20 and January 2, 1996. 
of casing. 

Report Date: Jan 22, 1996 
Final Log Date: Jan 2, 1996 

casing was advanced to its maximum depth, 
The survey depths are measured from top 

The computed radionuclide concentrations for both log runs and repeats are 
displayed on the data plot. The depth reference of the data plots is the 
gound level. 

·The concentrations of the naturally occurring radionuclides potassium, 
uranium, and thorium are typical for Hanford sediments . The interface between 
the Hanford formation -and Ringold formation is established at 44' and is 
identified by an increase in potassium content. 

Neutron Moisture _ 
The neutron moisture survey is displayed with the spectral gamma survey. 
Moisture variations show good correlation with the contaminant distribution 
profile. Interpretation notes have been added to the log data plot. Note at 
58' that the moisture repeat at 0.25' increment identified fine stratification 
in the sediments. 

Nan-made Radionuclides 
Cesium (Cs-137) was identified from 5' to 14'. The decay activity exceeded 
200 pCi/g from 7.5' to 9'. The maximum activity encountered was 420 pCi/g at 
8. 5 I• 

Cobalt (Co-60) was identified from the surface to the maximum survey depth of 
65'. The maximum activity encountered was 175 pCi/g at 8'. 
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Figure B4-3. 199-N-109A Geophysical Data Package (Page 2 of 5) 

Westinghouse Hanford Company 
Radionuclide Logging System Log Header 

Project 
Borehole 

1325-N LWDF Log Types : HPGe Spectral Gamma-Ray 
WIO # - 82539 (1'f'i-AJ· 1oqA) Neutron Moisture 

Borehole Environment Information 
Borehole liquid depth 63 (ft) from ground level I 

Casing size Casing thickness Top depth Base depth 
(in . ) (in . ) (ft) (f t) 
10 0.5 -0.91 21.9 

8 0.5 -2.0 64 . 6 

RLS P ass1ve S t l G ,pee ra a1T1T1a s urvey I f n orma 10n 
Logging Engineer(s) J. E. Meisner - . ,E. R. Selle 
Loq plot depth reference at zero (0.0) depth is Ground Level 

Log Date Archive Disk Log mode speed Depth interval (ft) 
Detector ID Top Base Iner 

Dec 20, 1995 B2539\8078 FIXED 0.7 fpm 0 21 0.5 
RLSG3.0 (35%) " " 0 21 0.5 

Jan 2, 1996 82539\BOBl FIXED 0.7 fpm 0 66 0.5 
RLSG3.0 (35%) It It 55 66 0.5 

Jan 2, 1996 B2539\MS36 MSA 30 sec 6 64 0.5 
RLSMl.l moist It " 55 64 .25 

·IA.tu : ,..,,u,d Ve1oc1ty ol l,..abie ::,peeel ~:>A : Mov,,• ::,top•ACQUlf O 1pm: teet pe r rnrnuu, 

Calibration and Analysis Information 

RLS Calibration Date: Mar 22, 1995 (HPGe-35%), Aug 31, 1995 (Moisture) 
Calibration Report: WHC-SD-EN-TI-292, WHC-SD-EN-Tl-306 

' Analyst Name(s): 
Analysis Date : 

R. K. Price 
Jan 22. 1996 

Analysis Notes: Geology chanae at 54' retained migrating contaminants 
Radionuclides Identified: Cs-137. Co-60 (max 420 & 175 pCi/g@ 10') 
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Figure}34-4. 199-N-35 Geophysical Data Package (Page l..of 8) 

RLS Borehole Survey Reoort 

Borehole: 199-N -35 

Casing 
Water 
Survey 

Depth: 0 ' - 64' 
n/a 
Depth: 0' - 47' 
Depth: 40 ' - 62' 
Depth ref: Top-of -casing 

General Notes : 

Size: 6" 

Report Date: June 23. 1995 

Thickness: 0.25" 

Date: Jun 15. 1995 
Date: Jun 21. 1995 
Casing stick-up: l ' 

Activities on June 15. 1995 included : (1) Determine well/water depth from an 
acoustic depth instrument (43 ft ). (2) Swab well for internal contamination 
prior to logging. The maximum swab depth of 43.3 ft corresponds to a 
telescooing screen (unknown configur2tionl from 44' to 64'. (3) The well was 
surveyed to 47' without reaching bottom . loggi ng w2s aborted for fear of 
sticking the tool in the screen. Remote access to the well dictated that 
survey data from 5 ft to Oft be acqu i red using manual methods. 

Activities on June 21. 1995 included: (ll Run "E-Tape" to determine water 
depth (62.25 ft). (2) Run dummy probe to check fo r restrict ions in the ho l e. 
(3) Complete Spectral-Gamma survey to 62 ft. (4) Run neutron moisture survey 
to 62 ft . 

All Spectral-Gamma survey data are included on the plots. A separate plot 
t hat combines the Total-Gamma and moisture survey is included. The survey 
depths are measured f rom top of casing. 

The highest total gamma activity encountered (162.000 cps) occurred at the 
surface (0 ft). The measurement taken at th~ surface cont ained very high 
count rate with no gamma- ray peaks identifi able in the spectra. which is . 
characteristic of back-scatter gamma-rays. probab ly from the crib its self. 

The concentrations of the naturally cccurring radionuclides potassium. 
u~aniu~. ·and thorium (KUT) are typical for Hanford sediments. 

The potassium and tho r ium activity decreases from 32' to the maximum survey 
dept h. indicating a probable change in geology . 

Ma n-made Radi onucli des 
Cobalt (Co-60) was identified from the surface to 6' and from 23' to the 
maximum survey dept h of 62'. The maximum activity encountered was less tha n 
20 pCi/g. 

Antimonv (SB-125) was detected from 30 ' to the maxi mum survey depth of 62'. 
When detected the concentration is aoproximateiy ha1f the concentration of 
cobalt . The maximum activity encounrered was less than 10 pCi/g . 

Cesium (Cs-137 ) and Europium (Eu-152) are commonly encountered in the 100 
Areas. but were not identified in the survey spectra. The plot tracks are 
shown for oresentation uniformity. 
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Figure B4-4. 199-N-35 Geophysical Data Package (Page 2 of 8) 

Westinghouse Hanford Company 
RLS Spectral Gamma-Ray Borehole Survey Log Header 

Project : 1325-N LWDF 

I 

Boreho le 
Coordinates 
Elevation 

199 -N-035 
7485 N 

449 .38 ft 
4390 \·/ ft 

Dri ll Date Aor 1984 
(N-Area System ) 

Top of Casi ng 

Borehole Environment Information 

Borehole liquid deoth na (ft ) from zero (0.0 ) deoth reference of log 

Casing size Casing thickness Top depth Base depth 
(in. ) (in . ) (ft) (ft) 

6 

I 

0.25 

I 

0 

I 

64 

L as.sive ,pectra R S P S Gamma Survey Information 

Logging Engineer(s) R. K. Price J. E. Meisner. J. P. Kiesler 
Log deoth reference at ze ro (0.0) deoth is 100 of Cas ino 

Log Date Archive Log mode speed Depth interva l (ft) 
file names Too Base Iner 

Jun 15. 1995 HlN035\B061 FIXED 0. 7 fpm 5 42 0.5 
- FIXED . 0. 7 fpm 47 40 0.5 

MSA · 45 sec 4 0 LO 
Ju:1 21. 95 HlN035\B062 FIX ED 0. 7 fom 40 62 0.5 

FIXED 0. 7 f pm 48 53 0.5 
MSA 300 sec station 49.5 0 
MS/I. 200 sec station 42.5 0 

r!Acu : r-1xeo \. e1ocnv o: L.ao1e :::ipeea ,v1 :,M: 1\llove - .:::,top-,-.. cqu11e tpm: reet per minu te 

Calibration and Analysis Information 

RLS Calibration Date : Mar 22. 1995 
Calibrction Report : WHC -SD-EN-TI -292 

Analyst Name(s) : ~ · K. Price 
Analysis Date : Jun 23. 1995 

Anal ys i s Notes: Maximum aross activitv (162.000 cos) at surface 
Radionuclides identif ied: Co -60 . Sb -125 ~~--'--'--=-=--==--------------
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Figure B4-4. 199-N-35 Geophysical Data Package (Page 5 of 8) 

Formation Moisture Borehole Survev Reoort 

Borehole: 
Survey 

Casing 
Water 
Depth ref 

199-N -35 
Depth: 4.5'- 61' 

Depth: 0 ' - 64' 
Depth: 62.25' 
Top-of-casing 

General Notes: 

Size : 6" -

Date: Jun 21. 1995 

Thickness: 0.25" 

Casing stick-up: 1.0' 

Prior to logging the water level was measured with an E-tape and a dummy probe 
was run to check for restrictions that might hang uo the logging probes below 
the te lescoping screen at 44 feet. The probe centralizer was not used for 
fear of hanging up the probe in the screen. The well was surveyed from 4.5' 
to 61' at move-stop-acquire mode for 30 seconds every 0.5'. The second log 
survey from 28' to 35' at 0.2' sample intervals was acquired. All survey data 
are included on the plot. The survey depths are measured from top of casing. 

The grout installed whi le the starter casing was removed extends to 30'. as 
indicated by the decrease in moisture content at .30 ft . 

The "Void Space" response indicates void spaces that are present behind the 
casing. The response is plotted in counts-per-second of the back-scattered 
gamma-rays f rom a source implanted in the probe. The response is plotted on a 
reverse scale to high-light problem zones . The "void space" count rate 
decreases (indicating a possible problem with the formation moisture 
measurement) when voids space is present behind t he casing. This log shows 
that the count rate increases when the casing size decreases. as seen below 45 
feet where the telescoping screen was inserted. 

Formation Moisture 
The water bound in the grout (unknown constituents) of approximately 18% by 
volume from 8' to 30' i s consistent with other wells logged at Hanford. 

The increase in formation moisture to 10% at 32 ft corresponds to the first 
major occurrence of ctbalt-60 encountered . in the spectral gamma log . This is 
possibly an interval of finer grained sediments .that retained contaminants. 

A second increase in formation moisture greater than 5% from 39.5 ft to 43.5 
ft also retained cobalt-60 from the effluent discharge. 

The decrease in appare~t moisture content from 43.5 ft to 50 ft corresponds 
with an increase in the voi d space indicator signal and may not represent a 
decrease in formation moisture. Geologic inference of formation properties 
without further evidence is not appropriate. 

The third interval of elevated formation moisture content (50 to 53 ft) is 
different than the previous two zones. if the moisture from 43 ft to 50 ft is 
validated. The spectral gamma survey shows that the cobalt-60 occurs above 
this interval and not concurrentl y. It is probab1e that the sediments from 50 
ft to 53 ft retarded the downward movement of eff1uent liauids and caused them 
to spread horizontally above it. thus lea ving sigGificantiy more cobalt-60 in 
the sediments than other zones. 
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Figure B4-4. 199-N-35 Geophysical Data Package (Page 6 of 8) 

Westinghouse Hanford Company 
Formation {Neutron) Moisture Borehole Survey Log Header 

Project: 1325-N U,JOF 

Borehole 199-N-035 
Coordinates 7485 N 4390 \✓ ft (N-Area System) 
Elevation 449 .38 ..= .. Top of Casi ng 1 l. 

Borehole Environment Information 

Borehole liquid deoth 62 .25 (ft) from zero (0.0) deoth reference of log 

Casing size Casing thickness Top depth Base depth 
Ci n. ) (in. ) (ft) (ft) 

6 0.25 0 64 

Formation (Neutron) Moisture Survey Information 

Logging Engineer(s) R. K. Price J. E. Mei sner M. A. Wendlina 
Log deoth reference at zero (0.0) deoth i s 100 of Casino 

Log Date Archive Log mode speed Depth interval (ft) 
file names Too Base Iner 

Jun 21. 1995 HlN035\MS25 MSA 30 sec 4.5 61 0.5 
-· . MSA 30 sec 28 35 0.2 

I 
·1;.r..::u : r-1xea velocny or Lao,e :::ioeeo 1vl:::,A : 1\tlove-=:,too-""cq u1re rom: reet per minute 

Calibration and Analysis Informat i on 

Calibration Date : Mar 16. 1995 
Calibration Models: Hanford Moisture (Lampson-Pasco) 

Analyst Name(s) : R. K. Price 
Analysis Date: Jun 23. 1995 

Analysis Notes: Grouted wel l to 30 ft. masked fo rmati on readino 
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Figure B4-5. 199-N-45 Geophysical Data Package (Page 1 of 7) 

RLS Borehole Survey Repo rt 

Borehole: 199-N-45 

Casing 
Water 
Survey 

Depth: o· - 73' Size: 3" 
n/a 
Depth: C' - 64' 
Depth: 64'- 64.:i ' 

Depth: 64'- 54' 
Depth ref: Top-of -c2sin~ 

General Notes: 

D2t:,: 
Date: 
Dat2: 
Casing 

Thic '<:iess: 0.33" 

~u l l3 . l 00° ___ J 

Jv l i:, 1995 
Jul 15. 1995 
st ick -u p: 2:" 

Activities on July 18, 1993 included: ( ll Determin2 well/water depth from an 
acoustic depth instrumc:nt •:6 Sitl. ! 2: Swab wel: f'2r irnernc1 contaminatio n 
prior to lagging . The maximum swao aeoth of 51-5~ f~ c:rresponds to a 
telescoping screen (unknown configuration ) from 51' to 7. '. las per as built). 
I 3 l The we 11 was surveyed to 64' ,,i th out reaching o:ttom. 

Activities on Jul y 18. !995 included: (ll Run "E-iape · to determine wate r 
depth (65 ftl . (2) Run dummy probe tc check for restrictions in the hole. 
(3) Comp lete Spect ral -Gamma survey tJ 64 ft. (4) Run neutron moisture survey 
to 64 ft . 

All Sp ectr2 l-Gamma survey data are included on the plots. Separ2te olots for 
the Total -Gamma incluoing KUT and moisture survey are i:icluded. The survey 
depths are measured from top of casing. 

The highest total gamma act iv ity encountered 164,000 cps! cccurred at th e 
surface 10 ft). The measurement taken 2t the surf2ce contained very high 
count ra te with no gamma-ray peaks identifiable in tne spectr2, which is 
characteristic of back-scatter gamma -rays, probably from the crib its self . 

The concentrations cf the natural ly ccc urring ra dionuc!ldes potassium. 
·uranium, 2nd thorium "!<U T) are typica l for Han.for:l sediments . 

The potassium activity increases from 42' to the maximum survey deoth. 
indicating a probabie change in geoiogy. 

Man-made Radionuclides 
Cobalt (Co-60) was identified from the surface to 6' and from 24' to the 
maximum survey depth of 64". The maximum act i vity encountered was less than 
20 pCi/g. 

Antimony csa-125) was aetected from 45' ta survey aepth of 34'. When detected 
the concentration is not well correlated to the concentrat ion of cobalt. The 
maximum activity encountered was less :ha n S pCi ig . 

Cesium IC s-137 ) and Europi m CEu·l~Z l 3re commoni y encountered in the 100 
Areas. but were not i~en~i ied in the survey spec~r2 . The ~iot tracks 2re 
shown f or oresentation ~~j ormit y . 
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Figure B4-5. 199-N-45 Geophysical Data Package (Page 2 of 7) 

Westinghouse Hanford Company 
RLS Spectral Gamma-Ray Borehole Survey Log Header 

Bor:ehole 

Coor::iinates 

::levation 

1 9':'-N- O4: 

7474 N 

452.3:: ft 

Dr::.ll Dat e Aor: l984 

( N- .n.r:ea system! 

Top _J.. Casinc; 

Borehole Environment Information 

Bor:ehole liqu:.:i :ie?th 
log 

Casing size 
(in. l 

6 

8 

Cas.1:1g thickness 
(in. l 

0 . 25 

0 . 33 

Tc;; de;:th 
(f t ) 

? ( 51 l 

0 

RLS Passive Spectral Ga= Survey Information 

Logging Eng:. n eer:(s) J . - . Meisne::: J . Kun!< 
Log deoth r:efer:ence at zer:o (0.0) depth is Teo of 

Log Date .Zu:chive Log mode speed Depth 
::ile names Top 

-

Jul 14, ::lNO45\BO68 ?IX::D a. :-::::m ') 

1995 ?:CX:::D 0. 7 f;nn 64 
,,--,-y,,- ,-, n ..., "-- :::.i 

Base dept :1 
( ft ) 

71 

5l-53(?) 

Casinc 

inter:val (ft) 
Base 

Inc ::: 

6~ 0. 
64.5 0 . 
~~ ., 

. 
:!:".!:~. . . . -·· - . . . - v •· • ---- ----·- ·--· . .. 

-~-- .!f - ~~- ::... r. .. J 

Calibration and Analysis Information 

RLS Cali~:::ation Date: Mar 22, lS9 5 

Calibration Repor:t : WHC-S D-::N-T!-292, Rev.O 

Analyst Name(s): "· . :=i.. Ranca: 1 

Anal ysis Date: .n..uo ::. !995 

Jl,.nalysis Notes: !/:a:~imu::-. :::r:oss a::::,-,,:·: ! "4 . 000 ::::)s \ a: s u r:face 
Radicnu=lides !den~i:ie~ : -"'c~~~-~€~0~-~s~~~--=-l~2~=--------------
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Figure B4-5. 199-N-45 Geophysical Data Package (Page 5 of 7) 

Formation Moisture Borehole Survey Reoort 

Borehole: 
Survey 

Casing 
Water 
Depth ref 

199-N-45 
Depth: 2.0 ' - 64' 

Depth: O'- 64' 
Depth: 65' 
Top-of-casing 

General Notes: 

Size: 8" 

Date: Jul 18. 1995 

Thickness: 0.25" 

Casing stick-up: 25" 

Prior to lo gging the water level was measured with an E-tape and a dummy probe 
was run t o check far restrictions that might hang up the logging probes below 
the telescoping screen at 51 feet. The probe centralizer was not used for 
fear of hanging up the probe in the screen. The well was surveyed from 2' to 
64' at move-stop-acquire mode for 30 seconds every 0.5'. The second log 
surve:, fr ::i m 64' t o :4' at 0.5' sample intervals 1:1as acquired. All survey data 
are included on the plot. The survey depths are measured from top of casing. 

The "Void Space" response indic3tes void spaces that are present behind the 
casing. The response is plotted in counts-per-second of the back-scattered 
gamma-rays from a source implanted in the probe. The response is plotted on a 
reverse scale to high-light problem zones. The "void space" count rate 
decreases (indicating a possible problem with the formation moisture 
measurement ) when voids space is present behind the casing. This log shows 
that the count rate increases when the casing size decreases . as seen below 54 
feet ~here the telescoping screen was inserted. Moisture is not plotted in 
intervals o f void indications. 

Formation Moisture 
The increase in formation mo i sture to 8% at 45 ft corresponds to the first 
major occurrence of cobalt-60 encountered in the spectral gamma log. This is 
oossibly an interval of finer grained sediments that retained contaminants. 
Just at this point in the well . the void indicator informs that the use of the 
moisture response is not valid. 

The void count rate from 57 ' to 64 ' is indicative of a 6" casing. The start 
of this S" casing or screen is somewhere between 51' and 54'. and the as built 
calls out a 51' depth start. Since there is some ambiguity about the screen 
diameter. the moisture calibration was applied for an 8" casing throughout the 
well survey . 
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Figure B4-5. 199-N-45 Geophysical Data Package (Page 6 of 7) 

Westinghouse Hanford Company 
Formation (Neutron) Moisture Borehole Survey Log Header 

Project: 1325- N LWD: 

3orehole 

Coordinac.es 

E:levation 

199 - N- 045 

7474 N 

452.31 ft 

42:3 W 

Drill Date Aor 1 984 

{N-Area system) 

Top cf Casing 

Borehole Environment Information 

3orehole liauid decth na (ft) from zero ( 0. 0 l depth reference of log 

Casing size Casing thickness Tep ciepth Base ciepth 
(in. l (in. l (ft) (ft l 

6 0.25 ? ( 51 ) 71 

8 0 . 33 0 51-53(?) 

{:.n!o !rc;n ::i.oi.:it.ure le; > 

RLS Passive Soectral Ga=a Survey Information -

Logging Engineer(s) J. £ . Meisner J. !<unk 
Log deoth reference at zero (0 . 0) deoth is Too of 

Log Date Archive Log mode speed Depth 
file names Top 

Jul 18, 1995 :!1N045 \MS3 0 MSA 30 sec 2 . 0 
MSA 30 sec 64 
MSA 30 sec 11 . 5 

---
-- · --' __ {;:_: - ··- .... -· ·-- - - ··- -- --·· • -

Calibration and Analysis Inforniation 

~LS Calibration Date : Ma r 16, 1995 
Calibration ~epor~: 

.n.nalyst Name(sl: 

.!\nal '✓ sl.s Date: 

Hanford Moisture (Lampson-Pasco) 

R.. R.. R.andall 
.::.u::; l, 1995 

---

Casino 

interval 
Base 

64 
54 
13 

Analysis Notes: Two inte r vals show void and moisture not olotted 
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Figure B4-6. 199-N-67 Geophysical Data Package (Page 1 of 7) 

RLS Borehole Survey Report 

Borehole: 199-N-A-5'6 7 Report Date: Aug l. 1995 

Casing Depth: 0'. 76' Size: ,.. " Thickness: 0.25" 0 

Water 71. 9 
Survey Depth: L1 ,.. ' ' . 0 - 67.5' Date : Jul 20 1995 

Depth: 64. 7' · 67.5' Date: Jul 20 . 1995 
Depth: 65. 0' · 71.0' Date: Ju 1 20. 1995 
Depth ref: Top-of-casing Casing stick-up: 25" 

General Notes: 
Activities on July 20 . 1995 included: (1) Determine well/water depth from an 
acoustic depth instrument (65ft). (2) Swab well for internal contamination 
prior to logging. The maximum swab depth of 71.9 ft corresponds to a tope of 
water. 

Activities on July 20. 1995 included: 
depth C 71. 9 ft) . ( 2) Run dummy probe 
(3) Comple te Spectral -Gamma survey to 
to 71 ft. 

Cl) Run "E·Tape" to determine water 
to check for restrictions in the hole . 
71 ft. (4) Run neutron moisture survey 

All Spectral-Gamma survey data are included on the plots. Separate plots for 
the naturall y occurring KUT and the moisture survey are included. The survey 
depths are measured from top of casing. 

The highest total gamma activity encountered (40.000 cps) occurred.at the 
surface CO ft). The measurement taken at the surface contained very high 
count rate with no gamma-ray peaks identifiable in the spectra. which is 
characteristic of back-scatter gamma-rays, probably from the crib its self. 

The concentrations of the naturally occurring radionuclides potassium. 
uranium. and thorium (KUT) are close to typical for Hanford sediments. There 
are KUT responses that reflect the completions profile . ·This is confirmed by 
the moisture 1 og response. There is bentoni te from 23 · to 59'. with a gap at 
45' that is also reflected in the KUT signature. This conclusion could not be 
derived upon the basis of the spectral gamma ray data only. 

~n-made r&l.Oj 9J-;Y.f l ides 
#o ii\f/ Y 't'c't=G O l w a s i d en t i f i e d from t h e s u rf a c e t o 5 · a n d fr om 3 l · t o t h e d e pt h 

of 70'. The maximum activity encountered was about 320 pCi/g. 
~balt (c.o-6oJ 

J:esi1:n11 (Cs 137) ~,as detected from surface to 5' and from 31' to survey dep,th 
of 70' . When detected the concentration is not well correlated to the 
concentration of cobalt . The maximum activity encountered was less than 10 
pC i / g. 
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Figure B4-6. 199-N-67 Geophysical Data Package (Page 2 of 7) 

Westinghouse Hanford Company 
RLS Spectr,al Gamma-Ray Borehole Survey Log Header 

Projec t:.: 1301 - N LWDF 

Borehole 

Coor:::iinates 

Eleva t:. ion 

199 - N- 067 

7438 N 

458.46 ft 

Drill Date Feb 1988 

597 o .v ft {N-Area System) 

Top of Casin g 

Borehole Environment Info=iati o n 

5orehole liaui:::i :::ienth 71. 9 (f':) f =cm zero ( 0. 0 l deoth refere:1ce Qf leer 

;:x~: 

Ca s ing size Casing thicknes s Top depth Base depth 
{in. l (in. l (ft) 

6 0.25 0 

6 screen 0.25 60.5 

RLS Pass ive Soectral Ganma survev Information . -

Lo gging Sngineer{s) J. E: . 1-!e isner J. Kiesler 
Log d e oth !.""e-re re nc e at z er ::i ( 0 . 0) d e o t h is TOD cf 

Log Date Archive Log mode speed Depth 
file names Too 

Jul 20, r!lN04S\i3068 MS,:l. . 30· se c 4 . 6 
1995 MSA 30 se::: 64.7 

MS;i. 30 5"' ~ 65 
. 

Calibration and Analy sis Information 

RLS Calibration Date: Ma r 22, !995 
Calijraticn Report: WHC-SD-EN-T!-292, Rev.O 

.~.r,alyst Name ( s) 

.n.nalysis Date: 
?.. :<.. Randal' 
.~.u c l , 19 9 5 

( ft l 

60.5 

76 

Casina 

interval 
Base 

67.5 
67 . 5 

71 

.:i.nalysis No t e s: "!ax'rm:m c.::-oss ac -: iv::.t·; 140 . 000 :::os \ a:: surface 
:<.a:::iionuclides Icieot~fieci: ~ C~c~-~6~0~-~ C= s_- ~1~3~'----- ---------
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Figure B4-6. 199-N-67 Geophysical Data Package (Page 5 of 7) 

Formation Moisture Borehole Survey Report 

Borehole: 
Survey 

Casing 
Water 
Depth ref 

199-N-67 
Depth: 4.6 '· 71' 

Depth: o·- 76' 
Depth: 71.9' 
Top-of-casing 

General Notes: 

Size: 6" 

Date : ,Jul 20. 1995 

Thickness: 0.25 " 

Casing stick-up: 25" 

Prior to logging the water level was measured with an E·tape and a dummy probe 
was ru~ to check for restrictions that might hang up the logging probes below 
the start of screen at 60.5 feet. The probe centralizer was not used for fear 
of hanging up the probe in the screen. The well was surveyed from 4.6' to 71' 
at move-stop-acquire mode for 30 seconds every 0.5'. Two repeat passes were 
performed over the reference sections. All survey data are included on the 
piot. The survey depths are measured from top of casing . 

The "Vcid Space" response indicates void spaces that are present behind the 
casing. The response is plotted in counts-per-second of the back-scattered 
gamma-rays fr om a source implanted in the probe. The response is plotted on a 
reverse scale to high-light problem zones. The "void space" count rate 
decreas~s (indicating a possible problem with the formation moisture 
measurement) when voids space is present behind the casing. This log shows 
very uniform character. 

Formation Moisture 
The oniy section of the well that has a formation moisture response is the 
interval from 60' to 71'. The upper section of the 11Jel l is completed \.,rith 
bentonite seal. The instrument response is then the degree of filling the 
hole to outside of casing. Note the lack of seal at the 45 foot le 1,el in the 
well . 
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Figure B4-6. 199-N-67 Geophysical Data Package (Page 6 of 7) 

Westinghouse Hanford Company 
Formation (Neutron) Moisture Borehole Survey Log Header 

Project: 1301-N LWDF 

Borehole 

Cocrdinates 

Elevation 

199-N-067 

7439 N 

458.46 ft 

----=5-=9_7--=0'--W ft 

Drill Date Feb 1988 

(N-Area Svstem ) 

Top of Casing 

Borehole Environment Information 

Borehole liauid deoth 71. 9 (ft) from zero ( 0. 0) depth reference of log 

casing size casing thickness ~op depth Base dept:: 
(in.) (in. l (ft) (ft) 

6 0.25 0 60.5 

s 0.33 60.5 76 

RLS Passive Spectral Ga=a Survey Information 

Logging Engineer(s) J. E. Meisner J. Kiesler 
Log deoth reference at zero (0. 0) deoth is Ton of Casina 

Log Date Archive Log mode speed Depth interval (ft) 
file names Top 

Jul 20, HlN045\MS32 MSA 30 sec 4.6 
1995 MSA 30 sec 64.7 

MSA 30 sec 65 . 0 

- . . .. 

- - . 

Calibration and Analysis Information 

RLS Calibration Date: Mar 16, 1995 
Cal~~ration Report: Hanford Moisture (Lampson-Pasco) 

Analyst Name ( s l : 
Analysis Date: 

R. R . Randa 1 l 
Aua :i., 1995 

Base Inc.:: 

67.5 0.5 
67.5 0.5 
71. 0 0.5 

Analysis Notes: 3<>ntonite seal disnlaved, unner 22 ' not fullv sealed 
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Borehole: 
Log Types: 

DOE/RL-96-11 
Draft A 

Figure B4-7. RW No. 1 Geophysical Data Package (Page 1 of 6) 

RADIONUCLIDE LOGGING SYSTEM 
Log Analysis Su1t1T1ary Report 

PNL Research We 11 1 ( 12.W-\t \ ") 
HPGe Spectral Gamma Ray 

Report Date: Jan 23, 1996 
Final Log Date: Nov 13, 1995 

General Notes: 
The existing borehole does not have a Hanford well number or Well ID number 
(WIO) and was identified by Bechtel Hanford Inc as "Research Well 1" drilled 
by PNL. The survey depths are measured from top of casing. The borehole was 
surveyed with two HPGe detector sizes to assure accurate measurement of 
radionuclide concentrations at low and high activity levels. The low activity 
detector, RLSG3.0, contains a 35% germanium crystal that has detection range 
of 0.2 pCi/g to 500 pCi/g before electronics dead-time exceeds 40%. The high 
a~tiyity detector, RLSG5.0, contains a 10% germanium crystal inside a tungsten 

·shield that reduces the observed gamma-ray activity by 1100%. 

The computed radionuclide concentrations for both log runs (RLSG3.0, RLSGS.O) 
and repeats are displayed on the data plot. 

Interpretation notes have been added to the log data plot . Note that the 
maximum radionuclide concentrations for cesium-137 and cobalt-60 occur at 
different depths. The di stri but ion profiles· lor a 11 three bore ho 1 es in the 
1301-N facility (82536, 82537, and Research Well 1) indicate that the 
contaminants {cesium & cobalt) migrated at different rates. 

Man-made Radionuclides 
Cesium (Cs-137) was identified from the first survey reading at 5' to the 
maximum survey depth of 27'. The decay activity exceeded 200 pCi/g from 17.5' 
to the maximum survey depth, and exceeded 5000 pCi/g from 18' to 23.5'. The 
maximum activity encountered was 18,000 pCi/g at 19.5'. 

Cobalt (Co-60) was identified from the -first _survey reading at 5' to the · 
maximum survey depth of 27'. The decay activity exceeded 200 pCi/g from 20' 
to 25.5' . The maximum activity encountered was 1300 pCi/g at 20.5'. 
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Figure B4-7. RW No. 1 Geophysical Data Package (Page 2 of 6) 

Westinghouse Hanford Company 
Radionuclide Logging System Log Header 

Project 
Borehole 

1301-N LWDF Log Type: HPGe Spectral Gamma-Rav 
PNL Research We 11 l (12.~ 

Borehole Environment Information 
Borehole liquid depth none (ft) from zero (0.0) depth reference of log 

Casing size Casing thickness Top depth Base depth 
(in.) (in . ) (ft) (ft) . . 

8 0.375 -2.25 27.9 

RLS P ass,ve S t 1 G ,pee ra amma s urvey I f n orma ion 
Logging Engineer(s} J. E. Meisner J. R. Kunk 
Log depth reference at zero (0.0) depth is Toe of Casino 

Log Date Archive Disk Log mode speed Depth interval (ft) 
Detector ID Top Base Iner 

Nov 13, 1995 RESWEL\B072 FIXED O. 7 fpm 5 26.5 0.5 
RLSG3.0 (35%) It " 15 21 0.5 

Nov 13' 1995 RESWEL\B073 FIXED 0. 7 fpm 19 27 0.5 
RLSG5.0 (10%) " " 22 27 0.5 

·&AtU: ~••ed Velocity o Laois :,peed pm: teet per minute 

Calibration and Analysis Information 

RLS Calibration Date: Mar 22, 1995 (HPGe-35%), Nov 20, 1995 (HPGe-10%) 
Calibration Report: WHC-SD- EN-TI-292 

Analyst Name(s): 
Analysis Date: 

R. K. Price 
Jan 23, 1996 

Analysis Notes: HPGe(l0%) detector required to measure highest activity 
Radionuclides Identified: Cs-137, Co-60 max 18,000 & 1300 pCi/q@ 19.5' 
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Figure B4-7. RW No. 1 Geophysical Data Package (Page 3 of 6) 

RL.s--spectral Gamma & Moisture Borehole S-urvey 

Project: 1301-N LWDF 
Borehole: Research Well 1 

Last Log Date: Nov 13, 1995 
Analysis Date: Jan 23, 1996 
Westinghouse Hanford Company 

Total Gamma 

CPS (normalized) 
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Figure B4-7. RW No. 1 Geophysical Data Package (Page 4 of 6) 
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Figure B4-7. RW No. 1 Geophysical Data Package (Page 5 of 6) 

RLS Spectral KUT -Processed Data 
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Figure B4-8. Schlumberger Moisture and Density Porosity Log Plots of 
Well 199-N-107A 
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Figure B4-9. Schlumberger Moisture and Density Porosity Log Plots 
of Well 199-N-108A 
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Figure B4-10. Schlumberger Moisture and Density Porosity Log Plots 
of Well 199-N-109A 
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Cl.0 INTRODUCTION 

The vadose zone is the region above the water table in which the pore spaces of the soil are 
usually only partially filled with water. Movement of water and contaminants through the 
vadose zone to the water table is controlled by the depth to the water table; amount of natural and 
artificial recharge; thickness, lateral distribution, and dip of the underlying soils; moisture 
content of the soils; saturated and unsaturated hydraulic conductivities, porosity, and density for 
the soils; and bulk distribution coefficient for the contaminant of concern. 

Although a variety of methods has been developed to measure soil hydraulic functions (Klute, 
1986), these are often costly and time-consuming to implement. An alternative to direct 
measurement of unsaturated hydraulic conductivity over a range of volumetric moisture 
contents) is to use theoretical methods that predict the conductivity from soil water-retention data 
(Van Genuchten, 1991 ). The van Genuchten model ( 1980) was used to estimate the unsaturated 
hydraulic conductivity as a function of volumetric moisture content for physical property 
samples from the LFI boreholes. Once the unsaturated hydraulic conductivity is known, travel 
times through the vadose zone can be estimated using the unsaturated hydraulic conductivity and 
the recharge rate . 

The following steps were taken to calculate the travel times for both water and radionuclides: 

1. Correlated physical property samples taken from boreholes 199-N-l 08A and 
199-N-109A to the different soil types underlying the Liquid Waste Disposal Facilities 
(LWDF) 

2. Corrected the moisture retention data to include the gravel fraction because it is only 
possible to measure the moisture-retention data on the sieve-size fraction below 
2 millimeters (mm) 

3. Generated moisture characteristic curves 

a. Used Van Genuchten's RETC computer code to calculate curve-fitting parameters for 
the moisture-characteristic curve. 

b. Used the curve-fitting parameter (m) from RETC and Mualem's model (1976) to 
calculate relative unsaturated hydraulic .conductivity as a function of volumetric 
moisture content. 

c. Used a measured, unsaturated hydraulic conductivity from nearby 100-Area wells and 
the modified Mualem's model to calculate the absolute unsaturated hydraulic 
conductivity as a function of volumetric moisture content. 
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4. Applied the unit gradient model assumptions to calculate travel times through the vadose 
zone. 

a. Used the recharge rate, volumetric moisture content for that recharge rate, and the 
thickness of the soil type over which the moisture-retention data apply to estimate a 
travel time for water. 

b. Used the contaminant-retardation equation to calculate a travel time for the 
contaminants of potential concern (COPC). 

Once the travel times for both water and radionuclides are known, the decay equation can be 
used to estimate the concentration of the radionuclide when it reaches groundwater. 

Using this methodology, the following assumptions apply: 

1. The contaminant will move as plug flow. 
2. Diffusion is ignored. 
3. Dispersion is ignored. 

C2.0 ASSIGNMENT OF PHYSICAL PROPERTIES TO THE SOILS UNDER 1301-N 
AND 1325-N LIQUID WASTE DISPOSAL FACILITIES 

Boreholes 199-N-108A and 199-N-109A each had four physical property samples taken at 
discrete depths. Each of these four samples had physical properties (saturated hydraulic 
conductivity, density, and porosity) and moisture retention (moisture content as a function of 
suction head) measured in the laboratory. Since there were more than four soil horizons present 
in each borehole, the well-site geologist reviewed the geologic and geophysical logs from each 
borehole to estimate which soil type each sample represented. In borehole 199-N-107 A no 
physical properties samples were collected, so data were extrapolated from samples taken in 
similar soil types found in borehole 199-N-l 08A. Borehole 199-N-l 08A had the most lithologic 
variability (sand to sandy gravel) while borehole l 99-N-109A had the least lithologic variability 
(usually sandy gravel). 

Borehole l 99-N-108A encountered primarily silty sandy gravel of the Hanford Formati'on and 
silty sandy gravel of the Ringold Formation. Silty sandy gravel of the Hanford Formation was 
present from Oto 6.4 m (0 to 21 feet ft) with the upper 2.4 m (8 ft) consisting of backfill material. 
A thin sand lens was encountered from 4.5 to 4.4 m (14 to 14.5 ft) . Sample BOGL72 was 
collected from 4.6 to 4.7 m (15 to 15.5 ft) and represented the Oto 6.4 m (0 to 21ft) interval. A 
distinct fine to very fine sand was present from 6.4 to 8.2 m (21 to 27ft); sample BOGL 74 was 
collected from 7.3 to 7.4 m (24 to 24.5 ft) and represented this interval. From 8.2 to 11.9 m 
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(27 to 39 ft) , the soil layer was primarily silty sandy gravel of the Hanford Formation. No 
moisture-retention sample was collected; however, sample BOGL 72 was considered 
representative of this interval based on the geologic and geophysical logs. Silty sandy gravel of 
the "E" unit of the Ringold Formation was present from 11.9 m to 15.2 (39 to 50 ft); sample 
BOGL80 was collected from 13.1 to 13.2 m (43 to 43.5 ft) . A distinct fine to very fine sand 
within the Ringold Formation was present from 15 .2 to 18 m (50 to 59 ft), but no moisture
retention sample was collected from this interval. Sample BOGL 74 was assumed to represent 
this interval since it appeared to represent a similar interval. Silty sandy gravel was present from 
18 to 20.3 m (59 to 66.5 ft) ; sample BOGL85 was collected from 19.1 to 19.3 (62.8 to 63 .3 ft). 
A very coarse to medium sand was present approximately from 20.3 to 20.9 m (66.5 to 68.5 ft) , 
but no samples were collected. Sample BOGL 72 was used to represent this interval even though 
the sample was from a finer sand. Silty sandy gravel was present from 20.9 to 22.lm (68.5 
to 72.5 ft) . Sample BOGL80 was used to represent this interval since no moisture-retention 
samples were collected, and the soil layers were similar. 

The lithology identified in borehole 199-N-107 A is similar to that found in 199-N-108A except 
the sand intervals are coarser grained. No physical properties samples were collected from 
199-N-l 07 A due to the high expected radionuclide content. Samples collected from borehole 
199-N-108A were used to represent analogous intervals in 199-N-l 07 A. Sediments from Oto 
8.5 m (0 to 28 ft) consisted primarily of silty sandy gravel of the Hanford Formation which were 
represented by sample BOGL 72. Gravelly sand present from 8.5 to 11 .6 m (28 to 38 ft) was 
represented by sample BOGL 74. Sandy gravel from 11.6 to 12.8 m (38 to 42 ft) was represented 
by sample BOGL72. Silty sandy gravel of the "E" unit of the Ringold Formation was present 
from 12.8 to 14.6 m (42 to 48 ft) and was represented by sample BOGL80. A gravelly sand 
present from 14.6 to 15 .9 m (48 to 52 ft) was represented by sample BOGL74. Silty sandy 
gravel from 15 .9 to 23.2 m (52 to 76 ft) was represented by sample BOGL85. 

The lithology identified in borehole 199-N-109A is primarily sandy gravel of the Hanford 
Formation and "E" unit of the Ringold Formation. It should be noted that the lithologic changes 
in this borehole were not very significant. All major intervals have representative moisture
retention samples collected from them except for the lowest interval. The first interval is from 0 
to 3.4 m (0 to 11 ft) and is represented by sample BOGL98. The interval from 3.4 to 7.3 m 
(11 to 24 ft) was represented by sample BOGLB0. The interval boundary between these two 
samples did not reflect a change in lithology, and samples BOGLB0 and BOGL98 were similar. 
Intervals 7.3 to 12 m, 12 to 13.4 m, and 13.4 to 19.7 m (24 to 39 ft, 39 to 44 ft, and 44 to 64.5 ft) 
were represented by samples BOGLB2, BOGLB7, and BOGLB0, respectively. No moisture 
retention samples were collected from 13.4 to 19.7m (44 to 64.5 ft); however, samples BOGLB0 
and BOGL98 were representative of this interval. Table C-1 provides a summary of the 
lithologic units for each borehole and the sample number assigned to that lithology. 
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Table C-1. Lithologic Units and Assigned Physical Property Sample Number 

Start End 
Hf=Hanford HEIS 

Depth (ft) Depth(ft) 
RE=Ringold "E" General Lithology Sample Comments 

Formation Basis 

Well No. N-1 08A 

0 21 Hf Silty, Sandy Gravel BOGL72 Sample from 15 to 15.5 ft 

21 27 Hf Sandy BOGL74 Sample from 24 to 24.S ft 

27 39 Hf Silty, Sandy Gravel BOGL72 Analog Sample from 15 to I 5.5 ft 

39 50 RE Si lty, Sandy Gravel BOGL80 Sample from 43 to 43.5 ft 

so 59 RE Sand BOGL74 Analog Sample from 24 to 24.5 ft 

59 66.5 RE Si lty, Sandy Gravel BOGL85 Sample from 62.8 to 63 .3 ft 

65.5 68.S RE Sand BOGL72 Analog Sample from 15 to 15.5 ft 

68.S 72.5 RE Silty, Sandy Gravel BOGL80 Analog Sample from 43 to 43 .5 ft 

We ll No. N-1 07A* 

0 28 Hf Sil ty, Sandy Gravel BOGL72 Analog Sample from 17.5 to 18 ft 

28 38 Hf Gravelly Sand BOGL74 Rough Analog Sample from N- 108A 24 to 24.5 ft 

38 42 Hf Sandy Gravel BOGL72 Analog Sample from N-108A 15 to 15.5 ft 

42 48 RE Si lty, Sandy Gravel BOGL80 Analog Sample from N- I 08A 43 to 43.5 ft 

48 52 RE Grave ly Sand BOGL74 Rough Analog Sample from N-1 08A 24 to 24.5 ft 

52 76 RE Si lty, Sandy Gravel BOGL85 Analog Sample from N-1 08A 62.8 to 63 .S ft 

Well No. N-1 09A 

0 11 Hf Sandy Gravel BOG L98 Sample from I 0.5 to 11 ft 

11 24 Hf Sandy Gravel BOGLB0 Sample fro m I 7 .5 to 18 ft 

24 39 Hf Sandy Gravel BOGLB2 Sample from 24 to 24.5 ft 

39 44 Hf Sandy Grave l BOGLB7 Sample from 39.5 to 40 ft 

44 64.5 RE Sandy Gravel BOGLB0 Analog Sample fro m 17.5 to 18 ft 

No moisture-retention data were measured fo r this borehole. 

C3.0 CORRECT MOISTURE RETENTION DATA FOR GRAVEL FRACTION 

Eight samples collected from the recent drilling at the 1301 -N and 1325-N LWDFs had moisture 
retention data measured. Four samples came from borehole 199-N-108A and four from borehole 
199-N-109A. For these samples, a primary drying curve, a main drying curve, a main wetting 
curve, saturated hydraulic conductivity, and particle-size distribution were measured. Since 
moisture-retention data were measured only on the size fraction < 2 mm, the moisture-retention 
data have to be corrected for gravel content before an analytic drying or wetting curve can be 
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fitted through the data. Khaleel and Freeman (1995) used the following equation to correct the 
moisture-retention data for the percentage of gravels in the sample: 

8 ; 
h 

w (p /p ) 
f h w 

1 • (m/m) 
(1) 

where: eb = volumetric moisture content of bulk soil, including the gravel 

W r = laboratory-measured gravimetric moisture content of the fine fraction ( <2 mm) 

Pb bulk density of the entire sample, including the gravel 

Pw = density of water 
mg = dry mass of the gravels from the bulk field sample 
mr = dry mass of the fines from the bulk field sample 

In the remainder of this appendix, it is assumed that all volumetric moisture contents have been 
appropriately corrected for gravel content and, henceforth, will drop the subscript (b) on 8. Thus, 
all values for 8 specify volumetric moisture contents of the bulk soil sample, including gravel 
when present. 

C4.0 GENERA TE MOISTURE CHARACTERISTIC CURVES 

The next three steps were used to generate the moisture-characteristic curves from the laboratory 
measured moisture-retention data. Moisture-characteristic curves show the functional 
relationships between the pressure head, volumetric water content, and unsaturated hydraulic 
conductivity. 

C4.1 CALCULATE VAN GENUCHTEN CURVE-FITTING PARAMETERS 

Once the gravel corrections on the moisture-retention date were applied, the computer program 
(RETC, Van Genuchten et al. , 1991) saves a nonlinear, least-squares, curve-fitting routine to 
match the measured soil-retention data to the following equation. 

e ; e • _ce_,_-_e_J_ 
r 

[1 • (a qr)T' 
(2) 
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volumetric moisture content at specified matric potential 

residual volumetric moisture content 

saturated volumetric moisture content 

Van Genuchten's curve-fitting parameter ( 1/cm) 

suction head (-cm) 
Van Genuchten' s curve-fitting parameter 
(1 - 1/n) 

The input to RETC was laboratory-measured values of moisture content at specified suction head 
(moisture-retention data). The curve-fitting parameters alpha (a), residual moisture (er), (n), and 
(m) were the results from the RETC. The curve-fitting parameter (m) will be used to calculate 
unsaturated hydraulic conductivity as a function of moisture content. 

C4.2 CALCULATE RELATIVE UNSATURATED HYDRAULIC CONDUCTIVITY 
USING MUALEM'S MODEL AND VAN GENUCHTEN CURVE-
FITTING PARAMETER (M) 

The Mualem (1976) model was used to predict the hydraulic conductivity from the moisture
retention data: 

where: 

Where = 

K(S) = K s'[f(S,)]2 

, , , /(1) 

/(S) = (
5

• -
1-dx 

' Jo tj,(x) 

S = (0 - 0,) 

' (0,-0,) 

Saturated hydraulic conductivity 

(3) 

(4) 

(5) 

pore-connectivity parameter estimated by Mualem (1976) to be 
optimally about 0.5 for many soils. 

Using Mualem's model, Van Genuchten (1980) derived a closed-form analytic solution to 
Equation 3 to predict the relative hydraulic conductivity (Krei) at a specified moisture content. 
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K = Sf [ 1 - ( 1 - S l/m)m]2 
rel e e (6) 

To calculate the unsaturated hydraulic conductivity at a specified volumetric moisture content, 
the relative hydraulic conductivity at a specified moisture content was multiplied by the saturated 
hydraulic conductivity. 

K(0) = K,. K,,1 (7) 

The saturated hydraulic conductivity is then the match point for that characteristic curve. 

C-4.3 USE THE MODIFIED MUALEM'S MODEL AND MEASURED UNSATURATED 
HYDRAULIC CONDUCTIVITY TO CALCULATE ABSOLUTE 
UNSATURATED HYDRAULIC CONDUCTIVITY 

Khaleel et al., (1995) demonstrated that using the Ks as the match point for coarse-grained soils 
found at Hanford is not realistic since ~ s is a poor indicator of unsaturated K at low moisture 
content. They recommended using one laboratory measurement of unsaturated conductivity as 
the match point for predicting the unsaturated hydraulic conductivity over a range of volumetric 
moisture contents. They then redefined Mualem's model (Equation 3) to use a match point at 
some arbitrary moisture content 80 , and associated unsaturated hydraulic conductivity (K

0
) to be 

as follows: 

K(S) = K(S \[S, ]'[j(_S,) ]
2 

• .o1 s 1rs \ 
to J\.. eol 

(8) 

where Seo is given by 

(0 -0) 
S = S (0 \ = 

0 
r 

,o ,o c,I c0 - 0 ) 
s r 

(9) 

For the restricted case where m = (1 - 1/n), Equation 8 simplifies to (Luckner et al., 1989): 

[ 
s ] 'I 1 ( 1 s ''"')'" 

2 

K(S.) = K(S.) -• ' 
s,o 1 - c 1 - s.~'")"' 

(10) 

Using the relationships from Equations 2 and 10, the moisture-retention data can then be used to 
calculate moisture-characteristic curves for the eight samples taken for physical properties from 
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boreholes N-108A and N-109A. These characteristic curves are given in Figures C-1 to C-8. 
For each of these figures , the left-hand plot gives calculated suction head as a function of 
volumetric moisture content, the moisture retention data, and Van Genuchten curve-fitting 
parameters. The right hand plot shows the calculated unsaturated hydraulic conductivity as a 
function of the volumetric moisture content. The match point is based on a laboratory-measured, 
unsaturated hydraulic conductivity for a sample from a nearby 100-Area borehole (Khaleel , 
personal communication). The match point sample has a similar gravel content to the samples 
from boreholes N-108A and N-109A. The unsaturated hydraulic conductivity, along with its 
volumetric moisture content, sample number, location, and percentage of gravels for the match 
point is also given in the right-hand plot. 

CS.O TRAVEL TIMES THROUGH THE V ADOSE ZONE 

Water movement through the vadose zone can be described mathematically by Richard's (1931 ) 
extension to Darcy's Law, which added the provision that hydraulic conductivity is now a 
function of saturation [i.e., K = K(e)]: 

where: q 
K 
8 

WI 

q K(8)VH 

= Darcy flux (emfs) 
= hydraulic conductivity (emfs) 

= volumetric moisture content 

(11) 

= vector differential operator, representing the three-dimensional operator 
in space (in this case the spatial gradient of the hydraulic head) 

For a steady-state, one-dimensional, and vertically aligned unsaturated soil column, Equation 11 
becomes 

where: 

q = K(8)[ I + a\ji (8)] 
az 

w = matric potential [suction head (-cm)] 
z = vertical Cartesian coordinate ( cm) 

a = differential 

C-8 
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Under the unit gradient assumption, only the force of gravity is considered, and all other forces 
are considered negligible. Therefore, the hydraulic gradient under a steady-state assumption 
becomes one, 

[ I • a* l "' 
az 

because 1 » a* (8) 
az 

and the hydraulic conductivity at a specified moisture content is equal to the Darcy flux: 

q = K(8) 

CS.I CALCULATE WATER TRAVEL TIME THROUGH THE V ADOSE ZONE 

(13) 

(14) 

To calculate the travel time (t) through a layer of arbitrary thickness (L), one needs to know the 
velocity of groundwater 

V = _q_ 
gw 

neflec1iw 

where: v gw = groundwater velocity 
q = Darcy flux (crn/s) 
neffective = effective porosity for saturated conditions 

and the thickness of the soil layer to arrive at the travel time through that layer: 

t = _f_ 
V 

gw 

(15) 

(16) 

For unsaturated conditions, the relationship between unsaturated hydraulic conductivity and 
moisture content for a particular sediment is known (see Figures C-1 through C-8). The unit
gradient assumption can be applied to estimate steady-state travel times for one-dimensional 
flow. One-dimensional flow is an appropriate assumption because these L WDFs no longer 
receive liquid effluent and the only recharge available is through natural recharge. Using 
Equations 14 and 15 and replacing q with K(8) and nefTective with 8 in Equation 16, the travel time 
through the each unit is given by 

t = (L • 8) 
K(8) 

C-9 
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and the total travel (T) through the vadose zone is 

f.. L.-8 
T = L,-'-' 

;.1 K(0) 

where: N = number of layers 
1 = index of soil layer 

(18) 

Travel time to the water table was calculated for the soil types observed in boreholes N-107 A, 
N-108A, and N-109 A for three different recharge rates O .2 centimeter per year (cm/yr), 
2.0 cm/yr, and 10 cm/yr. The 0.2-cm/yr recharge rate is from the 100-Area Source Operable 
Unit Focus Feasibility Study (DOE, 1995), the 2.0 cm/yr is from Rockhold et al., (1 995), and the 
10 cm/yr is a high recharge supplied for comparative purposes. Since the recharge rate and the 
thickness of the unit are known, the volumetric moisture content for each layer can be 
interpolated from the right-hand plots on Figures C-1 through C-8 . The line perpendicular to the 
Y-axis at the unsaturated hydraulic conductivity equal to the recharge rate intersects the 
characteristic curve at the volumetric moisture content read from the X-axis. Table C-2 shows 
the volumetric moisture content for these recharge rates along with the porosity and volumetric 
particle density for the major soil types_ from boreholes N-107 A, N-108A, and N-109A. (All 
units reported from the laboratory are in the metric system. All field measurements are reported 
in the English system. The units in this table have not been converted to a single system but are 
in the original reported units.) 

Table C-2. Particle Density, Porosity, Soil Thickness and Volumetric 
Moisture Content at 0.2-, 2.0-, and 10-cm/yr Recharge for 

Wells N-107A, N-108A, and N-109A (Page 1 of 2) 

HEIS Particle Volumetric Moisture Content 

Sample 
Interval 

Thickness Density Porosity at Recharge Rates 

Basis 
Depth (ft) 

(ft) glee 0.2 cm/yr 2.0 cm/yr 10 cm/yr 

Well No. N-108A 

BOGL72 0-21 21 2.74 0.24 0.0478 0.0714 0.0934 

BOGL74 21-27 6 2.71 0.35 0.1997 0.2749 0.3397 

BOGL72 27-39 12 2.74 0.24 0.0478 0.0714 0.0934 

BOGL80 39-50 1 I 2.73 0.26 0.0517 0.0738 0.0940 

BOGL74 50-59 9 2.71 0.35 0.1997 0.2749 0.3397 

BOGL85 59-66.5 7.5 2.72 0.28 0.0555 0.0843 0.1120 

BOGL72 66-68.5 3 2.74 0.24 0.0478 0.0714 0.0934 

BOGL80 68.5-72.5 4 2.73 0.26 0.0517 0.0738 0.0940 

Well No. N-107A 

BOGL72 0-28 28 2.74 0.24 0.0478 0.0714 0.0934 

BOGL74 28-38 IO 2.71 0.35 0.1997 0.2749 0.3397 

Well No. N-107A (continued) 

C-10 
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Table C-2. Particle Density, Porosity, Soil Thickness and Volumetric 
Moisture Content at 0.2-, 2.0-, and 10-cm/yr Recharge for 

Wells N-107A, N-108A, and N-109A (Page 2 of2) 

HEIS Particle Volumetric Moisture Content 

Sample 
Interval 

Thickness Density Porosity at Recharge Rates 

Basis 
Depth (ft) 

(ft) glee 0.2 cm/yr 2.0 cm/yr 10 cm/yr 

BOGL72 38-42 4 2.74 0.24 0.0478 0.0714 0.0934 

BOGL80 42-48 6 2.73 0.26 0.0517 0.0738 0.0940 

BOGL74 48-52 4 2.71 0.24 0.1997 0.2749 0.3397 

BOGL85 52-76 24 2.72 0.28 0.0555 0.0843 0.1120 

Well No. N-109A 

BOGL98 0-11 11 2.98 0.284 0.0308 0.0400 0.0472 

BOGLB0 I 1-24 13 2.86 0.278 0.0661 0.0838 0.0964 

BOGLB2 24-39 15 2.88 0.244 0.0297 0.0397 0.0484 

BOGLB7 39-44 5 2.93 0.344 0.0288 0.0396 0.0486 

BOGLB0 44-64.5 20.5 2.86 0.284 0.0661 0.0838 0.0964 

Travel times for water from the bottom of each L WDF to the water table for each recharge rate 
are plotted as a function of elevation (left Y-axis) or depth (right Y-axis) on the left-hand graph 
in Figures 5-19 to 5-30. For the water-only plot in each of these figures, the sharp discontinuity 
in a line segment is caused by transition from one soil type to another. The travel time from 
particular elevation is read off the X-axis where the line perpendicular to the Y-axis intersects the 
recharge rate of interest. 

CS.2 CONTAMINANT TRANSPORT TRAVEL TIME THROUGH 
THE V ADOSE ZONE 

To estimate contaminant transport time for the center of mass for the CO PCs, a modified 
retardation equation for unsaturated flow was used to estimate the relative velocity of the 
contaminant to the groundwater velocity. From Freeze and Cherry (1979) the retardation of the 
contamination front relative to the bulk mass for saturated flow is described by the relation 

where: 

v (1-n)•PP·Kd 
-=1+---~-
V 

C n,ff«nY< 

v = average linear velocity of groundwater (emfs) 
v c = the velocity for the center of mass for retarded constituent ( cmf s) 
Pp = particle density (gl ee) 
Kd = bulk distribution coefficient for retarded constituent (ml/g) 
n = total porosity 

C-11 
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For unsaturated flow, nerrective is replaced with the volumetric moisture content (8) . To calculate 
the radioactive COPCs travel time through the vadose zone, Equation 19 is multiplied by 
Equation 17 and then summed as in Equation 18. The bulk-distribution coefficients for the 
radioactive COPCs are 15 milliliters per gram (mL/g) for strontium-90 (Seme and LeGore, 
1996), 200 mL/g for plutonium-239/240 (DOE, 1995), and 50 mL/g for both cobalt-60 and 
cesium-13 7 (DOE, 1995). Travel times for each of the CO PCs from the bottom of each L WDF 
to the water table for each recharge rate are plotted as a function of elevation (left Y-axis) or 
depth (right Y-axis) on the right-hand graph in Figures 5-19 through 5-30. The water-only 
travel-time plots are given on the left-hand side of these figures for comparative purposes. 

The water-only plots showed sharp discontinuities as the water entered different soil types while 
plots for the radioactive COPCs did not show these discontinuities. The discontinuities in the 
water-only plots were caused by the change in volumetric moisture content as the soils changed 
properties. When contaminant retardation was applied to the water velocity, the volumetric 
moisture content was in the denominator of the retardation equation. For water velocity, the 
volumetric moisture content was in the numerator. When these two terms were multiplied 
together, the volumetric moisture content essentially dropped out of the equation. Although one 
was added to this retardation portion, it was small when compared to the rest of the retardation 
equation. The following example shows this function: 

Using a soil IO cm (3.9 in.) thick and the soi properties from samples BOGL72 and BOGL74, 
the water travel time for the 2-cm/yr (0.79 in./yr) recharge (BOGL 72 using the values in Table 
C-2) as follows : 

f = (L• 82cm) 

K(82cm1) 

10cm • 0.0714 
----- = 0.357y 

2cmly 

Water travel time for the 2-cm/yr (0.79 in.\yr) recharge (BOGL 74) is as follows: 

(L • 82cm1) 
t = ----'-

K(82cm1) 

10cm • 0.275 
= l.375y 

2cmly 

(20) 

(21) 

The water traveling through soils with physical properties similar to BOGL 74 would take 
approximate! y 4 times longer to traverse the 10 cm (3. 9 in.). This causes a qiscontinuity between 
soils on the water-only plots. To apply the retardation equation for strontium-90 for the same 

C-12 
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samples, contaminant-transport travel time for the 2-cm/yr (0.79 in./yr)recharge (BOGL 72) is as 
follows: 

(L-02cm1) (1 - n)•Pp-Kd 
t = --- ·[I +---~-

K(B2cm1) 82cmly 
(22) 

t = (l0cm/y. 0.0714) • [l • ( 1 - 0.24)-2 .74g/cm 3
- 15.0cm 3/g ] = 156_6y 

2cmly 0.0714 
(23) 

Contaminant-transport travel time for the 2-cm/yr (0 .79 in./yr) recharge (BOGL 74) is as follows: 

t = (lOcmly-0 .275) • [l . (1 - 0.35),2.7lg/cm 3 -l5.0cm 3/g] = 132_1y (24) 
2cm/y 0.275 

In this case, the travel times for contaminants were approximately the same between the soil 
types, and the discontinuity between soil types did not appear as distinctly in the retarded
contaminant travel-time plots in Figures 5-19 to 5-30. Table C-3 provides approximate travel 
times to the 1995 water table from major zones of concern. Major zones of concern would be at 
the bottom of the L WDF, top of the historic water-table mound (~125 m [~410 ft]) , and at the 
high water table caused by the large releases occurring in early 1996. 

Recharge 
Rate 

cm/yr 

Water 

10.0 

2.0 

0.2 

Table C-3. Travel Times to the 1995 Water Table for the 
Major Zones of Concern (Page 1 of 2) 

Travel Times to the I 995 Water Table (yr) 

I 996 High Water Table (393 Historic Water Table Mound Bottom of Facility 

N-107A N-l08A N-109A N-107A N-108A N-l09A N-l07A N-108A N-109A 

3 3 2 10 14 6 29 28 12 

10 10 7 38 57 26 113 111 53 

68 66 54 254 407 206 789 781 416 

Strontium-90 

10.0 725 772 513 2,226 2,241 2,106 5,379 5,143 5,063 

2.0 3,600 3,860 2,566 11 ,120 11,190 10,528 26,864 25,684 25 ,306 

0.2 36,100 38,564 25 ,644 111 ,073 I I 1,733 105,221 268,295 256,513 255,000 
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Table C-3. Travel Times to the 1995 Water Table for the 
Major Zones of Concern (Page 2 of 2) 

Travel Times to the 1995 Water Table (yr) 

Rate 1996 High Water Table (393 Historic Water Table Mound Bottom of Facility 
cm/yr N-107A N-108A N-109A N-107A N-108A N-109A N-107A N-108A N-109A 

Plutonium 239/240 

10.0 9,610 10,200 6,830 29,600 29,700 28,000 77,800 65 , 100 68000 

2.0 48,000 51 ,500 34,000 149,000 148,000 140,000 389,000 323,500 339,500 

0.2 480,000 515 ,000 341,000 1,480,0 1,485,0 1,400,0 3,890,0 3,235 ,0 3,400,00 

Cobalt-60 

10.0 2,400 2,570 1,710 7,400 7,400 7,000 19,500 16,300 17,000 

2.0 12,000 13 ,000 8,500 37,000 37,000 34,900 97,400 81 ,000 84,500 

0.2 120,000 128,000 8,540 370,000 371 ,000 349,000 973,000 814,000 850,000 

Cesium-137 

10.0 2,400 2,570 1,710 7,400 7,400 7,000 19,500 16,300 17,000 

2.0 12,000 13 ,000 8,500 37,000 37,000 34,900 97,400 81 ,000 84,500 

0.2 120,000 128,000 85 ,400 370,000 371 ,000 349,000 9,730,0 814,000 850,000 

*Please note the numbers in this table are approximate. They were read from the curves present in 
Figures 5- I 9 to 5-30 

C6.0 DISCUSSION AND COMPARISON TO OBSERVED DATA 

The unit gradient approach combined with the retardation equation for contaminants was only a 
first approximation for travel time. It did not take into account multidimensional flow, nonuni
form recharge, or a recharge rate that changes over time. The contaminant transport portion of 
the unit-gradient model did not take into account dispersion and/or diffusion. Under transient 
conditions, the unit-gradient approach would not work. The unsaturated hydraulic conductivity 
within a single soil type was dependent upon the wetting and drying paths within the hysteresis 
cycle, the moisture content estimated by those paths, and the amount of wetting and drying. 
Under these conditions, one might apply a multidimensional numerical model that would take 
into account the factors left out of a unit-gradient model. 

The unit-gradient approach combined with field observations should be applied and analyzed 
before attempting a multidimensional model. If the unit-gradient approach does not agree with 
observed data, one might apply a more sophisticated model to calculate the travel times. In this 
case, the unit-gradient model indicated the travel times for all radionuclides with the possible 
exception for strontium-90 was long enough that radionuclides would decay away before 
reaching the water table. For strontium-90, the concentration on sediments directly above the 
1995 water table did present a concern, especially if the water table rises in future like it did in 
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early 1996. Although the unit gradient indicated the radioactive COPCs in the vadose would 
decay away before reaching the water table, one must question if this conclusion is reasonable. 
To answer this question, a comparison using the unit gradient model could be made between the 
natural recharge and the artificial rechagre that took place during operations. When 1301-N 
L WDF was recieving liquid effluent, the rate water at which water was discharged to this facility 
was 2,100 gallons per minute. This is equivalent to an annual recharge rate of 

I . J 
2 , 100 ga • 525,600 mm • 3 ,785 cm I 4& ,554,600cm 2 (area of 1301-N LWDF) • 86 ,000cmly 

min y gal 

Data Quality Objectives Workshop Results for 1301-N and 1325-N Characterization (BHI, 
1996) gives the area of the 1301-N L WD F over which artificial recharge was applied. This 
artificial recharge rate was higher than the measured saturated hydraulic conductivities for the 
borehole sediments. The high recharge rate indicated that ponding in the L WDF occurred along 
with lateral movement through the vadose zone, explaining why some contaminants were 
detected in the side borehole. When the recharge rate during operations was 86,000 cm/yr 
(33 ,858 in./yr) and compared to the concentrations from the drilling described in previous 
sections (Figures 5-3. through 5-6 and 5-11 through 5-14), it becomes obvious that cobalt-60, 
cesium-137, and plutonium-239/240 would stay in the upper vadose zone (i .e., close to the 
bottom of the L WDFs) under natural recharge conditions. These contaminants did not migrate 
very far downward under a recharge of 86,000 cm/yr; they would not migrate with a natural 
recharge of 2 cm/yr. 

Strontium-90 did migrate downward with the artificial recharge; however, its Kd is three time 
less than that of cobalt-60 and cesium-137. It migrated when the artificial recharge rate was at 
least 2 to 3 orders of magnitude higher than the natural recharge rate. If the unit-gradient model 
is applied at the artificial recharge rates, it indicates the travel time from the bottom of the L WDF 
to the water table is on the order of one to five years . Historical records showed the 
groundwater underlying 1301-N L WDF was contaminated with strontium-90, indicating the unit
gradient model is valid as a first approximation for travel times for radionuclides underlying the 
100-N LWDFs. 
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Van Genuchten Curve Fitting 
Parameters using Mualem 
R2 Obs vs Fit = 0.974 

0 sd = 0.2130 
e, = 0.000 
a. = 0.0024 1/cm 
n = 1.6859 

Fitted Drying Curve 
• Moisture Retention Data 

(measured in t11e labora tory) 

• 
• 
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Vo lumetric Moisture Content 

' 100 
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Fitted Drying Curve 
Measured Data 
(see text) 

Ksd = 2.33E+04 cm/yr 
K0_11 0 = 1.36E+01 cm/yr 
Expo(t} = 0.5000 
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Match Point Sample II 4-1119 
From Well 199-K-109A 
Depth 
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Volumetric Water Content 
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a, 
0 

" ~ 1325-N LWDF Well 199-N-109A (B2539:BOGL98) 
< 
"' Depth 10.5-11' Elev. ~443' Passing 1 O 23.9 % .,, 

105 107 

~ 
Van Genuchten Curve Fitting --· (JC) 

Parameters using Mualem • C: ,., 
R 2 Obs vs Fit = 0.985 106 Fitted Drying Curve ~ 

8sd = 0.0564 • Measured Data (j 

104 (see text) 
I 

0, = 0.000 Ul 

(X = 0.0148 1/cm ,,---, 

n = 1.3475 1-, 
K sd = 1.86E+06 cm/yr ~ >-. 105 a Ko.042 = 3.12E+00 cm/yr 0 

Fitted Drying Curve 1;;· 

• Moisture Retention Data u Expo(t) = 0.5000 ..... ___,. = 
103 (measured in the laboratory) (I) ,., 
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ro ,., 
1-, FromWell 199·D5·17 
B Dept11 = 104.5 Feet r:JJ 
ro 
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" ,.. 
1325-N LWDF Well 199-N-109A (82539:BOGLB0) ~ 

a 
< Depth 17.5-18' Elev. -436' Passing #10 35 .5 % (b) "' " 105 107 

~ 

Van Genuchten Curve Filling cia" 
C: 

Parameters using Mualem • .., 
R2 Obs vs Fit = 0.984 

~ 

106 
Fitted Drying Curve (") '-.. 0 

0sd = 0.1070 Measured Data 
I a--, 

104 • O'\ e, = 0.000 (see text) LN 
a = 0.0213 1/cm ~ 

-i= 
,-.. 

Ksd 1.83E+06 cm/yr '° n = 1.3184 .... = >. 
105 0 -....J:: e Kaas4 = 7 .25E+00 cm/yr -· Fitted Drying Curve "' • 

Expo(t) = 0.5000 
..... c:::li 

Moisture Retention Data 
u C: • '-' .., '--D 

103 (measured in the laboratory) CD 
~ C::l ~ (") ~ 
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1325-N LWDF Well 199-N-109A (B2539:BOGLB2) 
Depth 24.5.5-25' Elev. -420' Passing #10 28.0 % 

105 -~~~~-~~~--~------~~~ 

• 

Van Genuchten Curve Fitting 
Parameters using Mualem 
R2 Obs vs Fit = 0.963 

05d = 0.0770 

• 

e, = 0.000 
a = 0.0084 1/cm 
n = 1.3796 

Fitted Drying Curve 
Moisture Retention Data 
(measured In th e laboratory) 
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Volumetric Moisture Content 

100 
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• 
Fitted Drying Curve 
Measured Data 
(see text) 

K sd = 1.96E+06 cm/yr 
K0_042 = 3.12E+OO cm/yr 
Expo(t) = 0.5000 

V 
Match Point Sample 112· 1316 
FromWell 199-D5· 17 
Depth = 104.5 Feet 
Percentage Gravels = 74 % 
Volumel ric Water Conten t = 0.042 
Unsalurated K0 0., = 9.9E-08 emfs 
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1325-N LWDF Well 199-N-109A (B2539:BOGLB?) 
Depth 39.5-40' Elev. - 414' Passing #1 0 27.9 % 

105 ,.,....-,--,--..---.--~~--.----.-~-r-~~~~~~~~~~ 

Van Genuchten Curve Fitt ing 
Parameters using Mualem 

• 

R2 Obs vs Fit = 0.980 
0sd = 0.0628 
0, = 0.000 
a = 0.0043 1/cm 
n = 1.4565 

Fi tted Drying Curve 
Moisture Retention Data 
(measured In the laboratory) 

1 0. 1 L--L-....JL-....J___.__.___.___.____._____._____.___.___.__....__.___.___.___.____.__.__, 

0 0.1 0.2 0.3 0.4 
V olumetr ic M ois ture Content 
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Fitted Drying Curve 
Measured Data 
(see text) 

Ksd = 1.67E+06 cm/yr 
K0 _042 = 3. 12E+00 cm/yr 
Expo(t) = 0.5000 

V 
Match Point Sample If 2- 1316 
From We ll 199-0 5-1 7 
Depth = 104.5 Feet 
Percentage Gravels = 74 % 
Volumelric Water Conten t = 0.042 
Unsatu ra ted K0 _0., = 9.9E-08 emfs 
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File: 1310RES.DAT 

Dose Conversion Factor (and Related) Parameter Summary 
File: DOSFAC.BJN 

0 Current 
Menu Parameter Value 

B-1 Dose conversion factors for inhalation, mrem/pCi: 
B-1 Ac-227+D 6.720E+OO 
B-1 Co-60 2.190E -04 
B-1 Cs-137+D 3.190E-05 
B-1 Pa-231 1.280E+OO 
B-1 Pu-239 4.290E -01 
B-1 Pu-240 4.290E-01 
B-1 Ra-228+D 5.080E -03 
B-1 Sr-90+D 1. 31 OE-03 
B-1 Th-228+D 3.450E-01 
B-1 Th-232 1.640E+OO 
B-1 U-235+0 1.23DE-01 
B-1 U-236 1.250E-01 

D-1 Dose convers ion factor s for ingestion, mrem/pC i : 
D-1 Ac-227+D 1.480E-02 
D-1 Co-60 2. 690E-05 
D- 1 Cs-137+D 5.000E-05 

>-l "<t::l 
~ ('_~ ...... 
O" - C...,..J ~ 

t:::' ~ 
I 

·'-,,0 
I--' ~ 

"' 
~ CJ 

= '-,0 
'"1 C:i 
e:.. ·U, 
I 

~ t:1 ~ 
r:,, 0 .... 
Q. t:1 tTJ 
~ 

~ = 
., 
s:,i 

"" ::t:> .... 
e:.. I 

• '° r:ri °' I 
r') ...... 
~ ....... 
= Parameter ~ 
'"1 

Default Name 
.... 
0 

,--... 
'lj 

6.720E+OO DCF2( 1) s:,i 
QQ 

2. 190E-04 DCF2( 2) (t) 

3.190E-05 DCF2( 3) ....... 
1. 280E+OO DCF2( 4) 
4 . 290E -01 DCF2( 5) 

0 ....., 
...... 

4 . 290E-01 DCF2( 6) -..) 
'--' 

5.080E -03 DCF2( 7) 
1.310E-03 DCF2( 8) 
3.450E-01 DCF2( 9) 
1.64DE+DD DCF2(10) 
1.230E -01 DCF2(11) 
1.25DE -01 DCF2(12) 

1.480E-02 DCF3( 1) 
2.690E-05 DCF3( 2) 
5.000E-05 DCF3( 3) 



0-1 Pa -231 1.060E-02 1.060E-02 OCF3( 4) 
0-1 Pu -239 3.540E-03 3.540E-03 OCF3( 5) 
0-1 Pu-240 3.540E-03 3.540E-03 OCF3( 6) 
0-1 Ra-228+0 1.440E-03 1.440E-03 OCF3( 7) 
0-1 Sr-90+0 1.530E-04 1.530E-04 OCF3( 8) 
0-1 Th-228+0 8 .080E-04 8 . 080E-04 OCF3( 9) 
0-1 Th-232 2.730E-03 2. 730E-03 OCF3(10) 
0-1 U-235+0 2.670E-04 2.670E -04 OCF3(11) 
0-1 U-236 2.690E-04 2.690E-04 OCF3(12) 

0-34 Food transfer factor s : 
0-34 Ac-227+0 plant/soil concentration ratio, d imens ionless 2.SOOE -03 2.SOOE - 03 RTF( 1, 1) 

..., 
~ D-34 Ac-227+0 , beef/livestock-intake ratio, (pC i /kg )IC pc i /d) 2.00DE-05 2.000E-05 RTF( 1, 2) O" 

0-34 Ac-227+0 , milk/lives tock-intake ratio, (pCi/L)/(pCi/d) 2.00DE-05 2.000E-05 RTF( 1, 3) -ti) 
0-34 t:J 
D-34 Co-60 I plant/soil concentration ratio, dimensionless 8.000E-02 8.000E-02 RTF( 2 I 1) I 

0-34 Co-60 beef/livestock-intake ratio, (pC i /kg )IC pC i /d) 2.000E-02 2. 000E-02 RTF( 2,2) 
I--

0-34 Co-60 , milk/livestock- intake ratio, (pCi/L)/(pCi/d) 2.00DE-03 2.000E-03 RTF( 2,3) ~ 0-34 C: 
0-34 Cs-137+0 I plant/soil concentration ratio, dimensionless 4.000E -02 4.000E-02 RTF( 3 I 1) '"I 

~ 
0-34 Cs - 137+0 beef/livestock-intake ratio, (pC i /kg )IC pC i /d) 3.000E-02 3. 000E-02 RTF( 3,2) -I 0-34 Cs - 137+0 , milk/livestock-intake ratio, (pC i /L )I (pC i /d) 8.000E-03 8.000E-03 RTF( 3,3) ~ t:) D-34 ti) 

VJ 0 0-34 Pa-231 plant/soil concentration ratio, dimensionless 1.000E-02 1.000E-02 RTF( 4, 1) -· i:i.. t:) tr1 D-34 Pa-231 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 5.DOOE -03 5. 000E-03 RTF( 4,2) ti) 

~ t:) = ,; 
D-34 Pa -231 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 5.000E-06 RTF( 4,3) Pl 

I - ::l:> N D-34 -· ~ I 

D-34 Pu-239 , plant/soil concentration ratio, dimensionless 1.DOOE-03 1.000E-03 RTF( 5, 1) - • \0 
rJ) 0\ 

D-34 Pu-239 beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1. 000E-04 1.000E - 04 RTF( 5,2) I 
r') ....... 

0-34 Pu-239 milk/livestock-intake ratio, ( pc i /L)/(pC i /d) 1.000E-06 1.000E-06 RTF( 5,3) ti) ....... = D-34 ~ 
1RESRAD, Version 5.61 T½ Limit = 0 .5 year 04/24/96 10: 50 Page 3 '"I -· Sunmary: 1301 res idential File : 1310RES .DAT 0 

,.-... 

Dose Conversion Factor (and Related) Parameter Sunmary (cont inued) '7j 
Pl 

Fi le: DOSFAC.BIN (JQ 
ro 

0 Current Parameter N 
Menu Paramete r Value Oefaul t Name 0 -, 
D-34 Pu -240 , plant/soil concentration ratio, di mensionles s 1.000E-03 1. 000E-03 RTF( 6, 1) ....... 

--.J 
D-34 Pu-240 , beef/l ivestock-intake ratio, (pC i /kg)l(pCi /d) 1. OOOE -04 1.000E-04 RTF( 6,2) ,.____, 

D-34 Pu-240 , milk/livestock - intake ratio, (pC i /L )/ (pCi /d) 1.000E-06 1.000E-06 RTF( 6,3) 
D-34 
0-34 Ra-228+0 , plant/so i l concentration ratio, dimensi on less 4.000E -02 4 . 000E-02 RTF( 7, 1) 
D-34 Ra-228+0 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-03 1.000E-03 RTF( 7,2) 
D-34 Ra-228+0 , milk/livestock-intake ratio, (pC i /L)/ (pC i /d) 1 .OOOE-03 1.000E-03 RTF( 7,3) 
D-34 
D-34 Sr-90+0 I plant/soil concentration ratio, dimensionless 3.000E-01 3.000E-01 RTF( 8, 1) 
D-34 Sr-90+0 I beef/livestock - intake ratio, c pc i /kg>/ c pc i / d > 8.000E-03 8.000E-03 RTF( 8,2) 
0-34 Sr-90+0 , milk/livestock-intake ratio, C pc i /L)/ (pCi /d) 2.000E-03 2.000E -03 RTF C 8,3) 
D-34 



D-34 Th-228+D 
' 

plant/soil concentration ratio, dimens ionless 1.000E-03 1.000E-03 RTF ( 9, 1) 
D-34 Th-228+D 

' 
beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-04 1.000E-04 RTF ( 9,2) 

D-34 Th-228+D , milk/livestock-intake ratio, (pCi/l)/(pCi/d) 5.000E-06 5.000E-06 RTF( 9,3) 
D-34 
D-34 Th-232 

' 
plant/soi 1 concentration ratio, dimensionless 1.000E-03 1.000E-03 RTF(10,1) 

D-34 Th -232 
' 

beef/livestock - intake ratio, (pCi/kg )/(pCi/d) 1. OOOE-04 1. OOOE-04 RTF(10,2) 
D-34 Th-232 , milk/livestock-intake ratio, (pCi/l)/(pCi/d) 5.000E-06 5.000E-06 RTF(10,3) 
D-34 
D-34 U-235+D 

' 
pl ant/soi 1 concentration ratio, dimensionless 2.SOOE-03 2.SOOE-03 RTF(11 , 1) 

D-34 U-235+D 
' 

beef/lives tock - intake ratio, (pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF(11,2) 
D-34 U-235+D , milk/livestock-intake ratio, (pC i /L)/ (pC i /d) 6.000E-04 6.000E-04 RTF(11,3) 

>--3 ',.,,<;~ 
D-34 

~ ·a•, 
D-34 U-236 plant/soil concentration ratio, dimensionless 2.SOOE-03 2.500E-03 RTF(12,1) O" 
D-34 U-236 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3.400E-04 3.400E -04 RTF(12,2) - ·LJ,,l n, .~ D-34 U-236 , milk/livestock-intake ratio, (pCi/l)/(pCi/d) 6 .000E-04 6.000E-04 RTF(12,3) ~ ',..,,0 

I 
~ >--' D-5 Bioaccumulation factors, fre sh water, l/kg: 'ti 

D-5 Ac-227+D fish 1. 500E+01 1.500E+01 B!OFAC( 1 , 1) :,:, c::l 
'...,0 D-5 Ac-227+D crustacea and mollusks 1.000E+03 1.000E+03 B!OFAC( 1,2) C: c:::J D-5 '"I 

~ Cf', 
D-5 Co-60 fish 3.000E+02 3.000E+02 B!OFAC( 2, 1) -I D-5 Co-60 crus tacea and mollusks 2.000E+02 . 2.000E+02 B!OFAC( 2,2) :,:, v D-5 n, 

rJl 0 D-5 Cs-137+D fish 2.000E+03 2.000E+03 B!OFAC( 3, 1) 5: v tTJ 
e, D-5 Cs-137+D crustacea and mollusks 1. OOOE+02 1.000E+02 BIOFAC( 3,2) n, '"1 ~ D-5 = ~ I ... :=i:, v) ... 

D-5 Pa-231 fish 1.000E+01 1.000E+01 B!OFAC( 4, 1) ~ I - • \0 
D-5 Pa-231 crus tacea and mollusks 1. 1 OOE+02 1.100E+02 BIOFAC( 4,2) 0\ rJJ I D-5 n -D-5 Pu-239 fish 3.000E+01 3. 000E+01 B!OFAC( 5, 1) n, ,_. 

= D-5 Pu-239 crus tacea and mollusks 1. OOOE+02 1.000E+02 B!OFAC( 5, 2) ~ 
D-5 

.., ... 
D-5 Pu-240 fi sh 3.000E+01 3.000E+01 BIOFAC( 6, 1) 0 

D-5 Pu-240 crustacea and mollusks 1.000E+02 1.000E+02 BIOFAC( 6,2) ,--.. 
'"d D-5 ~ 

D-5 Ra-228+D fi sh 5.000E+01 5.000E+01 B!OFAC( 7, 1) 00 
' (1) 

D-5 Ra-228+D crustacea and mollusks 2.500E+02 2.5 00E+02 B!OFAC( 7,2 ) v) 
D-5 0 
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Dose Convers ion Factor (and Related) Parameter Sunmary (continued) 
File : DOSFAC.B!N 

0 Current Parameter 
Menu Parameter Value Default Name 

D-5 Sr-90+0 fish 6 . 000E+01 6.000E+01 BIOFAC( 8,1) 
D-5 Sr -90+D 

' 
crustacea and mo l lusks 1.000E+02 1.000E+02 B!OFAC( 8,2) 

D-5 
D-5 Th-228+D fish 1. OOOE+02 1. 000E+02 BIOFAC( 9, 1) 
D-5 Th-228+D 

' 
crustacea and mollusks 5 . 000E+02 5. 000E+02 B!OFAC( 9,2) 



tj 
I 

+>,. 

D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 

Th-232 
Th-232 

U-235+D 
U-235+D 

U-236 
U-236 

fish 
crustacea and mollus ks 

fish 
crustacea and mollusks 

fish 
crustacea and mollusks 

1.000E+02 
5.000E+02 

1.000E+01 
6.000E+01 

1.000E+01 
6 . 000E+01 
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0 

Summary: 1301 residential File: 1310RES.DAT 

Site-Specific Parameter Summary 

Menu 

R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 

R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 

R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 

Parameter 

Area of contaminated zone (m**2) 
Thickness of contaminated zone (m) 
Length parallel to aquifer flow (m) 
Basic radiation dose limit (mrem/yr) 
Time since placement of material (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 

Initial principal radionuclide 
Initial principal radionuclide 
Initial principal radionuclide 
Initial principal radionuclide 
Initial principal radionuclide 
Concentration in groundwater 
Concentration in groundwater 
Concentration in groundwater 
Concentration in groundwater 
Concentration in groundwater 

Cover depth (m) 

(pCi/g): 
(pCi/g): 
(pCi/g): 
(pCi/g): 
(pCi/g): 
(pCi/L): 
(pCi/L): 
(pCi /L): 
(pCi/L): 
(pCi/L): 

Density of cover material (g/cm**3) 
Cover depth erosion rate (m/yr) 
Density of contaminated zone (g/cm**3) 
Contaminated zone erosion rate Cm/yr) 
Contaminated zone total porosity 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 
Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

Contaminated zone effective porosity 
Contaminated zone hydraulic conductivity (m/yr) 

User 
Input 

1.000E+04 
5.000E+OO 
1.000E+02 
1.500E+01 
O. OOOE+OO 
1.000E+OO 
3.000E+OO 
1.000E+01 
1.400E+01 
2.200E+01 
1.000E+02 
1.000E+03 
not used 
not used 

1.000E+OO 
1. OOOE+OO 
1.000E+OO 
1. 000E+OO 
1.000E+OO 
not used 
not used 
not used 
not used 
not used 

O.OOOE+OO 
not used 
not used 
1.6DOE+OO 
1.000E-03 
4.000E-01 
2.0DOE-01 
1.000E+01 

Default 

1.000E+04 
2.000E+OO 
1.000E+02 
3.000E+01 
O.OOOE+OO 
1.000E+OO 
3.000E+OO 
1.000E+01 
3.000E+01 
1.000E+D2 
3.000E+02 
1.000E+03 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
1.500E+OO 
1.000E-03 
1.SOOE+OO 
1.000E -03 
4.000E-01 
2.000E-01 
1.000E+01 

1.000E+02 
5.000E+02 

1.000E+01 
6.000E+01 

1. 000E+01 
6 . 000E+01 

BIOFAC(10,1) 
BIOFAC(10,2) 

BIOFAC(11,1) 
BIOFAC(11,2) 

BIOFAC(12, 1) 
BIOFAC(12,2) 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

AREA 
THICKO 
LCZPAQ 
BRDL 
TI 
T( 2) 

T( 3) 
T( 4) 

T( 5) 

T( 6) 
T( 7) 

T( 8) 
T( 9) 

T(10) 

S1 ( 2) 
S1( 3) 
S1( 5) 
S1( 6) 
S1( 8) 
\.11 C 2 l 
\,/1( 3) 
\.11 C 5) 
\.11 C 6) 
\.11 C 8) 

COVERO 
DENSCV 
vcv 
DENSCZ 
vcz 
TPCZ 
EPCZ 
HCCZ 



t:J 
I 

V, 

Contaminated zone b parameter 
Humidity in air (g / cm**3) 
Evapotranspiration coefficient 
Precipitation (m/yr) 
Irrigation Cm/yr) 
Irrigation mode 
Runoff coefficient 

R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 

Watershed area for nearby stream or pond (m**2) 
Accuracy for water/soil computations 

5.300E+OO 
not used 
9 .900E·01 
1.600E·01 
O.OOOE+OO 
overhead 
2.000E-01 
1.000E+06 
1.000E·03 

R014 Density of saturated zone (g/cm**3) 
R014 Saturated zone total porosity 
R014 Saturated zone effective porosity 
R014 Saturated zone hydraulic conductivity (m/yr) 
R014 Saturated zone hydraulic gradient 
R014 Saturated zone b parameter 
R014 Water table drop rate (m/yr) 

1RESRAD, Version 5 . 61 T½ Limit= 0.5 year 
SuITTTiary: 1301 residential 

1. 500E+OO 
4.000E·01 
2.000E·01 
1.000E+02 
2. 000E-02 
5.300E+OO 
1.000E-03 

04/24/96 10:50 
File : 

5.300E+OO 
8.000E+OO 
5 .000E·01 
1.000E+OO 
2.000E-01 
overhead 
2.000E-01 
1.000E+06 
1.000E·03 

1.500E+OO 
4.000E·01 
2.000E-01 
1.000E+02 
2.000E·02 
5.300E+OO 
1. 000E-03 
Page 6 

1310RES . DAT 

Site-Specific Parameter SuITTTiary (continued) 
0 User 

Menu Parameter Input Default (If 

R014 Well pump intake depth (m below water table) 1.000E+01 1.000E+01 
R014 Model: Nondispersion (ND) or Ma ss- Balance (MB) ND ND 
R014 Well pumping rate (m**3/yr) 2.500E+02 2.500E+02 

R015 Number of unsaturated zone strata 1 1 
R015 Unsat. zone 1, thickness (m) 4.000E+OO 4.000E+OO 
R015 Unsat. zone 1, soil dens i ty (g/cm**3) 1.500E+OO 1. 500E+OO 
R015 Unsat. zone 1, total porosity 4.000E-01 4.000E-01 
R015 Unsat . zone 1, effective porosity 2. 000E-01 2.000E·01 
R015 Unsat. zone 1. soil-specific b parameter 5.300E+OO 5.300E+OO 
R015 Unsat. zone 1, hydraulic conductivity (m/yr) 1.000E+01 1.000E+01 

R016 Distribution coefficients for Co-60 
R016 Contaminated zone (cm**3/g) 1.000E+03 1.000E+03 
R016 Unsaturated zone 1 (cm**3/g) 1.000E+03 1.000E+03 
R016 Saturated zone (cm**3/g) 1.000E+03 1.000E+03 
R016 Leach rate (!yr) O. OOOE+OO O.OOOE+OO 
R016 Solubility constant O. OOOE+OO O.OOOE+OO 

R016 Distribution coefficients for Cs - 137 
R016 Contaminated zone (cm**3/g) 1. 000E+03 1.000E+03 
R016 Unsaturated zone 1 (cm**3/g) 1. OOOE+03 1.000E+03 
R016 Saturated zone (cm**3/g) 1.000E+03 1.000E+03 
R016 Leach rate (/yr) 0 . 000E+OO O.OOOE+OO 
R016 Solubility constant 0.000E+OO O.OOOE+OO 

R016 Di s tribution coefficients for Pu-239 

Used by RESRAD 
different from user input) 

1.600E·07 
not used 

1.600E·07 
not used 

BCZ 
HUMID 
EVAPTR 
PRECIP 
RI 
ID ITCH 
RUNOFF 
WAREA 
EPS 

DENSAQ 
TPSZ 
EPSZ 
HCSZ 
HGWT 
BSZ 
VWT 

Parameter 
Name 

DWIBWT 
MODEL 
uw 

NS 
H(1) 
DENSUZ(1) 
TPUZ(1) 
EPUZ(1) 
BUZ(1) 
HCUZ(1) 

DCNUCC( 2) 
DCNUCU( 2, 1) 
DCNUCS( 2) 
ALEACH( 2) 
SOLUBK( 2) 

DCNUCC( 3) 
DCNUCU( 3, 1) 
DCNUCS( 3) 
ALEACH( 3) 
SOLUBK( 3) 

....i l,._~ 

~ a-,,,, 
O" -~ t...N 
~ -t= 
I '-..,,0 ,_. 

__;,:::: 

~ ·• c:::3 = '....o ., 
CJ ~ - ~ I 

~ t:J ~ 

"' 0 s.: t:J tT1 
~ 

~ = 
.., 
f:ll .... ::ti -· ~ I - • \0 

00 °' I 
(') ........ 
~ 

= ~ ., -· 0 

.---. 
'"O 
Pl 

(JQ 
(1) 

V, 

0 ....., 
....... 
.._.J 

'--" 



R016 Contaminated zone (cm**3/g) 2.000E+03 2.000E+03 DCNUCC( 5) 
R016 Unsaturated zone 1 (cm**3/g) 2.000E+03 2.000E+03 DCNUCU( 5,1) 
R016 Saturated zone (cm**3/g) 2.000E+03 2.000E+03 DCNUCS( 5) 
R016 Leach rate (!yr) O.OOOE+OO 0.000E+OO 7.999E -08 ALEACH( 5) 
R016 Solubility constant O.OOOE+OO O.OOOE+OO not used SOLUBK( 5) 

R016 Distribution coefficients for Pu-240 
R016 Contaminated zone (cm**3/g) 2.000E+03 2.000E+03 DCNUCC( 6) 
R016 Unsaturated zone 1 (cm**3/g) 2.000E+03 2.000E+03 DCNUCU( 6, 1 l 
R016 Saturated zone (cm**3/g) 2.000E+03 2.000E+03 DCNUCS( 6) 
R016 Leach rate (!yr) O.OOOE+OO O.OOOE+OO 7.999E -08 ALEACH( 6) ...., 
R016 Solubil i ty constant O. OOOE+OO O.OOOE+OO not used SOLUBK( 6) ~ 

O' -R016 Distribution coefficients for Sr -90 t1) 

R016 Contaminated zone (cm**3/g) 3.000E+01 3.000E+01 DCNUCC( 8) t:::, 
R016 Unsaturated zone 1 (cm**3/g) 3 . 000E+01 3.000E+01 DCNUCU( 8, 1 l 

I 
>--4 

R016 Saturated zone (cm**3/g) 3 . 000E+01 3.000E+01 DCNUCS( 8) 
R016 Leach rate (!yr) O.OOOE+OO O.OOOE+OO 5.310E -06 ALEACH( 8) ::r:, 
R016 Solubility constant O.OOOE+OO O.OOOE+OO not used SOLUBK( 8) = .., 

1RESRAD, Version 5.61 T1/, Limit 0.5 year 04/24/96 10:50 Page 7 ~ 

Summary : 1301 r esidential File: 1310RES.DAT -I ::r:, 
tJ 

Site -Specific 
t1) 

Parameter Summary (continued) rJ, 0 .... 
0 User Used by RESRAD Pa rameter Q.. tJ tI1 

Menu Parameter Input Default (If different from user input) t1) 

~ tJ Name = ~ 
s::,) 

I - ::I:> °' 
.... 

R016 Distribution coefficients for daughter Ac-227 ~ I - • \0 
R016 Contaminated zone (cm**3/g) 2.000E+01 2.000E+01 DCNUCC( 1) 00 °' I 
R016 Unsaturated zone 1 (cm**3/g) 2.000E+01 2.000E+01 DCNUCU( 1, 1 ) I") ...... 
R016 Saturated zone (cm**3/g) 2.000E+01 2.000E+01 

t1) ...... 
DCNUCS( 1) = R016 Leach rate (!yr) 0.000E+OO 0.000E+OO 7.949E·06 ALEACH( 1) ~ .., 

R016 Solubility constant O.OOOE+OO O.OOOE+OO not used SOLUBK( 1) .... 
0 

R016 Distribution coefficients for daughter Pa-231 
,.-.._ 
'"ti 

R016 Contaminated zone (cm**3/g) 5 .000E+01 5.000E+01 DCNUCC( 4) s::,) 
(JQ 

R016 Unsaturated zone 1 (cm**3/g) 5.000E+01 5.000E+01 DCNUCU( 4, 1) (1) 

R016 Saturated zone (cm**3/g) 5.000E+01 5.000E+01 DCNUCS( 4) °' R016 Leach rate (!yr) O.OOOE+OO O.OOOE+OO 3.192E-06 ALEACH( 4) 0 
R016 Solubility constant O.OOOE+OO O.OOOE+OO not used SOLUBK( 4) 1-+i ...... 

--.J 
R016 Distribution coefficients for daughte r Ra-228 

.___,, 

R016 Contaminated zone (cm**3/g) 7.000E+01 7.000E+01 DCNUCC( 7) 
R016 Unsaturated zone 1 (cm**3/g) 7.000E+01 7. 000E+01 DCNUCU( 7, 1) 
R016 Saturated zone (cm**3/g) 7.000E+01 7.000E+01 DCNUCS( 7) 
R016 Leach rate (!yr) O.OOOE+OO O. OOOE+OO 2.281E-06 ALEACH( 7) 
R016 Solubility constant O.OOOE+OO O.OOOE+OO not used SOLUBK( 7) 

R016 Distribution coefficients for daughter Th -228 
R016 Contaminated zone (cm**3/g) 6 .000E+04 6.000E+04 DCNUCC( 9) 
R016 Unsaturated zone 1 (cm**3/g) 6.000E+04 6 . 000E+04 DCNUCU( 9, 1 l 
R016 Saturated zone (cm**3/g) 6.000E+04 6.000E+04 DCNUCS( 9) 



R016 Leach rate (/yr) O.OOOE+OO O.OOOE+OO 2.667E·09 ALEACH( 9) 
R016 Solubility constant O.OOOE+OO 0.000E+OO not used SOLUBK( 9) 

R016 Distribution coefficients for daughter Th-232 
R016 Contaminated zone (cm**3/g) 6.000E+04 6.000E+04 DCNUCC(10) 
R016 Unsaturated zone 1 (cm**3/g) 6.000E+04 6.000E+04 DCNUCU(10, 1) 
R016 Saturated zone (cm**3/g) 6.000E+04 6.000E+04 DCNUCS(10) 
R016 Leach rate (!yr) D.OOOE+OO O.OOOE+OO 2.667E·09 ALEACH(10) 
R016 Solubility constant O.OOOE+OO O.OOOE+OO not used SOLUBK(10) 

R016 Distribution coefficients for daughter U-235 
R016 Contaminated zone (cm**3/g) 5.000E+01 5.000E+01 DCNUCC(11) ~ i..~c~ 
R016 Unsaturated zone 1 (cm**3/g) 5 . 0DOE+01 5.000E+01 DCNUCU(11, 1) 
R016 Saturated zone (cm**3/g) 5.00DE+01 5.DDOE+01 DCNUCS(11) 
R016 Leach rate (/yr) O. OOOE+DO O.OOOE+OO 3.192E·06 ALEACH(11) 
R016 Solubility constant 0.000E+OO O.OOOE+OO not used SOLUBK(11) 

ti,) -C'r'·, 
0-- (J,;l ~ 

t:;j --4= 
I '-,.0 
~ ~ 

R016 Distribution coefficients for daughter U-236 
R016 Contaminated zone (cm**3/g) 5.000E+01 5.000E+01 DCNUCC(12) 
R016 Unsaturated zone 1 (cm**3/g) 5.000E+01 5.000E+01 DCNUCU(12, 1) 
R016 Saturated zone (cm**3/g) 5.000E+01 5.000E+01 DCNUCS(12) 

!I! 

::r=i ~ 
i:: "-,,D ,., c::) 
ti,) co -R016 Leach rate (!yr) O.OOOE+OO O.OOOE+OO 3.192E·06 ALEACH(12) 

R016 Solubility constant O.OOOE+OO O.OOOE+OO not used SOLUBK(12) 
I 

::r=i u ~ 

"' 0 .... 
R017 Inhalation rate (m**3/yr) 8 .400E+03 8.400E+03 INHALR 

u R017 Mass loading for inhalation (g/m**3) 2.000E -04 2. 000E -04 MLI NH 
I 1RESRAD, Version 5.61 T1/,Limit=0.5 year 04/24/96 10:50 Page 8 --.J 

Sunmary: 1301 residentia l Fi le: 1310RES.DAT 

Q.. u trJ 
~ 

~ = '"1 
p.) ..... 
~ .... 

ti,) I - • \0 

00 0\ 
I 

User Used by RESRAD Parameter 
Menu Parameter Input Default (If different from user input) Name 

Site-Specific Parameter Sunmary (continued) 
D 

~ ,___. 
~ ,___. 

= ti,) ,., 
;· 

R017 Dilution length for airborne dust, inhalation (m) 3.000E+OO 3.000E+OO ... LM ---R017 Exposure duration 3.000E+01 3.000E+01 ... ED 
R017 Shielding factor, inhalation 4.000E-01 4.000E-01 ... SHF3 

'ij 
p.) 

(JQ 

R017 Shielding factor, external ganma 7.000E-01 7.000E-01 .. - SHF1 (1) 

R017 Fraction of time spent indoors 5.000E-01 5.000E-01 ·-· FIND --.J 

R017 Fraction of time spent outdoors (on site) 2.SOOE-01 2.500E·01 . . . FOTD 
R017 Shape factor flag, external ganma 1.000E+OO 1.000E+OO 1 shows circular AREA. FS 

0 ......, 
,___. 

R017 Radii of shape factor array (used if FS = -1): --.J ..__, 
R017 Outer annular radius (m), ring 1: not used 5.000E+01 . - . RAD_SHAPE( 1) 
R017 Outer annular radius (m), ring 2: not used 7.071E+01 ... RAD_SHAPE( 2) 
R017 Outer annular radius Cm), ring 3: not used O.OOOE+DD . . - RAD_SHAPE( 3) 
R017 Outer annular radius Cm), ring 4: not used O.OOOE+DO ... RAD _SHAPE( 4) 
R017 Outer annular radius (m) • ring 5: not used O.OOOE+OO ... RAD_SHAPE( 5) 
R017 Outer annular radius (m), ring 6: not used O. OOOE+OO .. - RAD_SHAPE( 6) 
R017 Outer annular radius Cm), ring 7: not used O.DDDE+OO . - - RAO_SHAPE( 7) 
RD17 Outer annular radius Cm), ring 8: not used O.OOOE+DO ... RAD_SHAPE( 8) 
R017 Outer annular radius (m) • ring 9: not used O.OOOE+OO ... RAD_SHAPE( 9) 
R017 Outer annular radius (m)' ring 10 : not used O.ODOE+OO ... RAD_ SHAPE ( 10) 



tj 
I 

00 

R017 
R017 

R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 

Outer annular radius (m), ring 11: 
Outer annular radius (m), ring 12: 

Fractions of annular areas within AREA: 
Ring 1 
Ring 2 
Ring 3 
Ring 4 
Ring 5 
Ring 6 
Ring 7 
Ring 8 
Ring 9 
Ring 10 
Ring 11 
Ring 12 

R018 Fruits, vegetables and grain consumption (kg/yr) 
R018 Leafy vegetable consumption (kg/yr) 
R018 Milk consumption (L/yr) 
R018 Meat and poultry consumption (kg/yr) 
R018 Fish consumption (kg/yr) 
R018 Other seafood consumption (kg/yr) 
R018 Soil ingestion rate (g/yr) 
R018 Drinking water intake (L/yr) 
R018 Contamination fraction of drinking water 
RD18 Contamination fraction of household water 
R018 Contamination fraction of livestock water 
R018 Contamination fraction of irrigation water 
R018 Contamination fraction of aquatic food 
R018 Contamination fraction of plant food 
RD18 Contamination fraction of meat 
R018 Contamination f raction of milk 

not used 
not used 

not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1 .600E+02 
1.400E+01 
9.200E+01 
6.300E+01 
not used 
not used 
3.650E+01 
not used 
not used 
not used 
1.000E+OO 
1.000E+OO 
not 

-1 
-1 
-1 

used 

O.OOOE+OO 
0. 000E+OO 

1.000E+OO 
2.732E · 01 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O. OOOE+OO 
O.OOOE+OO 
O. OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

1. 600E+02 
1.400E+01 
9.200E+01 
6 .300E+01 
5.400E+OO 
9.000E-01 
3.650E+01 
5.100E+02 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
5.000E-01 

-1 
- 1 
-1 
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0 
Site-Specific Parameter Summary (continued) 

User 

0.500E+OO 
0.500E+OO 
0.500E+OO 

Used by RESRAD 
Menu Parameter Input Default (If different from user input) 

R019 
R019 
R019 
R019 
R019 
R019 
R019 
R019 
R019 
R019 
R019 

Lives tock fodder intake for meat (kg/day) 
Livestock fodder intake for milk (kg/day) 
Livestock water intake for meat CL/day) 
Livestock water intake for milk CL/day) 
Livestock soil intake (kg/day) 
Mass loading for foliar deposition (g/m**3) 
Depth of soil mixing layer (m) 
Depth of roots (m) 
Drinking water fraction from ground water 
Household water fraction from ground water 
Livestock water fraction from ground water 

6.800E+01 
5 . 500E+01 
5 .000E+01 
1. 60DE+02 
5.000E-01 
1.000E-04 
1 .SOOE-01 
9.000E-01 
1.000E+OO 
not used 
not used 

6.800E+01 
5.500E+01 
5.000E+01 
1.600E+02 
5.000E-01 
1.000E-04 
1 .500E·01 
9.000E-01 
1.000E+OO 
1.0DOE+OO 
1.000E+OO 

RAD_SHAPE(11) 
RAD_SHAPE(12) 

FRACA( 1) 
FRACA( 2) 
FRACA( 3) 
FRACA( 4) 
FRACA( 5) 
FRACA( 6) 
FRACA( 7) 
FRACA( 8) 
FRACA( 9) 
FRACA(10) 
FRACA(11) 
FRACA(12) 

DI ET( 1) 
DIET(2) 
DIET(3) 
DIET(4) 
DIETCS) 
DIET(6) 
SOIL 
D\.II 
FD\./ 
FHH\.I 
FL\./ 
FI R\.I 
FR9 
FPLANT 
FMEAT 
FMILK 

Parameter 
Name 

LFI5 
LF 16 
L\.II 5 
L\.II6 
LSI 
MLFD 
DM 
DROOT 
FG\.ID\.I 
FG\.IHH 
FG\/L\/ 



Cl 
I 

'-0 

R019 Irrigation fraction from ground water 1.000E+OO 1.000E+OO 

C14 
C14 
C14 
C14 
C14 
C14 
C14 
C14 
C14 

STOR 
STOR 
STOR 
STOR 
STOR 
STOR 
STOR 
STOR 
STOR 
STOR 

C-12 concentration in water (g/cm**3) 
C-12 concentration in contaminated soil (g/g) 
Fraction of vegetation carbon from soil 
Fraction of vegetation carbon from air 
C-14 evasion layer thickness in soil (m) 
C-14 evasion flux rate from soil (1/sec) 
C-12 evasion flux rate from soil (1/sec) 
Fraction of grain in beef cattle feed 
Fraction of grain in milk cow feed 

Storage times of contaminated foodstuffs (days): 
Fruits, non-leafy vegetables, and grain 
Leafy vegetables 
Milk 
Meat and poultry 
Fish 
Crustacea and mollusks 
Wet l water 
Surface water 
Livestock fodder 

R021 Thickness of building foundation Cm) 
R021 Bulk density of building foundation (g/cm**3) 
R021 Total porosity of the cover material 
R021 Total porosity of the building foundation 
R021 Volumetric water content of the cover material 
R021 Volumetric water content of the foundation 
R021 Diffusion coefficient for radon gas Cm/sec): 
R021 in cover material 
R021 in foundation material 
R021 in contaminated zone soil 
R021 Radon vertical dimension of m1x1ng (m) 
R021 Average annual wind speed Cm/sec) 
R021 Average building air exchange rate (1/hr) 
R021 Height of the building (room) · (m) 
R021 Building interior area factor 
R021 Building depth below ground surface (m) 
R021 Emanating power of Rn-222 gas 

not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.400E+01 
1.000E+OD 
1.000E+OO 
2.000E+01 
not used 
not used 
1.DDOE+DD 
1.000E+OO 
4.50DE+D1 

not used 
not used 
not used 
n·ot used 
not used 
not used 

not used 
not 
not 
not 
not 
not 
not 

used 
used 
used 
used 
used 
used 

not used 
not used 
not used 

1RESRAD, Version 5.61 T½ Limit= 0.5 year 
Summary: 1301 residential 

04/24/96 10:50 
Fi le: 

2.DOOE -05 
3.000E-02 
2.000E-02 
9.BDDE-01 
3.000E-01 
7.000E-07 
1. OOOE-10 
8.000E-01 
2.000E-01 

1.400E+01 
1.DODE+OD 
1.000E+OO 
2.DODE+01 
7.00DE+OO 
7.000E+OO 
1.000E+OO 
1.00DE+OO 
4.500E+01 

1.5DOE-01 
2.4DOE+OO 
4.000E-01 
1.DOOE-01 
5.000E-02 
3.000E-02 

2.0DOE-06 
3.000E-07 
2.0DOE-06 
2.0DOE+OO 
2.0DOE+DD 
5.000E-01 
2.5DOE+OD 
O.OOOE+OO 

-1.0DOE+DD 
2.5DOE-01 
Page 10 

1310RES.DAT 

Site-Specific Parameter Summary (continued) 
0 User 

Menu Parameter Input Default (If 

R021 Emanating power of Rn · 220 gas not used 1.500E·01 

Used by RESRAD 
different from user input) 

- - -

FGWIR 

C12WTR 
C12CZ 
CSOIL 
CAIR 
DMC 
EVSN 
REVSN 
AVFG4 
AVFG5 

STOR_T(1) 
STOR TC2) 
STOR)C3) 
STOR T(4) 
STOR-T(5) 
STO(T(6) 
STOR T(7) 
STOR-T(8) 
STOR-T(9) 

FLOOR 
DENSFL 
TPCV 
TPFL 
PH20CV 
PH20FL 

DIFCV 
DIFFL 
DIFCZ 
HMIX 
WIND 
REXG 
HRM 
FA! 
DMFL 
EMANA(l) 

Parameter 
Name 

EMANA(2) 

·-..o 
°"' 
·{.Jo,J 
...J:: 
-...,0 
....:i::: 
$ 

"Cl 
",,;D 
Cl 

'° 



t:J 
I ,._. 

0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

SuITTTiary of Pathway Selections 

Pathway 

external gaITTTia 
inhalation (w/o radon) 
plant ingestion 
meat ingestion 
milk ingestion 
aquatic foods 
drinking water 
soil ingestion 
radon 

User Selection 

active 
active 
active 
active 
active 

suppressed 
suppressed 

active 
suppressed 

1RESRAD, Version 5.61 T½ Limit= 0.5 year 04/24/96 10:50 Page 11 
SuITTTiary: 1301 residential Fi le: 1310RES.DAT 

Contaminated Zone Dimensions 

Area: 
Thickness: 

10000.00 square meters 
5.00 meters 

Initial Soil Concentrations, pCi/g 

Cover Depth: 0.00 meters 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 

0 
Total Dose TOOSE(t), mrem/yr 

Basic Radiation Dose Limit= 15 mrem/yr 
Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t) 

t (years): O.OOOE+OO 1.000E+OO 3.000E+OO 1.000E+01 1.400E+01 2.200E+01 1. 000E+02 1. 000E+03 
TDOSE(t): 1.824E+01 1.691E+01 1.466E+01 9.791E+OO 8.232E+OO 6.348E+OO 2.142E+OO 1.363E+OO 

M( t): 1.216E+OO 1.127E+OO 9.775E-01 6.527E-01 5.488E-01 4.232E-01 1.428E-01 9.086E-02 
•Maximum TDOSE(t): 1.824E+01 mrem/yr at t = O.OOOE+OO years 
1RESRAD, Version 5.61 T½ Limit= 0.5 year 04/24/96 10:50 Page 12 

0 
0 

0 

SuITTTiary: 1301 residential Fi le: 1310RES.DAT 

Ground 
Radio-

Total Dose Contributions TDOSE(i ,p,t) for Individual Radionuclides Ci) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = O.OOOE+OO years 

~ater Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat Mi lk 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr tract . mrem/yr fract. mrem/yr tract. 

Co-60 9. 147E+OO 0.5013 1. 607E -04 0. 0000 O. OOOE+OO 0 .0000 1.864E-01 0.0102 9.850E - 02 0.0054 1.195E-02 0.0007 
Cs-137 1.915E+OO 0.1050 2.341E-05 0.0000 O.OOOE+OO 0.0000 1. 739E-01 0.0095 1 . 517E - 01 0. 0083 4.959E-02 0.0027 
Pu-239 1.700E-04 0.0000 3.149E-01 0.0173 O.OOOE+OO 0.0000 3.101E-01 0.0170 6.355E-03 0.0003 9.063E-05 0.0000 
Pu-240 8.723E-05 0.0000 3.149E-01 0.0173 O.OOOE+OO 0.0000 3.101E-01 0.0170 6.355E-03 0.0003 9.063E-05 0.0000 
Sr -90 1.476E·02 0.0008 9.615E-04 0. 0001 O.OOOE+OO 0.0000 3.990E+OO 0. 2187 8.025E-01 0.0440 2.386E-01 0.0131 
~ 

Total 1.108E+01 0.6071 6.309E-01 0.0346 O.OOOE+OO O.OOOD 4 .970E+OO 0.2724 1.065E+DO 0. 0584 3.003E-01 0.0165 

~ 
~ 
O" -~ 
~ 
I ,__. 

~ = '"I 
~ -I 
~ 

t:J ~ 
V, s.: 0 

t:J tn ~ 

~ = '-I ..... Pl :;;· ~ 
I - • '-0 

VJ 0\ 
n I 

~ 
,._. 

= ,._. 
~ 
'"I .... 
0 

,.-._ 
'"o 
Pl 

00 
(l) 

,._. 
0 
0 

Soil 
>-+-, 
,._. 
"'1 
'-' 

mrem/yr tract. 

7.364E -04 0.0000 
1.369E-03 0.0001 
9.691E-02 0.0053 
9.691E-02 0.0053 
4.188E-03 0. 0002 

2.001E-01 0.0110 



d 
I _. 
_. 

Total Dose Contributions TDOSE(i,p,t) for Individual Radi onucl ides (i) and Pa thways (p) 
As mrem/yr and Fraction of Total Dose At t O.OOOE+OO years 

0 Water Dependent Pathways 
0 Wat er Fi sh Radon Plant Meat Milk All Pathways* 
Radio· 
Nuclide mrem/yr fract. mrem/yr fr act. mrem/yr fr act. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Co -60 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 9.444E+OO 0.5177 
Cs- 137 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 D. OOOE+OO 0.0000 0 .000E+OO 0.0000 2.292E+OO 0.1256 
Pu-239 O.OOOE+OO 0.0000 O.OOOE+OO 0:0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.O OOE+OO 0.0000 O.OOOE+OO 0.0000 7.285E·01 0.0399 
Pu-240 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O,OOOE+OO 0.0000 O.OOOE+OO 0.0000 7.284E·01 0.0399 
Sr-90 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 5.051E+OO 0.2769 

Total 0.000E+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 O.OOOE+OO 0 . 0000 1.824E+01 1.0000 
•*Sum of all water independent and dependent pathways. 
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0 
0 

Summary : 1301 residential File: 1310RES.DAT 

Ground 
Radio· 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.000E+OO years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat Mi lk Soil 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Co -60 
Cs-137 
Pu-239 
Pu-240 

0 

0 
0 

Sr -90 

Total 

Radio · 

8.019E+OO 0 .4743 1.409E·04 0. 0000 O.OOOE+OO 0.0000 1.634E·01 0 . 0097 8 .637E·02 0.0051 1.048E·02 0.0006 
1.871E+OO O. 1107 2.288E·05 0.0000 O.OOOE+OO 0.0000 1.699E·01 0.0100 1.482E·01 0.0088 4.846E·02 0.0029 
1.700E·04 0.0000 3.149E·01 0.0186 O.OOOE+OO 0 . 0000 3.101E·01 0.0183 6.355E·03 0.0004 9 . 062E · 05 0.0000 
8.722E·05 0.0000 3.148E·01 0.0186 O.OOOE+DO 0.0000 3.101E·01 0.0183 6.354E·03 0.0004 9.062E·05 0.0000 
1.441E·02 0.0009 9.389E·04 0.0001 O.OOOE+OO 0 .0000 3.896E+OO 0.2304 7.837E·01 0.0463 2.330E · 01 0.0138 

9.905E+OO 0. 5858 6.308E·01 0.0373 O.OOOE+OO 0.0000 4.850E+OO 0 . 2868 1.031E+OO 0.0610 2.921E·01 0.0173 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (p) 
As mrem/y r and Fraction of Total Dose At t = 1.000E+OO years 

Water Dependent Pathways 
Water Fish Radon Plant Mea t Milk 

6.456E·04 0.0000 
1.337E · 03 0.0001 
9.690E·02 0 . 0057 
9 .690E · 02 0 . 0057 
4.090E·03 0 . 0002 

1.999E·01 0 . 0118 

All Pathways* 

Nuclide mrem/y r fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract . mrem/yr fract. mrem/yr fract. 

Co-60 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.00D0 O.O OOE+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 8.280E+OO 0 .4897 
Cs· 137 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.239E+OO 0.1324 
Pu-239 O. OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 7.285E·01 0.0431 
Pu-240 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0 . 0000 7.283E·01 0.0431 
Sr-90 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 4.932E+OO 0.2917 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 1.691E+01 1.0000 
O*Sum of all water independent and dependent pathways. 
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Summary : 1301 residential File: 1310RES.DAT 
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t:) 
I ....... 

N 

0 
0 
Radio-

Ground 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 3.000E+OO years 

~ater Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat Milk Soil 

Nuclide mrem/yr fract. mrem/yr tract. mrem/yr fract. mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract. 
---
Co-60 6.165E+OO 0.4204 1.063E-04 0.0000 O.OOOE+OO 0.0000 1.256E - 01 0.0086 6.639E-02 0.0045 8.055E-03 0.0005 4.963E-04 0.0000 
Cs-137 1.787E+OO 0.1219 2.185E-05 0.0000 O.OOOE+OO 0.0000 1.622E-01 0.0111 1.415E-01 0.0097 4.627E-02 0.0032 1.277E-03 0.0001 
Pu-239 1. ?OOE-04 0.0000 3.149E-01 0.0215 O.OOOE+OO 0.0000 3.101E-01 0.0211 6.354E-03 0.0004 9.062E-05 0.0000 9.690E-02 0.0066 
Pu-240 8.720E-05 0.0000 3.148E-01 0.0215 O.OOOE+OO 0.0000 3.100E-01 0.0211 6.353E-03 0.0004 9.060E-05 0.0000 9.688E-02 0.0066 
Sr-90 1.374E-02 0.0009 8.952E-04 0.0001 O.OOOE+OO 0.0000 3.715E+OO 0.2534 7.472E-01 0. 0510 2.222E-01 0.0152 3.900E-03 0.0003 
= 
Total 7.966E+OO 0.5432 6.307E-01 0.0430 O.OOOE+OO 0.0000 4.623E+OO 0.3153 9.678E-01 0.0660 2.767E-01 0.0189 1.994E-01 0.0136 

0 
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t 3.000E+OO years 
0 ~ater Dependent Pathways 
0 ~ater Fish Radon Plant Meat Milk All Pathways* 
Radio-
Nuclide mrem/yr tract. mrem/yr fract. mrem/yr f ract. mrem/yr fr act . mrem{yr tract. mrem/yr fr act. mrem/yr fr act. 
---
Co-60 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 0.000E+OO 0.0000 0.000E+OO 0. 0000 O.OOOE+OO 0.0000 6.366E+OO 0.4341 
Cs-137 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.138E+OO 0.1458 
Pu-239 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 7.284E-01 0.0497 
Pu-240 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 7.282E-01 0.0497 
Sr-90 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.703E+OO 0.3207 
= 
Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 1.466E+01 1.0000 

O*Sum of all water independent and dependent pathways. 
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0 
0 

Summary : 1301 residential Fi le: 1310RES.DAT 

Ground 
Radio-

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (pl 
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years 

~ater Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat Milk Soil 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr fract. mrem/yr fract. 

Co-60 
Cs -137 
Pu-239 
Pu-240 
Sr-90 

Total 
0 

0 

2.456E+OO 0.2508 4.315E-05 0.0000 O.OOOE+OO 0.0000 5. 003E-02 0.0051 2.645E-02 0.0027 3 . 208E-03 0.0003 
1.520E+OO 0. 1552 1.858E-05 0.0000 O.OOOE+OO 0.0000 1.380E-01 0.0141 1.204E-01 0.0123 3.936E-02 0.0040 
1.699E-04 0.0000 3.148E-01 0.0321 O.OOOE+OO 0.0000 3.100E-01 0.0317 6.353E-03 0.0006 9.060E -05 0.0000 
8.713E-05 0.0000 3.145E-01 0.0321 O.OOOE+OO 0.0000 3 . 098E-01 0. 0316 6.348E-03 0. 0006 9.053E-05 0.0000 
1.163E-02 0.0012 7.578E-04 0.0001 O.OOOE+OO 0.0000 3.145E+OO 0.3212 6.325E-01 0.0646 1.881E-01 0.0192 

3.987E+OO 0.4072 6.301E-01 0.0644 O.OOOE+OO 0.0000 3.953E+OO 0.4037 7.920E-01 0.0809 2.308E-01 0. 0236 

Total Dose Contributions TDOSE(i,p,t) for Individual Rodionuclidcs Ci) and Pathways Cpl 
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years 

~ater Dependent Pathways 

1.977E-04 0.0000 
1.086E-03 0.0001 
9.688E-02 0.0099 
9.680E · 02 0 . 0099 
3.301E-03 0.0003 

1.983E-01 0.0202 
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t::1 
I -l,.) 

0 Water Fi sh Radon Plant Meat Milk 
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/ yr fr act. mrem/yr fract . mrem/yr fr act. mrem/yr fract. 

Co-60 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Cs-137 O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 .0000 O.OOOE+OO 0.0000 0.000E+OO 0. 0000 O.OOOE+OO 0 . 0000 
Pu-239 O. OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 .0000 
Pu-240 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 
Sr-90 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 

Total O.OOOE+OO 0. 0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O*Sum of all water independent and dependent pathways. 
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SuITTTiary : 1301 residential Fi le: 1310RES.DAT 

Total Dose Contribut i ons TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.400E+01 years 

0 \.later Independent Pathways (Inhalation excludes radon) 
0 Ground Inhalation Radon Plant Meat Milk 

Radio-
Nuclide mrem/yr fr act. mrem/yr fr act. mrem/yr fr act. mrem/yr fr act. mrem/yr fract. mrem/yr fr act. 
---
Co-60 1.451E+OO 0. 1763 2.550E-05 0.0000 O.OOOE+OO 0 . 0000 2.957E-02 0.0036 1.563E-02 0.0019 1.896E·03 0.0002 
Cs-137 1.386E+OO 0 . 1684 1. 694E- 05 0. 0000 O.OOOE+OO 0.0000 1.258E-01 0 . 0153 1.098E-01 0.0133 3.588E-02 0 .0044 
Pu-239 1.699E-04 0 . 0000 3. 148E-01 0.0382 O.OOOE+OO 0 . 0000 3.100E-01 0.0377 6 .352E-03 0 . 0008 9.059E-05 0 .0000 
Pu-240 8.710E-05 0. 0000 3. 144E-01 0.0382 O.OOOE+OO 0.0000 3 . 096E-01 0 .0376 6.345E -03 0.0008 9 . 049E -05 0.0000 
Sr -90 1.058E-02 0.0013 6 .890E-04 0.0001 O. OOOE+OO 0.0000 2.859E+OO 0 .3473 5.751E-01 0.0699 1. 710E -01 0.0208 
= 
Total 2.848E+OO 0.3460 6.299E-01 0.0765 O.OOOE+OO 0.0000 3.634E+OO 0 .4415 7. 131E-01 0.0866 2. 089E-01 0.0254 

0 
Total Dose Contributions TDOSE(i,p,t) for Individua l Radionuclides Ci) and Pathways (pl 

As mrem/y r and Fraction of Total Dose At t = 1.400E+01 years 
0 \.later Dependent Pathways 
0 \.later Fish Radon Plant Meat Milk 
Radio-
Nuclide mrem/yr fract . mrem/yr fr act. mrem/yr fr act. mrem/yr fr act. mrem/yr fract. mrem/yr fract . 
---
Co-60 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0 . 0000 0.000E+OO 0 . 0000 
Cs-137 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 
Pu-239 O.OOOE+OO 0.0000 O. OOOE+OO 0 .0000 O. OOOE+OO 0.0000 0 .000E+OO 0.0000 O.OOOE+OO 0. 0000 0.000E+OO 0.0000 
Pu-240 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 0 . 000E+OO 0.0000 
Sr-90 O.OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 
= 
Total O.OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 O. OOOE+OO 0 .0000 

O*Sum of all water independent and dependent pathways. 
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SuITTTia ry : 1301 residential Fi le: 1310RES .DAT 

0 

Total Dose Contribut ions TDOSE(i,p,t) for Indiv idual Radionuclides (i) and Pathways (pl 
As mrem/yr and Frac t ion of Total Dose At t = 2.200E+01 years 

\.later Independent Pathways (Inhalation excludes radon) 

All Pathways* 

mr em/yr fract. 

2.535E+OO 0 . 2590 
1.819E+OO 0.1858 
7. 283E-01 0.0744 
7.277E-01 0.0743 
3.981E+OO 0.4066 

9.791E+OO 1.0000 >--l 
~ 

'-,0 
O" ;o-.., 

~ t.,,,J 
~ -&:. 

I ~ - -t= 

~ • ·c::3 
Soil C: 

"'"° "'1 
e:. mrem/yr fract. I 

~ 
1.168E-04 0.0000 l't> t::1 (I) 

9.905E-04 0.0001 -· 0 0., tTJ 9.687E -02 0.0118 l't> t::1 
9.676E-02 0.0118 

t:I '""1 ~ .... Pl -· ::ti 3.001E-03 0.0004 ~ I - • \0 
00 °' 1.977E-01 0.0240 r, I 
l't> -t:I -~ 
"'1 -· 0 

All Pathways* ,-._, 
>"CJ 
Pl 

mrem/yr fract. OQ 
(I) 

,_. 
1.498E+OO 0.1820 w 
1.658E+OO 0.2015 0 

7.282E-01 0.0885 
......, 
,_. 

7.273E-01 0 . 0884 --.) 
'--" 

3.619E+OO 0.4397 

8.232E+OO 1.0000 



t:J 
' ....... 
~ 

0 
Radio
Nuclide 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

Ground 

mrem/yr fract. 

5.068E-01 0.0798 
1.152E+OO 0.1815 
1.699E-04 0.0000 
8.702E-05 0.0000 
8.742E-03 0.0014 

Inhalation 

mrem/yr fr-act. 

8.906E-06 0.0000 
1.408E-05 0.0000 
3.147E-01 0.0496 
3.141E-01 0.0495 
5.695E-04 0.0001 

Radon 

mrem/yr f rac t. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Plant 

mrem/yr fr act. 

1.033E-02 0.0016 
1.046E-01 0.0165 
3.099E-01 0.0488 
3.094E -01 0.0487 
2.363E+OO 0.3723 

Meat 

mrem/yr f ract. 

5.458E-03 0.0009 
9.124E-02 0.0144 
6.351E-03 0.0010 
6.34DE -03 0.0010 
4.753E-01 0.0749 

Milk 

mrem/yr fr act. 

6 .622E-04 0.0001 
2.983E-02 0.0047 
9.057E-05 0.0000 
9.042E-05 0.0000 
1 . 413E -01 0. 0223 

Soil 

mrem/yr fract. 

4.080E-05 0.0000 
8.233E-04 0.0001 
9.685E-02 0.0153 
9.668E-02 0.0152 
2.481E-03 0.0004 

===== 

Total 1.668E+OO 0.2627 6.294E-01 0.0991 O.OOOE+OO 0.0000 3.097E+OO 0.4879 5.847E-01 0.0921 1.720E-01 0.0271 1.969E-01 0.0310 
0 

0 
0 
Radio-

1./ater 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 2.200E+01 years 

1./ater Dependent Pathways 
Fish Radon Plant Meat Milk All Pathways* 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.ODOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0. 0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

5.233E-01 0.0824 
1.378E+OO 0.2171 
7.280E-01 0.1147 
7.267E·01 0.1145 
2.992E+OO 0.4713 

Total O.OOOE+OO 0.0000 O.OODE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+DO 0.0000 O.OOOE+OO 0.0000 O.OODE+OO 0.0000 6.348E+OO 1.0000 
•*Sum of all water ind~pendent and dependent pathways. 
1RESRAD, Version 5.61 T½ Limit= 0.5 year 04/24/96 10:50 Page 18 

0 
0 

Summary: 1301 residential File: 1310RES.DAT 

Ground 
Radio-

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (pl 
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years 

1./ater Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat Milk Soil 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

1.779E-05 0.0000 3.127E-10 0.0000 
1.900E-01 0.0887 2.323E-06 0.0000 
1.695E-04 0.0001 3.140E-01 0.1466 
8.631E-05 0.0000 3.116E-01 0.1455 
1.365E-03 0.0006 8.891E-05 0.0000 

O.OOOE+OO 0.0000 
O.ODDE+OO 0.0000 
D.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 

3.625E-07 0.0000 
1.725E·02 0.0081 
3.092E-01 0. 1444 
3.068E-01 0.1433 
3.690E·01 0.1723 

1.916E·07 0.0000 2.325E-08 0.0000 1.432E-09 0.0000 
1.505E·02 0.0070 4 .920E·03 0.0023 1.358E-04 0. 0001 
6.337E-03 0.0030 9.036E·05 0.0000 9.663E-02 0.0451 
6.288E -03 0.0029 8.968E-05 0.0000 9 . 588E-02 0.0448 
7 .421E-02 0.0347 2.207E-02 0.0103 3.873E-04 0.0002 

Total 1.916E-01 0.0895 6.256E·01 0.2921 O.OOOE+OO 0.0000 1. 002E+OO 0.4680 1.019E-01 0.0476 2.717E·02 0.0127 1.930E -01 0.0901 
0 

0 
0 I.Jeter 
Radio -

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (pl 
As mrem/yr and Fraction of Total Dose At t 1.00DE+02 years 

1./ater Dependent Pathways 
Fish Radon Plant Meat Milk All Pathways* 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract . mrem/yr fract. mrem/yr fract. 



d 
I 

>-' 
V) 

Co-60 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.837E-05 0.0000 
Cs-137 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.274E-01 0.1062 
Pu-239 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 7.264E -01 0.3392 
Pu-240 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 .0000 7.207E-01 0.3365 
Sr-90 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 .0000 4.671E-01 0.2181 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.142E+OO 1.0000 
O*Sum of all water independent and dependent pathways. 
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0 
0 

SulTlllary : 1301 residential Fi le: 1310RES.DAT 

Ground 
Radio-

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years 

~at er Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat Milk Soil 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

0 

0 
0 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

Total 

Radio-

O.OOOE+OO 0 .0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 .0000 
1.769E-10 0.0000 2.163E-15 0.0000 O. OOOE+OO 0.0000 1.606E-11 0.0000 1.401E-11 0.0000 4 .581E·12 0.0000 
1.656E-04 0.0001 3.059E-01 0.2245 O. OOOE+OO 0.0000 3.013E-01 0.2211 6.174E-03 0.0045 8.805E-05 0.0001 
7.845E-05 0.0001 2.832E-01 0.2078 O.OOOE+OO 0.0000 2.789E-01 0.2046 5.715E-03 0.0042 8. 163E·05 0.0001 
6.749E-13 0 .0000 4.396E-14 0.0000 O. OOOE+OO 0.0000 1.824E-10 0.0000 3.669E-11 0. 0000 1.091E -11 0.0000 

2.440E-04 0.0002 5.891E-01 0.4322 O.OOOE+OO 0.0000 5.802E-01 0.4257 1.189E-02 0.0087 1.697E-04 0.0001 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t 1.000E+D3 years 

~ater Dependent Pathways 
~ater Fish Radon Plant Meat Milk 

O.OOOE+OO 0.0000 
1.265E-13 0.0000 
9.415E-02 0.0691 
8.715E-02 0.0639 
1.915E-13 0.0000 

1.813E-01 0. 1330 

All Pathways* 

Nuclide mrem/yr tract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. rnrem/ yr fract. mrem/yr fract. 

Co-60 D.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0 . 0000 
Cs-137 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.117E-10 0.0000 
Pu-239 O.OOOE+OO 0. 0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 7. 078E-01 0.5193 
Pu-240 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 6.551E-01 0.4807 
Sr-90 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.309E-10 0.0000 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0. 000E+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.363E+OO 1.0000 
O*Sum of all wat er independent and dependent pathways. 
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Dose/Source Ratios SUITllled Over All Pathways 
Parent and Progeny Principal Radionuclide Contributions Indicated 

•Parent Product Branch DSR(j,t) (mrem/yr)/(pCi/g) 
( i) ( j) Fraction t= O.OOOE+OO 1.000E+OO 3.000E+OO 1.000E+01 1.400E+01 2.200E+01 1.000E+02 1.000E+03 
--- -------
Co-60 Co-60 1.000E+OO 9.444E+OO 8.280E+OO 6.366E+OO 2.535E+OO 1.498E+OO 5.233E-01 1.837E-05 O.OOOE+OO 
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OCs-137 
OPu-239 

Pu-239 
Pu-239 
Pu-239 
Pu-239 

OPu-240 
Pu-240 
Pu-240 
Pu-240 
Pu -240 
Pu-240 

OSr-90 

Cs · 137 
Pu-239 
U-235 
Pa-231 
Ac -227 
EDSR(j) 

1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 

Pu-240 1.000E+OO 
U-236 1.000E+OO 
Th-232 1.000E+OO 
Ra-228 1.000E+OO 
Th-228 1.000E+OO 
EDSR(j) 
Sr -90 1.000E+OO 

2.292E+OO 2.239E+OO 2.138E+OO 1.819E+OO 1.658E+OO 1.378E+OO 2.274E·01 2.117E-10 
7.285E·01 7 . 285E-01 7.284E-01 7.283E-01 7.282E-01 7.280E·01 7.264E-01 7.078E·01 
O.OOOE+OO 5.868E·10 1.758E-09 5.859E·09 8.201E-09 1.289E·08 5.849E -08 5.766E-07 
O. OOOE+OO 1.333E·13 1.184E-12 1.309E-11 2.564E·11 6.328E·11 1.305E -09 1.283E-07 
O. OOOE+OO 1.217E-15 2.970E·14 1.014E·12 2.686E·12 9.784E·12 5.690E·10 9.356E·08 
7.285E-01 7.285E·01 7.284E·01 7.283E · 01 7.282E·01 7.280E·01 7.264E·01 7.078E -01 
7.284E-01 7.283E·01 7.282E-01 7.277E-01 7.273E·01 7.267E·01 7.207E·01 6.551E·01 
O.OOOE+OO 4.900E-09 1.464E-08 4.872E -08 6 .819E·08 1.071E·07 4.846E-07 4.615E·06 
O.OOOE+OO 1.112E-18 1.001E·17 1.112E -1 6 2.179E-16 5.379E·16 1.109E ·14 1.073E-12 
O.OOOE+OO 2.494E-19 6.335E-18 1.944E-16 4.838E·16 1.573E · 15 5.388E-14 6.051E-12 
O.OOOE+OO 1.479E·20 9.996E-19 7.209E-17 2.118E-16 8.173E-16 3.579E-14 4.241E-12 
7.284E·01 7.283E-01 7.282E · 01 7.277E·01 7.273E-01 7.267E-01 7.207E-01 6.551E-01 
5.051E+OO 4.932E+OO 4.703E+OO 3.981E+OO 3.619E+OO 2.992E+OO 4.671E-01 2.309E-10 

= ======= 
Branch Fraction is the cumulative factor for the j'th principal radionuclide daughter: CUMBRF(j) = BRF(1)*BRFC2)* ... BRF(j). 
The DSR includes contributions from associated (half-life ~ 0.5 yr) daugh ters . 

0 
Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

Basic Radiation Dose Limit = 15 mrem/yr 
ONucl ide 

( i ) t= O.OOOE+OO 1.000E+OO 3.000E+OO 1.000E+01 1.400E+01 2.200E+01 

Co-60 1.588E+OO 1.811E+OO 2.356E+OO 5.916E+OO 1.001E+01 2.867E+01 
Cs-137 6.546E+OO 6.699E+OO 7.015E+OO 8.247E+OO 9.045E+OO 1.088E+01 
Pu-239 2.059E+01 2.059E+01 2.059E+01 2.060E+01 2.060E+01 2.060E+01 
Pu-240 2.059E+01 2.059E+01 2.060E+01 2.061E+01 2.062E+01 2.064E+01 
Sr-90 2.970E+OO 3.041E+OO 3.190E+OO 3.768E+OO 4.144E+OO 5.014E+OO 

*At specific activity limit 
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Summary: 1301 residential File: 1310RES.DAT 

Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/CpCi/g) 
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

at tmin = time of minimum single radionuclide soil guideline 
and at tmax = time of maximum total dose= O.OOOE+OO years 

ONucl i de Initial tmin DSR(i,tmin) G(i,tmin) DSR(i,tmax) G( i, tmax) 
( i) pCi/g (years) (pCi/g) (pCi/g) 

---
Co-60 1.000E+OO O.OOOE+OO 9.444E+OO 1. 588E+OO 9.444E+OO 1.588E+OO 
Cs-137 1.000E+OO 0.000E+OO 2.292E+OO 6.546E+OO 2.292E+OO 6.546E+OO 
Pu-239 1.000E+OO O.OOOE+OO 7.285E-01 2.059E+01 7.285E-01 2.059E+01 
Pu-240 1.000E+OO O.OOOE+OO 7.284E-01 2.059E+01 7.284E-01 2.059E+01 
Sr-90 1.000E+OO O.OOOE+OO 5.051E+OO 2.970E+OO 5.051E+OO 2.970E+OO 

1RESRAD, Version 5.61 T½ Limit= 0. 5 year 04/24/96 10:50 Page 22 
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Individual Nuclide Dose Summed Over All Path~ays 
Parent Nuclide and Branch Fraction Indicated 

1.000E+02 1.000E+03 

8.166E+05 *1.131E+15 
6.598E+01 7.085E+10 
2.065E+01 2. 119E+01 
2.081E+01 2. 290E+01 
3.211E+01 6.495E+10 
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ONucl i de Parent BRF ( i) DOSE ( j, t), mrem/yr 
(j) Ci) t= O.OOOE+OO 1.000E+OO 3.000E+OO 1.000E+01 1.400E+01 2.200E+01 1.000E+02 1.000E+03 

----------
Co -60 

OCs -137 
OPu-239 
OU-235 
OPa -231 
OAc - 227 
OPu-240 
OU -236 
OTh-232 
ORa-228 
OTh -228 
OSr-90 

Co-60 
Cs - 137 
Pu-239 
Pu-239 
Pu-239 
Pu-239 
Pu-240 
Pu-240 
Pu-240 
Pu-240 
Pu-240 
Sr-90 

1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1. 000E+OO 
1.000E+OO 
1.000E+OO 
1. 000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 

====== 

9.444E+OO 8.280E+OO 6.366E+OO 2.535E+OO 1.498E+OO 5.233E-01 1. 837E -05 O. OOOE+OO 
2.292E+OO 2. 239E+OO 2.138E+OO 1. 819E+OO 1.658E+OO 1.378E+OO 2.274E-01 2.117E-10 
7.285E-01 7.285E -01 7. 284 E- 01 7.283E-01 7.282E -01 7.280E-01 7.264E-01 7.078E -01 
O.OOOE+OO 5. 868E-10 1.758E-09 5.859E-09 8.201E-09 1.289E-08 5.849E -08 5.766E -07 
O. OOOE+OO 1.333E-13 1.184E -12 1.309E-11 2.564E-11 6.328E - 11 1.305E-09 1.283E-07 
O. OOOE+OO 1. 217E-15 2.970E-14 1. 014E-12 2.686E - 12 9.784E -12 5.690E - 10 9.356E -08 
7.284E-01 7.283E -01 7.282E -01 7. 277E-01 7.273E-01 7.267E -01 7.207E -01 6.551E-01 
O. OOOE+OO 4.900E-09 1.464E-08 4.872E-08 6.819E-08 1.071E-07 4.846E-07 4.615E-06 
O.OOOE+OO 1.112E-18 1.001E-17 1.112E-16 2.179E - 16 5.379E -16 1.109E-14 1. 073E-12 
O.OOOE+OO 2.494E-19 6.335E - 18 1.944E-16 4.838E - 16 1.573E-15 5.388E - 14 6.051E-12 
0. OOOE+OO 1 . 4 79E · 20 9. 996E -19 7. 209E-17 2. 11 BE-16 8 . 173E-16 3. 5 79E-14 4. 241 E - 12 
5.051E+OO 4.932E+OO 4.703E+OO 3.981E+OO 3.619E+OO 2.992E+OO 4.671E -01 2.309E - 10 

BRF(i) is the branch fraction of the parent nuclide. 
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Su11TTiary: 1301 residential File : 1310RES.DAT 

ONuclide Parent 
( j) ( i) 

------
Co-60 Co-60 

ocs-137 Cs-137 
OPu-239 Pu-239 
OU -235 Pu-239 
OPa-231 Pu-239 
OAc-227 Pu-239 
OPu-240 Pu-240 
OU-236 Pu-240 
OTh-232 Pu-240 
ORa-228 Pu-240 
OTh-228 Pu-240 
OSr -90 Sr -90 

Individual Nuclide Soil Concentration 
Parent Nuclide and Branch Fraction Indi cated 

BRF( i ) S( j, t), pCi/g 

1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1. 000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 

t= O.OOOE+OO 1. 000E+OO 3.000E+OO 1. 000E+01 1. 400E+01 2.200E+01 1.000E+02 1.000E+03 

1.000E+OO 8.768E-01 6.740E-01 2.685E-01 1.587E -01 5.541E-02 1.945E -06 O.OOOE+OO 
1.000E+OO 9.772E-01 9 . 330E-01 7.937E-01 7.236E -01 6.015E-01 9.921E-02 9 . 238E - 11 
1.000E+OO 1.000E+OO 9.999E-01 9.997E-01 9.996E-01 9.994E-01 9.971E-01 9.715E - 01 
O.OOOE+OO 9.848E-10 2.954E-09 9 .847E-09 1.378E-08 2.166E-08 9.833E-08 9.692E-07 
O.OOOE+OO 1.042E-14 9.377E-14 1.042E-12 2.042E-12 5.041E-12 1.040E-10 1.023E-08 
O.OOOE+OO 1.097E-16 2.915E - 15 1.023E-13 2.723E -13 9.966E-13 5.834E - 11 9.606E -09 
1. 000E+OO 9.999E -01 9.997E -01 9.989E -01 9 . 985E-01 9 .977E -01 9 .894E-01 8.993E-01 
O.OOOE+OO 2.960E-08 8.879E -08 2.959E -07 4.141E-07 6 .505E -07 2.944E-06 2.804E -05 
O.OOOE+OO 7.302E-19 6 . 571E-18 7. 299E-17 1. 430E-16 3 .531E-16 7. 276E - 15 7.043E - 13 
O.OOOE+OO 2.848E - 20 7.254E-19 2.226E - 17 5. 540E-17 1.802E-16 6.170E-15 6.929E-13 
O.OOOE+OO 2.417E-21 1.634E - 19 1.166E - 17 3.431E-17 1.326E - 16 5.813E-15 6 . 891E-13 
1.000E+OO 9. 765E-01 9 .311E-01 7.881E-01 7.165E -01 5.923E-01 9.247E-02 4.572E - 11 

~~==== 
BRF(i) is the branch fraction of the parent nuclide. 
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Dose Convers ion Factor (and Related) Parameter Su111Tiary 
Fi le: DOS FAC. BIN 

0 Current 
Menu Parameter Va lue 

B-1 Dose conversion factors for inhalation, mrem/pCi: 
B-1 Ac-227+0 6.720E+OO 
B-1 Co-60 2. 190E -04 
B-1 Cs - 137+0 3. 190E -05 
B-1 Pa-231 1.280E+OO 
B-1 Pu-239 4.290E -01 
B-1 Pu-240 4.290E-01 
B-1 Ra-228+0 5.080E-03 
B-1 Sr-90+D 1.310E-03 
B-1 Th-228+0 3.450E-01 
B-1 Th - 232 1. 640E+OO 
B-1 U·235+D 1.230E-01 
B-1 U-236 1. 250E-01 

0-1 Dose conversion factors for ingestion, mrem/pCi: 
D-1 Ac-227+0 1.480E·02 
0-1 Co -60 2.690E-05 
D-1 Cs-137+D 5.000E -05 

~ 
~ 

~ 
n> 

~ 
I 

N 

~ 
n> 
n 
"'1 
n> u ~ - 0 -· 0 u t:TJ = ~ ~ 

., 
~ r'-1 I 

n • '° n> 0\ 

= I 

~ -"'1 -· Parameter 0 
Default Name ,,.....__ 

'"o 
~ 

00 
6.720E+OO OCF2( 1) (1) 

2.190E-04 OCF2( 2) 
3 . 190E -05 DCF2( 3) 

-0 
H) 

1.280E+OO DCF2( 4) -4.290E-01 DCF2( 5) --..J 
'--" 

4.290E -01 OCF2( 6) 
5.080E-03 DCF2( 7) 
1.310E-03 DCF2( 8) 
3.450E-01 DCF2( 9) 
1.640E+DO DCF2(10) 
1.230E-01 DCF2(11) 
1.250E -01 DCF2(12) 

1.480E-02 DCF3( 1) 
2.690E-05 DCF3( 2) 
5.000E-05 DCF3( 3) 



0-1 Pa-231 1.060E-02 1.060E-02 DCF3( 4) 
0-1 Pu- 239 3.540E-03 3.540E-03 OCF3( 5) 
0- 1 Pu-240 3.540E-03 3.540E-03 OCF3( 6) 
0-1 Ra-228+0 1.440E -03 1.440E-03 OCF3( 7) 
0-1 Sr-90+0 1.530E-04 1. 530E-04 OCF3( 8) 
0-1 Th-228+0 8.080E-04 8.080E-04 OCF3( 9) 
0- 1 Th-232 2. 730E -03 2. 730E-03 OCF3(10) 
0-1 U-235+0 2.670E-04 2.670E-04 OCF3(11) 
0-1 U-236 2.690E -04 2.690E-04 OCF3(12) 

D-34 Food transfer factors: i....J:~ 
0-34 Ac-227+0 , plant/soil concentration ratio, dimensionles s 2.500E-03 2.500E-03 RTF( 1, 1 > 

~ 
a,... 

0-34 Ac-227+0 , beef/livestock - intake ratio, (pCi/kg)/(pCi/d) 2.000E-05 2.000E-05 RTF( 1,2) 
,__, 

:,,, .t.,,,J D-34 Ac-227+0 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2.000E-05 2.000E-05 RTF( 1,3) O"' ...s:: -D-34 (I) "-0 
0-34 Co-60 , plant/soil concentration ratio, dimensionless 8.000E-02 8.000E-02 RTF( 2, 1) t:1 ...J:: 
0-34 Co-60 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 2.000E-02 2.000E-02 RTF( 2,2) I 11 

N c:) D-34 Co-60 milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2.000E-03 2.000E-03 RTF( 2,3) 

'° 0-34 :,;; 
D-34 Cs-137+0 plant/soil concentration ratio, dimensionless 4.000E -02 4.000E-02 RTF( 3, 1) (I) -C t") 
D-34 Cs-137+0 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 .000E -02 3. 000E-02 RTF( 3,2) "'I 
0-34 Cs-137+0 , mi lk/livestock-intake ratio, (pCi/L)/(pCi/d) 8.000E-03 8.000E-03 RTF( 3,3) (I) d ~ 
D-34 - 0 
D-34 Pa-231 plant/soil concentration ratio, dimensionless 1.000E-02 1.000E -02 RTF( 4,1) o· d tT1 , = ~ d D-34 Pa-231 , beef/livestock-intake ratio, (pCi / kg)/(pCi/d) 5. 000E -03 5.000E-03 RTF( 4,2) e?.. 

>-1 
I §, - 0-34 Pa-231 milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 5.000E-06 RTF( 4,3) 

rfJ \0 I 
0-34 t") • \0 
0-34 Pu-239 , plant/soil concentration ratio, dimensionless 1. OOOE-03 1.000E-03 RTF( 5, 1) (I) 0\ = I 

0-34 Pu-239 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-04 1.000E-04 RTF( 5,2) :,,, --D-34 Pu-239 , milk/livestock - intake ratio, (pCi/L)/(pCi/d) 1.000E-06 1.000E-06 RTF( 5,3) "'I 

D-34 ;· 
1RESRAD, Version 5.61 TV, Limit = 0.5 year 05/20/96 14:06 Page 3 ,......_ 

"'1j 
Summary: 1301 recreational Fi le: 1301REC.DAT Pl 

00 
Dose Convers ion Factor (and Related) Parame t er Summary (continued) 

(1) 

tv 
Fi le: DOSFAC . BIN 0 

0 Current Parameter H-i 

Menu Parameter Value Default Name --....J .__, 
D-34 Pu-240 plant/soil concentration rat i o, dimensionless 1. OOOE-03 1. 000E-03 RTF( 6, 1) 
D-34 Pu-240 , beef/livestock - intake ratio, CpCi/kg)/(pCi/d) 1.000E-04 1.000E -04 RTF( 6,2) 
0-34 Pu-240 , milk/livestock- intake ratio, (pCi/L)/(pCi/d) 1.000E-06 1.000E-06 RTF( 6,3) 
D-34 
D-34 Ra-228+0, plant/soil concentration ratio, dimensionless 4 . 000E-02 4.000E-02 RTF( 7, 1) 
D-34 Ra-228+0 , beef/livestock-intake ratio , (pCi/kg)/(pCi/d) 1.000E -03 1.000E-03 RTF( 7,2) 
D-34 Ra-228+0 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 1.000E-03 1.000E-03 RTF( 7,3) 
D-34 
D-34 Sr-90+0 , plant/soil concentration ratio, dimensionless 3.000E -01 3.000E-01 RTF( 8, 1) 
D-34 Sr-90+0 , beef/livestock- intake ratio, (pCi/kg)/(pCi/d) 8.000E -03 8.000E-03 RTF( 8,2) 
D-34 Sr-90+0 , milk/livestock- intake ratio, (pCi/L)/(pCi/d) 2.000E-03 2.000E-03 RTF( 8,3) 
D-34 



D-34 Th-228+0 , plant/soil concentration ratio , dimension less 1.000E-03 1.000E-03 RTF( 9' 1) 
D-34 Th-228+0 

' 
beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.00DE-04 1.00DE-04 RTF( 9,2) 

D-34 Th-228+0 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.00DE-06 5.00DE-06 RTF( 9,3) 
D-34 
D-34 Th-232 , plant/soil concentration ratio, dimensionless 1. DDOE-03 1.000E-03 RTF(10, 1) . 
0-34 Th-232 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E -04 1.000E-04 RTF(10,2) 
D-34 Th-232 , milk/livestock - intake ratio, (pCi/L )/(pCi/d) 5.0DDE-06 5.000E-06 RTF(10,3) 
0-34 
0-34 U-235+0 , plant/soil concentration ratio, dimensi onless 2.500E -03 2.500E-03 RTF(11,1) 
D-34 U-235+0 

' 
beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF(11,2) 

D-34 U-235+0 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 6.0DOE-04 6.00DE-04 RTF(11,3) 
D-34 
0-34 U-236 , plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF(12, 1) 
0-34 U-236 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3.400E-04 3.4DOE - 04 RTF(12,2) ..., 
0-34 U-236 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 6 .0DOE-04 6.00DE-04 RTF(12,3) ~ 

CT" 
D-5 Bioaccumu lati on factor s , fresh water, L/kg: -~ 
D-5 Ac-227+0 fish 1.500E+01 1.50DE+01 BIOFAC( 1, 1) t:::, 
D-5 Ac-227+0 crustacea and mollusks 1.000E+03 1.000E+03 BIOFAC( 1, 2) I 

N 
0-5 
D-5 Co-60 fish 3.00DE+02 3.000E+02 BIOFAC( 2, 1) ~ 
0-5 Co-60 crustacea and mollusks 2.00DE+02 2.000E+02 BIOFAC( 2,2) ~ 

D-5 n 
"'1 

D-5 Cs-137+0 fish 2.000E+03 2.000E+03 BIOFAC( 3, 1) ~ d ~ 
D-5 Cs-137+0 crustacea and mollusks 1.000E+02 1.000E+02 BIOFAC( 3,2) ..... 0 .... 
o-5 0 d tn 

d = ~ D-5 Pa-231 fish 1.000E+01 1.000E+01 BIOFAC( 4, 1) ~ 
.., 

I Pl 
N 0-5 Pa-231 crustacea and mollusks 1.100E+02 1.100E+02 BIOFAC( 4,2) - ::t:> 
0 D-5 rn I 

n • \0 
D-5 Pu-239 fish 3.000E+01 3 .00DE+D1 BIOFAC( 5, 1) ~ 0\ 

= I 

0-5 Pu-239 crustacea and mollusks 1.000E+02 1.00DE+02 BIOFAC( 5,2) s:.) 

D-5 "'1 ...... .... 
0-5 Pu-240 fish 3.000E+01 3 .0DOE+01 BIOFAC( 6, 1) 0 

D-5 Pu-240 crustacea and mollusks 1.00DE+02 1.00DE+02 BIOFAC( 6,2) ~ D-5 Pl 
0-5 Ra-228+0 fi sh 5. 0DDE+D1 5.00DE+01 BIOFAC( 7, 1) uo 

~ 
D-5 Ra-228+0 crustacea and mollusks 2.500E+02 2.500E+02 BIOFAC( 7,2) l,J 
0-5 0 
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Sul!TTiary : 1301 recreational File: 1301REC . DAT ...... 
--..J .____, 

Dose Conversion Factor (and Related) Parameter Sul!TTiary (continued) 
Fi le: DOS F AC. 8 IN 

0 Current Parameter 
Menu Parameter Value Oefaul t Name 

D-5 Sr-90+0 fish 6.000E+01 6.00DE+01 BIOFAC( 8, 1) 
0-5 Sr -90+0 crustacea and mollusks 1 . DODE +02 1.000E+02 BIOFAC( 8,2) 
D-5 
D-5 Th-228+0 fish 1.000E+02 1.000E+02 BIOFAC( 9, 1) 
D-5 Th-228+0 crustacea and mollusks 5.000E+02 5.000E+02 BIOFAC( 9,2) 



tJ 
I 

N ...... 

D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 

Th-232 
Th-232 

U·235+D 
U-235+D 

U-236 
U-236 

fish 
crustacea and mollusks 

fish 
crustacea and mollusks 

fish 
crustacea and mollusks 

1.000E+02 1. 000E+02 BIOFAC(10, 1) 
5.000E+02 5.000E+02 BIOFAC(10,2) 

1.000E+01 1.000E+01 BIOFAC(11, 1) 
6.000E+01 6.000E+01 BIOFAC(11,2) 

1.000E+01 1.000E+01 BIOFAC(12, 1) 
6.000E+01 6.000E+01 BIOFAC(12,2) 
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SuITTTiary: 1301 recreational File: 1301REC.DAT 

Site-Specific Parameter SuITTTiary 

Menu 

R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 

R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 

R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 

Parameter 

Area of contaminated zone (m**2) 
Thickness of contaminated zone (m) 
Length parallel to aquifer flow (m) 
Basic radiation dose limit (mrem/yr) 
Time since placement of material (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 

Initial pr incipal radionuclide 
Initial principal radionuclide 
Initial principal radionuclide 
Initial principal radionuclide 
Initial principal radionuclide 
Concentration in groundwater 
Concentration in groundwater 
Concentration in groundwater 
Concentration in groundwater 
Concentration in groundwater 

Cover depth Cm) 

(pCi/g): 
(pCi /g): 
(pCi/g): 
(pCi/g): 
(pCi/g): 
(pCi/L) : 
(pCi/l): 
(pCi/L): 
(pCi/L): 
(pCi/L): 

Density of cover material (g/cm**3) 
Cover depth erosion rate Cm/yr) 
Density of contaminated zone (g/cm**3) 
Contaminated zone erosion rate (m/yr) 
Contaminated zone total porosity 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 
Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

Contaminated zone effective porosity 
Contaminated zone hydraulic conductivity (m/yr) 

User 
Input 

1.000E+04 
5.000E+OO 
not used 
1.500E+01 
O.OOOE+OO 
1.000E+OO 
3.000E+OO 
1.000E+01 
1.400E+01 
2.200E+01 
1.000E+02 
1.000E+03 
not used 
not used 

1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
not used 
not used 
not used 
not used 
not used 

O.OOOE+OO 
not used 
not used 
1.600E+OO 
1.000E-03 
4.000E-01 
2.000E-01 
1.000E+01 

Default 

1.000E+04 
2.000E+OO 
1.000E+02 
3.000E+01 
O.OOOE+OO 
1. 000E+OO 
3 . 000E+OO 
1.000E+01 
3.000E+01 
1.000E+02 
3.000E+02 
1.000E+03 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O. OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
1.500E+OO 
1.000E-03 
1.500E+OO 
1.000E-03 
4 . 000E-01 
2 .000E-01 
1.000E+01 

Used by RESRAD 
(If different from user input) 

Parameter 
Name 

AREA 
THICKO 
LCZPAQ 
BRDL 
TI 
T( 2) 
T( 3) 
T( 4) 

T( 5) 
T( 6) 

T( 7) 
T( 8) 
T( 9) 

T(10) 

S1 ( 2) 
S1( 3) 
S1( 5) 
S1 ( 6) 
S1( 8) 

1./1 C 2 l 
1./1( 3) 
1./1 ( 5) 
1./1( 6) 
1./1 ( 8) 

COVERO 
DENSCV 
vcv 
DENSCZ 
vcz 
TPCZ 
EPCZ 
HCCZ 

i:::, 
I 

N 



tj 
I 

N 
N 

Contaminated zone b parameter 
Humidity in air (g/cm**3) 
Evapotranspiration coefficient 
Precipitation (m/yr) 
Irrigation (m/yr) 
Irrigation mode 
Runoff coefficient 

R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 

Watershed area for nearby stream or pond (m**2) 
Accuracy for water/soil computations 

5.300E+OO 
not used 
9.900E-01 
1. 600E-01 
O.OOOE+OO 
overhead 
2.000E-01 
not used 
not used 

R014 Oensity of saturated zone (g/cm**3) 
R014 Saturated zone total porosity 
R014 Saturated zone effective porosity 
R014 Saturated zone hydraulic conductivity (m/yr) 
R014 Saturated zone hydraulic gradient 
R014 Saturated zone b parameter 
R014 \.later table drop rate (m/yr) 

1RESRAD, Version 5.61 T½ Limit= 0.5 year 
Su11TI1ary: 1301 recreational 

1.500E+OO 
4.000E-01 
2.000E-01 
1.000E+02 
2.000E-02 
5. 300E+OO 
1.000E -03 

05/20/96 14:06 
Fi le: 

5.300E+OO 
8.000E+OO 
5.000E-01 
1.000E+OO 
2.000E-01 
overhead 
2.000E-01 
1.000E+06 
1.000E-03 

1.SOOE+OO 
4.000E-01 
2.000E-01 
1.000E+02 
2.000E-02 
5.300E+OO 
1.000E-03 
Page 6 
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Zero shows Simpson's rule . 

Site-Specific Parameter Su11TI1ary (continued) 
0 

Menu 

R014 
R014 
R014 

R015 
R015 
R015 
R015 
R015 
R015 
R015 

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016 

Parameter 

\./ell pump intake depth (m below water table) 
Model: Nondispersion (ND) or Mass-Balance (MB) 
\./ell pumping rate (m**3/yr) 

Number of unsaturated zone strata 
Unsat. zone 1, thickness (m) 
Unsat. zone 1, soil density (g/cm**3) 
Unsat. zone 1, total porosity 
Unsat. zone 1, effective porosity 
Unsat. zone 1, soil-specific b parameter 
Unsat. zone 1, hydraulic conductivity (m/yr) 

Distribution coefficients for Co-60 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant 

Distribution coefficients for Cs-137 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (!yr) 
Solubility constant 

R016 Distribution coefficients for Pu-239 

User 
Input Default 

1.000E+01 1.000E+01 
ND ND 
2.500E+02 2.500E+02 

not used 1 
not used 4.000E+OO 
not used 1.SOOE+OO 
not used 4.000E-01 
not used 2.000E-01 
not used 5.300E+OO 
not used 1.000E+01 

1.000E+03 
not used 
not used 
O.OOOE+OO 
O.OOOE+OO 

1. 000E+03 
not used 
not used 
O.OOOE+OO 
O.OOOE+OO 

1.000E+03 
1.000E+03 
1.000E+03 
O.OOOE+OO 
0. 000E+OO 

1.000E+03 
1.000E+03 
1.000E+03 
O.OOOE+OO 
O. OOOE+OO 

Used by RESRAD 
(If different from user input) 

1.600E-07 
not used 

1.600E-07 
not used 

BCZ 
HUMID 
EVAPTR 
PRECIP 
RI 
!DITCH 
RUNOFF 
\./AREA 
EPS 

DENSAQ 
TPSZ 
EPSZ 
HCSZ 
HG\./T 
BSZ 
V\./T 

Parameter 
Name 

D\./IB\./T 
MODEL 
U\./ 

NS 
H( 1) 
DENSUZ(1) 
TPUZ(1) 
EPUZ(1) 
BUZ(1) 
HCUZ(1) 

DCNUCC( 2) 
DCNUCU( 2, 1) 
DCNUCS( 2) 
ALEACH( 2) 
SOLUBK( 2) 

DCNUCC( 3) 
DCNUCU( 3,1) 
DCNUCS( 3) 
ALEACH( 3) 
SOLUBKC 3) 

tj 
0 

tj tTJ 

~~ 
I •~ 
I ,_. 

,_. 



R016 Contaminated zone (cm**3/g) 2. 000E+03 2. 000E+03 DCNUCC( 5) 
R016 Unsaturated zone 1 (cm**3/g) not used 2 .000E+03 DCNUCU( 5, 1) 
R016 Saturated zone (cm**3/g) not us ed 2. 000E+03 DCNUCS( 5) 
R016 Leach rate (!yr) O. OOOE+OO D.OOOE+OO 7.999E-08 ALEACH( 5) 
R016 Solubility constant O.OOOE+OO O.OODE+OO not used SOLUBK( 5) 

R016 Distribution coefficients for Pu-240 
R016 Contaminated zone (cm**3/g) 2.000E+03 2.000E+03 DCNUCC( 6) 
R016 Unsaturated zone 1 (cm**3/g) not used 2.000E+03 DCNUCU( 6, 1) 
R016 Saturated zone (cm**3/g) not used 2.000E+03 DCNUCS( 6) 
R016 Leach rate (!yr) O. OOOE+OO O.OOOE+OO 7.999E -08 ALEACH( 6) 
R016 Solubility constant 0 . 000E+OO O.OOOE+OO not us ed SOLUBK( 6) 

·-,.,,_r.;} 

R016 Distribution coefficients for Sr-90 i-3 
-a-., 
......,, 

R016 Contaminated zone (cm**3/g) 3.000E+01 3.000E+01 DCNUCC( 8) 1:1) {..N 
R016 Unsaturated zone 1 (cm**3/g) not used 3.000E+01 DCNUCU( 8, 1) O" -'= -R016 Saturated zone (cm**3/g) not used 3.000E+01 DCNUCS( 8) !'I) 

"° R016 Leach rate (!yr) O. OOOE+OO O.OOOE+OO 5. 31 DE-06 ALEACH( 8) t:, ,...z;::. 
I .. R016 Solubility constant O.OOOE+OO O.OOOE+OO not used SOLUBK( 8) N 't:::l 1RESRAD, Version 5.61 T½Limit 0.5 year 05/20/96 14:06 Page 7 -'-...0 

Summary : 1301 recreational Fi le: 1301REC.DAT ::z:; 
!'I) a--.. n 

Site-Specific Parameter Summary (continued) .., 
!'I) d 0 User Used by RESRAD Parameter 1:1) - 0 Menu Parameter Input Default (If different from user input) Name -· 0 d tTJ 

t:J = ~ R016 Distribution coefficients for daughter Ac-227 1:1) '"1 
I §, N -l,.) R016 Contaminated zone (cm**3/g) 2. 000E+01 2.000E+01 DCNUCC( 1) r:ri I 

R016 Unsaturated zone 1 (cm**3/g) not used 2. 000E+01 DCNUCU( 1, 1) n • \0 
!'I) O"I R016 Saturated zone (cm**3/g) not used 2.000E+01 DCNUCS( 1) = I 

R016 Leach rate (!yr) O.OOOE+OO O.OOOE+OO 7.949E-06 ALEACH( 1) 1:1) ........ .., 
R016 Solubility constant O.OOOE+OO O. OOOE+OO not used SOLUBK( 1) -· 0 

RD16 Di s tribution coefficients for daughter Pa-231 ~ 
R016 Contaminated zone (cm**3/g) 5.00DE+01 5.000E+01 DCNUCC( 4) p) 

00 R016 Unsaturated zone 1 (cm**3/g) not used 5.000E+01 DCNUCU( 4, 1 > (l) 

R016 Saturated zone (cm**3/g) not used 5.000E+01 DCNUCS( 4) O"I 
R016 Leach rate (!yr) O. OOOE+OO O.OOOE+OO 3. 192E-06 ALEACH( 4) 0 
R016 Solubility constant O.OOOE+OO O.OOOE+OO not used SOLUBK( 4) H) 

........ 
-.....J 

R016 Distribution coefficients for daughter Ra-228 '--' 

R016 Contaminated zone (cm**3/g) 7. 000E+01 7.000E+01 DCNUCC( 7) 
R016 Unsaturated zone 1 (cm**3/g) not used 7 . 000E+01 DCNUCU( 7, 1) 
R016 Saturated zone (cm**3/g) not used 7. 000E+01 DCNUCS( 7) 
R016 Leach rate (!yr) O. OOOE+OO O.OOOE+OO 2.281E-06 ALEACH( 7) 
R016 Solubility constant O.OOOE+OO O. OOOE+OO not used SOLUBK( 7) 

R016 Distribution coefficients for daughter Th-228 
R016 Contaminated zone (cm**3/g) 6 . 000E+04 6.000E+04 DCNUCC( 9) 
R016 Unsaturated zone 1 (cm**3/g) not used 6.000E+04 DCNUCU( 9, 1 > 
R016 Saturated zone (cm**3/g) not used 6 . 000E+04 DCNUCS( 9) 



R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016 

Leach rate (/yr) 
Solubility constant 

Distribution coefficients for daughter Th-232 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (!yr) 
Solubility constant 

Distribution coeff icients for daughter U-235 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (!yr) 
Solubility constant 

Distribution coefficients for daughter U-236 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (!yr) 
Solubility constant 

R017 Inhalation rate (m**3/yr) 
R017 Mass loading for inhalation (g/m**3) 

1RESRAD, Version 5.61 T½ Limit= 0.5 year 
Su1T1Tiary: 1301 recreational 

O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 

6.000E+04 
not used 
not used 
O.OOOE+OO 
O.OOOE+OO 

5.000E+01 
not used 
not used 
O.OOOE+OO 
O.OOOE+OO 

5.000E+01 
not used 
not used 
O.OOOE+OO 
O.OOOE+OO 

8.400E+03 
2.000E-04 

05/20/96 14:06 
Fi le: 

6.000E+04 
6.000E+04 
6.000E+04 
O.OOOE+OO 
O.OOOE+OO 

5.000E+01 
5.000E+01 
5.000E+01 
O.OOOE+OO 
O. OOOE+OO 

5 .000E+01 
5.000E+01 
5.000E+01 
0.000E+OO 
0.000E+OO 

8.400E+03 
2.000E-04 

Page 8 
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2.667E-09 
not used 

2.667E-09 
not used 

3.192E-06 
not used 

3.192E-06 
not used 

Site-Specific Parameter Su1T1Tiary (continued) 
0 

Menu 

R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 

Parameter 

Dilution length for airborne dust, inhalation (m) 
Exposure duration 
Shielding factor, inhalation 
Shielding factor, external galllTia 
Fraction of time spent indoors 
Fraction of time spent outdoors (on site) 
Shape factor flag, external ga1T1Tia 
Radii of shape factor array (used if FS = -1): 

Outer annular radius (m), ring 1: 
Outer annular radius Cm), ring 2: 
Outer annular radius (m), ring 3: 
Outer annular radius Cm), ring 4: 
Outer annular radius (m), ring 5: 
Oute r annular radius (m), ring 6: 
Outer annular radius Cm), ring 7: 
Outer annular radius Cm), ring 8: 
Outer annular radius (m), ring 9: 
Outer annular radius (m), ring 10: 

User 
Input 

3.000E+OO 
3.000E+01 
4.000E-01 
7.000E-01 
O.OOOE+OO 
1.920E-02 
1.000E+OO 

not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

Default 

3.000E+OO 
3.000E+01 
4.000E-01 
7.000E-01 
5.000E-01 
2.500E-01 
1. OOOE+OO 

5.000E+01 
7.071E+01 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.O OOE+OO 
O.OOOE+OO 
0.000E+OO 
O.OOOE+OO 
O.OOOE+OO 

Used by RESRAD 
(If different from user input) 

1 shows circular AREA. 

ALEACH( 9) 
SOLUBK( 9) 

DCNUCC(10) 
DCNUCU(10, 1) 
DCNUCS(10) 
ALEACH(10) 
SOLUBK(10) 

DCNUCC(11) 
DCNUCU(11, 1) 
DCNUCS(11) 
ALEACH(11) 
SOLUBK(11) 

OCNUCCC12) 
DCNUCU(12, 1) 
DCNUCS(12) 
ALEACH(12) 
SOLUBK(12) 

INHALR 
MLI NH 

Parameter 
Name 

LM 
ED 
SHF3 
SHF1 
FIND 
FOTD 
FS 

RAD_SHAPE( 1) 
RAD_SHAPE( 2) 
RAD_SHAPE( 3) 
RAD_SHAPE( 4) 
RAD_SHAPE( 5) 
RAD_SHAPE( 6) 
RAD_ SHAPE ( 7) 
RAD SHAPE( 8) 
RAD_SHAPE( 9) 
RAD SHAPE(10) 

d 
0 

[~ 
I •~ 
I --

_J 



R017 Outer annular radius Cm), ring 11: not used O.OOOE+OO RAD SHAPE(11) 
R017 Outer annular radius Cm), ring 12 : not used O.OOOE+OO RAD-SHAPE(12) 

R017 Fract ions of annular areas within AREA: 
R017 Ring 1 not used 1.000E+OO FRACA( 1) 
R017 Ring 2 not used 2.732E-01 FRACA( 2) 
R017 Ring 3 not used O.OOOE+OO FRACA( 3) 
R017 Ring 4 not used O.OOOE+OO FRACAC 4) 
R017 Ring 5 not used O.OOOE+OO FRACA( 5) 
R017 Ring 6 not used O.OOOE+OO FRACA( 6) 
R017 Ring 7 not used O.OOOE+OO FRACA( 7) 
R017 Ring 8 not used O.OOOE+OO FRACA( 8) "-..t.'~ 
R017 Ring 9 not used O.OOOE+OO FRACA( 9) --3 °"" R017 Ring 10 not used O.OOOE+OO FRACA(10) ~ 

..,,.,,,, 
R017 Ring 11 not used O.OOOE+OO FRACA(11) O"' c:..,..i 

;- ~ 
R017 Ring 12 not used O.OOOE+OO FRACA(12) ·"J:) 

tj ....i::: 
Fruits, vegetables and grain consumption DIET(1) 

I 

"' R018 ( kg/yr) not used 1.600E+02 N 
~ R018 Leafy vegetable consumption (kg/yr) not used 1.400E+01 DIET(2) "-D R018 Milk consumption CL/yr) not used 9.200E+01 DIET(3) :;,;; -R018 Meat and poultry consumption (kg/yr) not used 6.300E+01 DIET(4) ~ 
-...:I n 

R018 Fish consumption (kg/yr) not used 5.400E+OO DIETC5) ""I 
~ t:) R018 Other seafood consumption (kg/yr) not used 9.000E-01 DI ET(6) ~ ... 0 R018 Soi 1 ingestion rate (g/yr) 2.520E+01 3.650E+01 SOIL o· t:) tn t:) R018 Drinking water intake CL/yr) not used 5. 1 OOE+02 OWi = >-i ~ I R018 Contamination fraction of drinking water not used 1.000E+OO FDW e:.. ~ N 

V, R018 Contamination fraction of household water not used 1. OOOE+OO FHHW r:ri I 

R018 Contamination fraction of 1 ivestock water not used 1.000E+OO FLIJ n • \0 
~ 0\ 

R018 Contamination fraction of irrigation water not used 1.000E+OO FIRW = I ....... 
R018 Contamination fraction of aquatic food not used 5.000E -01 FR9 ~ ....... 

""I 
R018 Contamination fraction of plant food not used -1 FPLANT -· 0 
R018 Contamination fraction of meat not used -1 FMEAT 
R018 Contamination fraction of milk not used -1 FMILK 

,.-.,. 
'tj 

1RESRAD, Version 5.61 TY, Limit = 0.5 year 05/20/96 14:06 Page 9 $:I) 
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00 

Site-Specific Parameter SuflTTiary (continued) 0 
0 User Used by RESRAD Parameter >-+, 

....... 
Menu Parameter Input Default (If different from user input) Name --..J .___, 

R019 Livestock fodder intake for meat (kg/day) not used 6.800E+01 LFIS 
R019 Livestock fodder intake for milk (kg/day) not used 5.SOOE+01 LFI6 
R019 Livestock water intake for meat CL/day) not used 5.000E+01 LWIS 
R019 Livestock water intake for milk CL/day) not used 1.600E+02 LIJI6 
R019 Livestock soil intake (kg/day) not used 5.000E-01 LSI 
R019 Mass loading for foliar deposition (g/m**3) not used 1.000E -04 MLFD 
R019 Depth of soil mixing layer (m) 1.SOOE-01 1.500E-01 OM 
R019 Depth of roots (m) not used 9.000E-01 DROOT 
R019 Drinking water fraction from ground water 1.000E+OO 1.000E+OO FGWDIJ 
R019 Household water fraction from ground water not used 1.000E+OO FGIJHH 
R019 Livestock water fraction from ground water not used 1.000E+OO FGIJLIJ 



R019 Irrigation fraction from ground water not used 1.000E+OO FGWIR 

C14 C- 12 concentration in water (g/cm**3) not used 2.000E-05 C12\./TR 
C14 C-12 concentration in contaminated soil (g/g) not used 3.000E-02 C12CZ 
C14 Fraction of vegetation carbon from soil not used 2.000E -02 CSOIL 
C14 Fraction of vegetation carbon from air not used 9.800E -01 CA!R 
C14 C-14 evasion layer thickness in soil (m) not used 3.000E-01 DMC 
C14 C-14 evasion flux rate from soil (1/sec) not used 7.000E-07 EVSN 
C14 C-12 evasion flux rate from soil (1/sec) not used 1 .OOOE-10 REVSN 
C14 Fraction of grain in beef cattle feed not used 8.000E -01 AVFG4 
C14 Fraction of grain in milk cow feed not used 2.000E-01 AVFG5 

STOR Storag~ times of contaminated foodstuffs (days): 
..., 
I:>) 

STOR Fruits, non-leafy vegetables, and grain not used 1.400E+01 STOR_T(1) O"' 
STOR Leafy vegetables not used 1.000E+OO STOR T(2) -~ 
STOR Milk not used 1.000E+OO STOR)(3) t:::;1 
STOR Meat and poultry not used 2.000E+01 STOR_T(4) I 

STOR Fish not used 7.000E+OO STOR_T(5) ~ 
STOR Crustacea and mollusks not used 7.000E+OO STOR T(6) ~ 
STOR Well water not used 1.000E+OO STOR-T(7) ~ 

STOR Surface water not used 1.000E+OO STOR-T(8) 
t") .., 

STOR Livestock fodder not used 4.500E+01 STOR-T(9) ~ 
d I:>) ..... 0 

R021 Thickness of building foundation (m) not used 1.500E-01 FLOOR o· 
d tT1 

d R021 Bulk density of building foundation (g/cm**3) used 2.400E+OO = ~ not DENS FL I:>) '"1 
I 

R021 Total porosity of the cover material not used 4.000E-01 TPCV - Pl 
N rJ'1 :=t> 
0\ R021 Total porosity of the building foundation not used 1.000E-01 TPFL I 

t") • \0 
R021 Volumetric water content of the cover material not used 5.000E-02 PH20CV ~ 0\ = I 

R021 Volumetric water content of the foundation not used 3.000E-02 PH20FL I:>) ....... 
R021 Diffusion coefficient for radon gas Cm/sec): .., ....... -· R021 in cover material not used 2.000E-06 D!FCV 0 

R021 in foundation material not used 3.000E-07 DIFFL ,,-.-. 

R021 in contaminated zone soil not used 2.000E-06 DIFCZ ""Ci 
p) 

R021 Radon vertical dimension of m1x1ng (m) not used 2.000E+OO HMIX 00 
{l) 

R021 Average annual wind speed (m/sec) not used 2.000E+OO WIND \0 
R021 Average building air exchange rate (1/hr) not used 5.000E-01 REXG 0 
R021 Height of the building (room) (m) not used 2.500E+OO HRM H-i 

R021 Building interior area factor not used O.OOOE+OO FA! ....... 
R021 Building depth below ground surface (m) not used ·1.000E+OO DMFL -....) 

'---' 
R021 Emanating power of Rn - 222 gas not used 2.500E·01 EMANA(1) 

1RESRAD, Version 5.61 TV, Limit= 0.5 year 05/20/96 14:06 Page 10 
Summary: 1301 recreational Fi le: 1301REC.DAT 

Site-Specific Paramet er Summary (continued) 
0 User Used by RESRAD Parameter 

Menu Parameter Input Default ( If different from user input) Name 

R021 Emanating power of Rn-220 gas not used 1.500E·01 ... EMANA(2) 



d 
I 

N 
--.J 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Su11TTiary of Pathway Selections 

Pathway 

external ga11TTia 
inhalation (w/o radon) 
plant ingestion 
meat ingestion 
milk ingestion 
aquatic foods 
drinking water 
soil ingestion 
radon 

User Selection 

active 
active 

suppressed 
suppressed 
suppressed 
suppressed 
suppressed 

active 
suppressed 

1RESRAD, Version 5.61 T½ Limit= 0. 5 year 05/20/96 14:06 Page 11 

0 

Su11TTiary : 1301 recreational 

Contaminated Zone Dimensions 

Area: 
Thickness: 

Cover Depth: 

10000.00 square meters 
5.00 meters 
0.00 meters 

File: 1301REC.DAT 

Initial Soil Concentrations, pCi/g 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 

Total Dose TDOSE(t), mrem/yr 
Basic Radiation Dose Limit= 15 mrem/yr 

Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t) 

t (years): O.OOOE+OO 1. OOOE+OO 3.000E+OO 1.000E+01 1.400E+01 2. 200E+01 1.000E+02 
TDOSE(t): 3.849E-01 3.474E-01 2.853E-01 1.580E-01 1.215E-01 8.370E-02 3.624E-02 

MC t): 2.566E-02 2.316E-02 1.902E-02 1.053E-02 8. 1 OOE-03 5.SBOE-03 2.416E-03 

1.000E+03 
2.835E -02 
1.890E-03 

OMaximum TDOSE(t): 3.849E-01 mrem/yr at t = O.OOOE+OO years 
1RESRAD, Version 5.61 T½ Limit= 0.5 year 05/20/96 14:06 Page 12 

Su11TTiary: 1301 recreational Fi le: 1301REC.DAT 

0 
0 

Radio-
Ground 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pa th~ays (p) 
As mrem/yr and Fraction of Total Dose At t = O.OOOE+OO years 

~ater Independent Pathways (Inhalation excludes radon) 
Inhalation ladon Plant Meat Milk Soil 

Nuclide mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract . mrem/yr tract. 

Co-60 2.927E-01 0.7604 6.858E-06 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.302E-05 0.0000 
Cs-137 6.128E-02 0.1592 9.990E-07 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.419E-05 0.0001 
Pu-239 5.439E-06 0.0000 1. 343E · 02 0. 0349 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.713E-03 0.0044 
Pu-240 2.791E-06 0.0000 1.343E-02 0.0349 0.000E+OO 0.0000 0.000E+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1. 713E-03 0.0044 
Sr-90 4.723E-04 0.0012 4.102E-05 0.0001 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 7.403E-05 0.0002 

Total 3.545E·01 0.9209 2.692E-02 0.0699 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.537E-03 0.0092 
0 

...... ~ 

~ a-... 
~ 

.,,,.,...., 
O"' u,.J - -i= (e 

'-0 
~ -&: 

I .. N 
c:::) 

:,::1 ·'-,,,D 
(e 

co ~ ., 
(e 
~ d .-+--· 0 0 

d tTJ = ~ -1 ~ - ~ 
[fl ::t> 

I 
~ • '-0 (e 0\ = I 

~ ..... ., ..... -· 0 
,......__ 
"lj 
~ 

(IQ 
(I) 

..... 
0 
0 
>-+, ..... 
--.J ..__., 



t:J 
I 

N 
00 

0 
0 
Radio-

\.later 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides ( i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t O.OOOE+OO years 

\.later Dependent Pathways 
Fish Radon Plant Meat Milk All Pathways* 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract . mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0. 0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

2.927E-01 0.7605 
6.131E-02 0.1593 
1.515E-02 0.0394 
1.515E-02 0.0394 
5.874E-04 0.0015 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.849E-01 1.0000 
O*Sum of all water independent and dependent pathways. 
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0 
0 

Summary : 1301 recreational File: 1301REC.DAT 

Ground 
Radio-

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.000E+OO years 

\.later Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat Milk Soil 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

0 

0 
0 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

Total 

Radio-

2.566E -01 0.7386 6.013E-06 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
5.988E-02 0. 1724 9.762E-07 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
5.439E-06 0.0000 1.343E-02 0.0387 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
2.791E-06 0.0000 1.343E-02 0.0387 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
4.612E-04 0.0013 4.006E-05 0.0001 O.OOOE+OO 0.0000 0.000E+OO 0 . 0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 

3.170E-01 0.9124 2.691E -02 0.0775 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t 1.000E+OO years 

\.later Dependent Pathways 
\.later Fish Radon Plant Meat Milk 

1.141E-05 0.0000 
2.364E-05 0.0001 
1.713E-03 0.0049 
1.713E-03 0.0049 
7.229E-05 0.0002 

3.533E-03 0 . 0102 

All Pathways* 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Co-60 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 2.566E-01 0.7387 
Cs-137 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 5.991E-02 0.1724 
Pu-239 0.000E+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.515E-02 0.0436 
Pu-240 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 1.515E-02 0.0436 
Sr-90 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 5.736E-04 0.0017 

Total O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.474E-01 1.0000 
O*Sum of all water independent and dependent pathways. 
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t:) 
I 

N 
\0 

0 
0 
Radio -

Ground 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 3.000E+OO years 

\.later Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat Milk Soil 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr tract. mrem/yr fract. mrem/yr fract. 

0 

0 
0 

Co -60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

Total 

Radio-

1.973E-01 0.6914 4.623E-06 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 .0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 
5.718E-02 0.2004 9.321E-07 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 
5.438E-06 0.0000 1.343E-02 0.0471 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 
2.790E-06 0.0000 1.343E·02 0.0471 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
4.398E-04 0.0015 3.820E-05 0.0001 O.OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 

2.549E-01 0.8933 2.691E-02 0.0943 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 3.000E+OO years 

\.later Dependent Pathways 
\.later Fish Radon Plant Meat Milk 

8 . 772E -06 0.0000 
2.257E-05 0.0001 
1.713E-03 0.0060 
1.712E-03 0.0060 
6.892E-05 0.0002 

3 . 525E-03 0.0124 

All Pathways* 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract . mrem/yr fract. 

Co-60 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 
Cs-137 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 
Pu-239 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0 . 000E+OO 0.0000 
Pu-240 O.OOOE+OO 0.0000 O.OOOE+OO 0 . 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Sr-90 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 
O*Sum of all water independent and dependent pathways. 
1RESRAD, Version 5.61 T'/, Limit = 0.5 year 05/20/96 14:06 Page 15 
Summary : 1301 recreational Fi le: 1301REC.DAT •· 

0 
0 
Radio-

Ground 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years 

\.later Independent Pathways (Inh alation excludes radon) 
Inhalation Radon Plant Meat Milk 

1.973E-01 0.6914 
5.720E-02 0.2005 
1. 515E-02 0.0531 
1.515E-02 0 .0531 
5.469E-04 0. 0019 

2.853E-01 1.0000 

Soil 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Co-60 7.858E-02 0. 4974 1.841E-06 0.0000 O.OOOE+OO 0 .0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O. OOOE+OO 0 . 0000 3.494E -06 0.0000 
Cs-137 4.864E-02 0.3079 7.929E-07 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 1.920E-05 0.0001 
Pu-239 5.437E-06 0.0000 1. 343E-02 0. 0850 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 1. 712E -03 0.0108 
Pu-240 2.788E-06 0.0000 1.342E-02 0.0849 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0 .0000 1.711E-03 0.0108 
Sr-90 3.723E-04 0.0024 3.233E-05 0.0002 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 5.834E-05 0.0004 

Total 1.276E-01 0.8076 2.689E-02 0.1702 0.000E+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.504E-03 0.0222 
0 

0 

Tot al Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1. 000E+01 years 

\.later Dependent Pathways 
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0 \Jater Fish Radon Plant Meat Milk All Pathways* 
Radio-
Nuclide mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract. 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr -90 

O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0. 0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0. 0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 7.858E -02 0.4974 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.866E -02 0.3080 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.515E-02 0.0959 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.513E-02 0.0958 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 4.629E -04 0.0029 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.580E-01 1.0000 
O*Sum of all water independent and dependent pathways. 
1RESRAD, Version 5:61 T½ Limit= 0.5 year 05/20/96 14:06 Page 16 
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0 
0 
Radio
Nuclide 

Co -60 
Cs-137 
Pu-239 
Pu-240 
Sr : 90 

Total 
0 

0 
0 
Radio-
Nuclide 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.400E+01 years 

\Jater Independent Pathways (Inhalation excludes radon) 
Ground Inhalation Radon Plant Meat Milk 

mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr fract. mrem/yr f ract. 

4.644E-02 0.3822 1.088E-06 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
4.435E-02 0.3650 7.229E-07 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
5.437E-06 0.0000 1 . 343E-02 0. 1105 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 0.000E+OO 0.0000 
2.787E-06 0.0000 1. 341 E-02 0. 1104 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
3.384E-04 0.0028 2.940E -05 0.0002 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

9. 113E-02 0.7500 2.688E-02 0.2212 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (p) 

\Jater 

mrem/yr tract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO O.OOOD 
O.OOOE+OO 0. 0000 

As mrem/yr and Fraction of Total Dose At t 

Fish 

mrem/yr fr act. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

\Jater Dependent Pathways 
Radon 

mrem/yr fr act. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Plant 

mrem/yr fr act. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

= 1.400E+01 years 

Meat 

mrem/yr fr act. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Milk 

mrem/yr tract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0. 0000 
O.OOOE+OO 0.0000 

===== 

Soil 

mrem/yr fract . 

2.065E-06 0.0000 
1. 751E-05 0.0001 
1.712E-03 0.0141 
1.710E-03 0.0141 
5.304E-05 0.0004 

3.495E-03 0.0288 

All Pathways* 

mrem/yr fr act. 

4.644E-02 0.3822 
4.436E-02 0.3651 
1.515E-02 0.1247 
1. 513E-02 0.1245 
4.209E-04 0.0035 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0 , 0000 O. OOOE+OO 0. 0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.215E -01 1.0000 
O*Sum of all water independent and dependent pathways. 
1RESRAD, Version 5.61 T½ Limit= 0.5 year 05/20/96 14:06 Page 17 
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SUITT11ary: 1301 recreational File: 1301REC.DAT 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 2.200E+01 years 

\Jater Independent Pathways (Inhalation excludes radon) 
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0 
Radio
Nuclide 

Co-60 
Cs -137 
Pu-239 
Pu-240 
Sr-90 

Ground 

mrem/yr fract. 

1.622E-02 0.1937 
3.686E-02 0.4404 
5.436E-06 0.0001 
2.785E-06 0.0000 
2.797E-04 0.0033 

Inhalation 

mrem/yr fract. 

3.800E -07 0.0000 
6.009E -07 0.0000 
1.343E-02 0.1604 
1.340E-02 0.1601 
2.430E -05 0.0003 

Radon 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Plant 

mrem/yr fract. 

0.000E+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Meat 

mrem/yr fr act . 

O.OOOE+OO 0.0000 
O.OOOE+OO 0. 0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Milk 

mrem/yr fract. 

O.OOOE+OO 0.0000 
0.000E+OO 0.0000 
0.000E+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

Soil 

mrem/yr fr act. 

7.211E -07 0.0000 
1.455E-05 0.0002 
1. 712E-03 0 . 0205 
1.709E-03 0.0204 
4.384E-05 0.0005 

Total 5.337E-02 0.6376 2.685E -02 0.3208 O.OOOE+OO 0. 0000 O.OOOE+OO 0 .0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.480E-03 0.0416 
0 

0 
0 
Radio-

\.later 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 2.200E+01 years 

\.later Dependent Pathways 
Fish Radon Plant Meat Milk All Pathways* 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr -90 

0.000E+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 
O.OOOE+OO 0 . 0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0. 0000 
0.000E+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

1.622E-02 0. 1938 
3.688E-02 0.4406 
1.514E-02 0.1809 
1.512E-02 0. 1806 
3.479E-04 0.0042 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 8.370E-02 1.0000 
O*Sum of all water independent and dependent pathways . 
1RESRAD, Version 5.61 T½ Limit= 0.5 year 05/20/96 14:06 Page 18 

0 
0 

Sunrnary: 1301 recreational File: 1301REC.DAT 

Ground 
Radio-

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (pl 
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years 

\.later Independent Pathways (Inhalation excludes radon ) 
Inhalation Radon Plant Meat Milk Soil 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract . mrem/yr fract. mrem/yr fract. 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

5.693E-07 0.0000 
6.080E -03 0.1678 
5.425E-06 0.0001 
2.762E-06 0.0001 
4.368E-05 0.0012 

===== 

1. 334E-11 0. 0000 
9.911E-08 0.0000 
1.340E · 02 0.3697 
1.329E·02 0.3668 
3.794E-06 0.0001 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE +OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O. OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+OO 0.0000 
O.OOOE+OO 0.0000 

2.532E-11 0.0000 
2.400E-06 0.0001 
1. 708E-03 0.0471 
1.695E -03 0.0468 
6.846E-06 0.0002 

Total 6.132E·03 0.1692 2.669E -02 0.7366 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.412E-03 0.0942 
0 

0 
0 \.later 
Radio-

Total · Dose Contributions TDOSE(i,p,t) for Indiv idual Radionuclides Ci ) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t 1.000E+02 years 

\.later Dependent Pathways 
Fish Radon Plant Meat Milk All Pathways* 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. 
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l,J 
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Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 0.000E+OO 0.0000 0. 000E+OO 0.0000 
O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0 . 0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 5.693E-07 0.0000 
O.OOOE+OO 0.0000 6.082E-03 0.1678 
O.OOOE+OO 0.0000 1.511E-02 0.4170 
O.OOOE+OO 0.0000 1.499E-02 0.4137 
O.OOOE+OO 0.0000 5.432E-05 0.0015 

Total 0.000E+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 3.624E-02 1.0000 
O*Sum of all water independent and dependent pathways. 
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0 
0 

Summary: 1301 recreational File: 1301REC.DAT 

Ground 
Radio-

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years 

~ater Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat Milk Soil 

Nuclide mrem/yr fr act. mrem/yr fr act. mrem/yr fr act. mrem/yr _fract. mrem/yr fr act. mrem/yr fr act. mrem/yr fract. 

Co-60 
Cs-137 
Pu-239 
Pu-240 
Sr-90 

Total 
0 

0 
0 
Radio-

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
5.662E-12 0.0000 9.229E-17 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 O:OOOE+OO 0.0000 0. 000E+OO 0.0000 
5.298E-06 0.0002 1.305E-02 0.4605 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
2.510E-06 0.0001 1.208E-02 0.4262 0.000E+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
2.160E-14 0.0000 1.876E-15 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 

7.808E-06 0.0003 2 . 513E-02 0.8867 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides Ci) and Pathways (pl 
As mrem/yr and Fraction of Total Dose At t 1. 000E+03 years 

~ater Dependent Pathways 
~ater Fish Radon Plant Meat Milk 

O.OOOE+OO 0.0000 
2.235E-15 0.0000 
1.664E-03 0.0587 
1.540E-03 0.0543 
3.385E-15 0.0000 

3.204E-03 0.1130 

All Pathways* 

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr tract. mrem/yr tract. mrem/yr tract. 

Co-60 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Cs-137 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 0.000E+OO 0.0000 5.664E-12 0.0000 
Pu-239 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.472E-02 0.5193 
Pu-240 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.363E-02 0.4807 
Sr-90 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.686E-14 0.0000 
= 
Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O. OOOE+OO 0.0000 O. OOOE+OO 0. 0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.835E-02 1.0000 

O*Sum of all water independent and dependent pathways. 
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Dose/Source Ratios Summed Over All Pathways 
Parent and Progeny Principal Radionuclide Contributions Indicated 

OParent Product Branch DSR(j,t) (mrem/yr)/(pCi/g) 
Ci) Cil Fraction t= O.OOOE+OO 1.000E+OO 3 . 000E+OO 1.000E+01 1.400E+01 2.200E+01 1.000E+02 1.000E+03 
--- -------
Co-60 Co -60 1.000E+OO 2.927E-01 2.566E-01 1.973E-01 7. 858E-02 4.644E -02 1.622E -02 5.693E-07 O. OOOE+OO 
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t:J 
I 

l,.J 
l,J 

OCs-137 Cs-137 1.000E+OO 6. 131E -02 5.991E-02 5 . 720E-02 4.866E-02 4. 436E-02 3.688E-02 6.082E-03 5.664E-12 
OPu-239 Pu-239 1. 000E+OO 1.515E-02 1.515E-02 1.515E-02 1. 515E -02 1.515E-02 1.514E-02 1. 511E-02 1.472E-02 
Pu-239 U-235 1. 000E+OO O.OOOE+OO 1.755E-11 5 . 264E-11 1.755E-10 2. 456E-10 3.859E-10 1.752E-09 1.727E-08 
Pu-239 Pa-231 1.000E+OO O.OOOE+OO 5.074E-16 4.566E-15 5.073E-14 9 .942E-14 2.455E-13 5.064E-12 4.979E - 10 
Pu-239 Ac-227 1.000E+OO O. OOOE+OO 2. 787E-17 7.409E-16 2. 599E-14 6.921E-14 2.533E -13 1.483E-11 2.441E-09 
Pu-239 EDSR(j) 1.515E·02 1.515E-02 1. 515E·02 1.515E -02 1.515E-02 1.514E-02 1.511E-02 1.472E-02 

OPu-240 Pu-240 1.000E+OO 1.515E-02 1.515E-02 1.515E-02 1.513E -02 1.513E-02 1.512E-02 1.499E -02 1.363E-02 
Pu-240 U-236 1.000E+OO O.OOOE+OO 1.198E-10 3.595E-10 1.198E-09 1.677E-09 2.634E-09 1.192E-08 1.135E-07 
Pu-240 Th-232 1.000E+OO O.OOOE+OO 3.847E-20 3.462E-19 3.846E-18 7.537E-18 1.861E - 17 3.833E -16 3 . 711E - 14 
Pu-240 Ra-228 1. OOOE+OO O.OOOE+OO 3.103E-21 7.905E-20 2. 426E-18 6 . 037E-18 1.963E-17 6.723E-16 7.550E-14 
Pu-240 Th-228 1.000E+OO O.OOOE+OO 4.733E-22 3.200E-20 2. 282E-18 6.718E-18 2.596E-17 1.138E-15 1.349E-13 
Pu-240 EDSR(j) 1.515E·02 1.515E-02 1.515E-02 1. 513E-02 1.513E-02 1.512E-02 1.499E-02 1.363E-02 

OSr-90 Sr-90 1.000E+OO 5.874E-04 5.736E-04 5.469E-04 4.629E-04 4.209E-04 3 .479E -04 5.432E-05 2.686E-14 
== 
Branch Fraction is the cumulative factor for the j'th principal radionuclide daughter: CUMBRF(j) = BRFC1)*BRF(2)* . . . BRF(j). 
The DSR includes contributions from associated (half-life i D.5 yr) daughters. 

D 
Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

Basic Radiation Dose Limit= 15 mrem/yr 
ONucl ide 

( i) t= 0.000E+OO 1.000E+DO 3.00DE+OO 1.DOOE+D1 1.4DOE+D1 2. 200E+01 

Co-60 5.125E+01 5.845E+01 7.603E+01 1. 909E+02 3.230E+02 9.249E+02 
Cs-137 2.447E+02 2.504E+02 2.622E+02 3.083E+02 3.381E+02 4.068E+02 
Pu-239 9.899E+02 9.899E+02 9.900E+02 9.902E+02 9.903E+02 9.905E+02 
Pu-240 9.901E+02 9 .902E+02 9.904E+02 9.911E+02 9.915E+02 9.924E+02 
Sr-90 2.554E+04 2.615E+04 2.743E+04 3.240E+04 3.564E+04 4.312E+04 

*At specific activity limit 
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Summary : 1301 recreational File: 1301REC.DAT 

Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/{pCi/g) 
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

at tmin = time of minimum single radionuclide soil guideline 
and at tmax = time of max imum total dose= O.OOOE+OO years 

ONuclide Initial tmin DSR(i,tmin) G(i,tmin) DSR(i,tmax) 
Ci) pCi/g (years) (pCi/g) 

Co-60 1. OOOE+OO O.OOOE+OO 2.927E-01 5.125E+01 2.927E-01 
Cs-137 1.000E+OO O.OOOE+OO 6.131E-02 2.447E+02 6 . 131 E-02 
Pu-239 1.000E+OO O. OOOE+OO 1.515E -02 9.899E+02 1.515E-02 
Pu -240 1.000E+OO O.OOOE+OO 1.515E-02 9 .901E+02 1.515E -02 
Sr-90 1.000E+OO O.OOOE+OO 5 .874E -04 2.554E+04 5.874E-04 
= 

G(i,tmax) 
(pCi/g) 

5. 125E+01 
2.447E+02 
9.899E+02 
9.901E+02 
2.554E+04 
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Ind ividual Nuclide Dose Summed Ove r All Pathways 
Parent Nuclide and Branch Fraction Indicated 

1. 000E+02 1.DOOE+03 

2.635E+07 *1.131E+15 
2.466E+03 2. 648E+12 
9 .928E+02 1.019E+03 
1.001E+03 1. 101E+03 
2.762E+05 *1 .365E+14 
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ONucl ide Parent BRF( i) DOSE( j, t), mrem/yr 
(j) (i) t= O. OOOE+OO 1.000E+OO 3.000E+OO 1.000E+01 1.400E+01 2.200E+01 1.000E+02 1.000E+03 

- ---------
Co-60 

OCs-137 
OPu-239 
OU-235 
OPa-231 
OAc -227 
OPu-240 
OU -236 
OTh-232 
ORa-228 
OTh-228 
OSr-90 

Co-60 
Cs -137 
Pu-239 
Pu-239 
Pu-239 
Pu-239 
Pu-240 
Pu-240 
Pu-240 
Pu-240 
Pu-240 
Sr-90 

1. 000E+OO 
1.000E+OO 
1. 000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1. 000E+OO 
1.000E+OO 

======== 

2.927E-01 2.566E-01 1.973E -01 7.858E-02 4.644E-02 1.622E-02 5.693E -07 O.OOOE+OO 
6.131E-02 5.991E-02 5.720E-02 4.866E-02 4.436E-02 3.688E-02 6.082E - 03 5.664E-12 
1. 515E-02 1.515E -02 1.515E-02 1. 515E -02 1.515E-02 1.514E -02 1.511E -02 1.472E-02 
O.OOOE+OO 1. 755E-11 5.264E-11 1.755E-10 2.456E-1 0 3.859E-10 1. 752E -09 1. 727E-08 
0.00DE+OO 5.074E - 16 4.566E-15 5 . 073E - 14 9.942E-14 2.455E-13 5.064E-12 4.979E-10 
O.OOOE+OO 2.787E-17 7.409E-16 2.599E-14 6.921E-14 2.533E-13 1.483E-11 2.441E-09 
1.515E -02 1.515E-02 1.515E-02 1.513E -02 1.513E-02 1.512E-02 1.499E-02 1.363E - 02 
O. OOOE+OO 1. 198E-10 3.595E-10 1.198E-09 1.677E-09 2.634E - 09 1. 192E-08 1.135E-07 
O.OOOE+OO 3.847E-20 3.462E-19 3.846E - 18 7.537E-18 1. 861E-17 3.833E-16 3.711E- 14 
O.OOOE+OO 3.103E-21 7.905E-20 2. 426E-18 6.037E-18 1. 963E - 17 6 . 723E-16 7.550E- 14 
O.OOOE+OO 4.733E-22 3 . 20DE -20 2.282E-18 6.718E-18 2.596E - 17 1. 138E - 15 1.349E - 13 
5.874E-04 5.736E-04 5 .469E -04 4.629E-04 4.209E-04 3 .479E-04 5. 432E -05 2.686E-14 

BRF(i) is the branch fraction of the parent nuclide. 
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ONucl i de Parent 
( j) ( i ) 

------
Co-60 Co-60 

ocs-137 Cs-137 
OPu-239 Pu-239 
OU -235 Pu-239 
OPa-231 Pu-239 
OAc-227 Pu-239 
OPu-240 Pu-240 
OU-236 Pu-240 
OTh-232 Pu-240 
ORa - 228 Pu-240 
OTh-228 Pu-240 
OSr-90 Sr -90 

Individual Nuclide Soil Concentrati on 
Parent Nuclide and Branch Fraction Indicated 

BRF(i) S(j,t), pCi/g 

1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1. 000E+OO 
1.000E+OO 
1.000E+OO 
1.000E+OO 
1. 000E+OO 
1.000E+OO 

t= O. OOOE+OO 1.000E+OO 3. 000E+OO 1. 000E+01 1.400E+01 2. 200E+01 1.000E+02 1.000E+03 

1.000E+OO 8. 768E-01 6.740E-01 2.685E -01 1.587E-01 5. 541E-02 1.945E-06 O.OOOE+OO 
1.000E+OO 9.772E-01 9.330E-01 7.937E-01 7.236E -01 6.015E-01 9.921E-02 9.238E-11 
1.000E+OO 1.000E+OO 9.999E -01 9.997E-01 9.996E-01 9.994E -01 9.971E-01 9 . 715E-01 
0.000E+OO 9.848E-10 2.954E -09 9.847E -09 1.378E-08 2.166E-08 9.833E-08 9.692E-07 
O.OOOE+OO 1.042E-14 9.377E - 14 1.042E - 12 2.042E-12 5.041E - 12 1.040E-10 1.023E-08 
O.OOOE+OO 1.097E-16 2.915E - 15 1.023E - 13 2.723E-13 9.966E - 13 5.834E-11 9.606E-09 
1.000E+OO 9.999E-01 9.997E -01 9 .989E-01 9.985E-01 9.977E-01 9.894E-01 8.993E-01 
O.OOOE+OO 2.960E-08 8.879E-08 2.959E-07 4.141E-07 6.SOSE-07 2.944E -06 2.804E-05 
O.OOOE+OO 7.302E-19 6.571E-18 7.299E-17 1.430E -16 3.531E -16 7.276E-15 7.043E - 13 
O.OOOE+OO 2.848E-20 7.254E-19 2.226E-17 5.540E - 17 1.802E-16 6.170E-15 6.929E - 13 
O.OOOE+OO 2.417E-21 1.634E-19 1.166E-17 3 .431E - 17 1.326E-16 5.813E - 15 6.891E - 13 
1.000E+OO 9.765E-01 9 . 311E -01 7.881E -01 7.165E-01 5.923E-01 9.247E-02 4.572E-11 

======== 
BRF(i) is the branch fr act i on of the parent nucl ide. 
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