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INTRODUCTION 

1 .O Purpose 

A Remedial Design Package documenting the proposed design for retrieval, chemical 
stabilization, and offsite disposal of Silo 3 material was submitted to U.S. EPA and OEPA 
May 19, 2000. The RD Package was approved by U.S. EPA on September 27, 2000. This 
revised RD Package has been prepared to  replace the previous RD Package, and document 
a the design for the revised path forward for Silo 3 remediation. The package provides a 
compilation of the necessary substantive information from more detailed engineering, 
design, and operations documentation in order to  provide U.S. EPA, and OEPA with an 
understanding of the controls incorporated into the revised design to ensure compliance 
with ARARs and protection of human health and the environment. The basis, prerequisites, 
and major components of the revised design approach are detailed in the remaining 
sections of this introduction. 

2.0 Background 

The Silo 3 Project is a Comprehensive Environmental Response Compensation and Liability 
Act, as amended (CERCLA) environmental remediation (cleanup) project a t  the former Feed 
Materials Production Center, (FMPC) now known as the Fernald Environmental 
Management Project (FEMP). The objectives of the project are removal of waste material 
stored in Silo 3, packaging of the material, and shipment of the packaged material to an ' 

off-site disposal facility for disposal in accordance with the selected remedy for Silo 3. 

. . 

Silo 3, a component of the FEMP Operable Unit 4 (OU4), contains an estimated 5,088 yd3 
of waste material generated from the operation of the FEMP. The predominant 
radionuclide of concern identified within the material is Th-230, a radionuclide produced 
from ,the natural decay of Uranium-238. The materia/ is classified as 1 1 (e)(2) by-product 
material under the Atomic Energy Act (AEO) of 1954, as amended, and contains 
concentrations of several metals above the Resource Conservation ahd Recovery Act 
(RCRA) Toxicity Characteristics (TC) limits. Since 40 CFR 261.4(a)(4) excludes byproduct 
as defined by the AEA from definition as solid waste, the Silo 3 material is excluded from 
regulation as a hazardous waste under RCRA. For the purposes of this document, 
references t o  RCRA include the relevant State of Ohio hazardous waste regulations. 

2.1 Silo 3 Description 

Silo 3, built in 1952, is a freestanding, pre-stressed concrete, domed silo. It is 80 feet in 
diameter and about 33 feet above ground level. The floor system is constructed of 17 
inches of compacted clay, a 2-inch thick layer of asphaltic concrete, and an 8-inch layer of 
gravel topped by 4 inches of concrete. Silo 3 does not have an underdrain system. The 
domed roof tapers from 8 inches thick at the silo walls t o  4 inches thick at the apex. The 
apex is 36 feet high, 33 feet above grade. The walls are 27 feet high from the top of the 
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foundation. Silo 3 contains increased reinforcing around the dome periphery (ring beam). 4 2 6 7 
Silo 3 has wire-wrapped pre-stressing using 8-gauge wire drawn to  0.141 inches. 
Five manways on the dome of Silo 3 have an internal diameter of approximately 20 
inches. One manway, on which a dust collector was installed, is centered on the silo 
dome. Four of the manways, which were used as material inlet ports, are arranged 
radially, 9 0  apart, across the dome of Silo 3. There are t w o  additional 24-inch internal 
diameter manways are located, one at the northern edge and the other at the eastern edge 
of the silo dome. Also, there are 24  - 2-inch diameter sounding pipes and one - 6-inch 
diameter vent pipe on the dome. Silo 3 has a total of 46 decant ports, each with a weir 
and baffle system. There are 23 decant ports located on the east sidewall and 23 decant 
ports located on the west side wall. 

Silo 3 contains "cold" metal oxide waste generated from the operation of FEMP. The 
raffinates from the solvent extraction process were dewatered using rotary vacuum filters. 
The filtrate wastes were then processed through evaporators and the concentrates were 
further processed using either a spray calciner or rotary calciner. From plant start-up 
through the middle 1 950s, a spray calciner processed the concentrates. Approximately 
35% of the Silo 3 material is believed t o  have come from this process. Due t o  operational 
difficulties with the spray calciners, a rotary calciner process was implemented. In this 
process, the evaporator concentrates were transferred t o  a drum dryer and fin-ally a rotary 
calciner. The calciner removed residual liquids and converted the metal nitrates to metal 
oxides. 

The resultant fine, powdered metal oxides were transferred t o  Silo 3, via a pneumatic 
pipeline, for storage. Placement of these metal oxide wastes into Silo 3 continued until 
1957. After that, refinery process wastes were placed in on-site surface impoundments. 
About 5,088 cubic yards of metal oxide material remains in Silo 3. The predominant 
radionuclide of concern identified within the material is Thorium-230, a radionuclide 
produced from the natural decay of Uranium-238. Silo 3 material is classified as 11 (e)(2) 
byproduct material under the AEA, and contains concentrations of several heavy metals 
including arsenic, chromium, cadmium and selenium. Silo 3 material is exempt from 
regulation under RCRA, due t o  its classification as 1 1 (e)(2) byproduct material. The 
Applicable or Relevant and Appropriate Requirements ( ARARs) for Operable Unit apply 
certain requirements of RCRA t o  management of Silo 3 Material (see the ARAR 
Compliance Matrix, RD Package Section 7.1 ) 

In general, based on historical information about the generation of the material, the 
assumed physical characteristics of the Silo 3 material are: 

0 

0 

0 

0 

0 

Two-thirds of the Silo 3 material is dry, loose, fine powder; located in the upper portion 
of  the silo. 
The remaining third of the Silo 3 material is compacted powder, located towards the 
middle and bottom of the silo. 
Miscellaneous debris (such as simple hand tools, personal protective equipment (PPE), 
plastic bags, etc.) may be found within the silo. 
Estimated volume of  material in Silo 3 is 5,088 yd3 
Estimated dry density of the Silo 3 material is 29 - 58 Ib/ft3 a 
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Retrieved material is expected to have a typical bulk density of about 40 - 50 Ib/ftB; 
however, higher and lower densities may be encountered. 

3.0 Basis for Remedial Design 

The OU4 Record of Decision (ROD) was signed on December 7, 1994, and identified 
vitrification as the selected remedy for the Silo 1 , 2, and 3 material. The OU4 ROD was 
modified for Silo 3 through the CERCLA Explanation of Significant Differences (ESD) 
process. The ESD for Operable unit 4 Silo 3 Remedial Action was approved by U.S. EPA 
March 27, 1998. The remedy identified in the ESD for treatment and disposal of Silo 3 
material is: 

. 

0 "Treatment, using either a Chemical Stabilization/Solidification or a Polymer-based 
Encapsulation process to  stabilize characteristic metals t o  meet RCRA Toxicity 
Characteristic Leaching Procedure (TCLP) limits and attain disposal facility WAC; 
Off-site disposal at  either the Nevada Test Site (NTS) or an appropriately-permitted 
commercial disposal facility; and 
Treatment may take place offsite, so long as "onsite pretreatment, in combination with 
packaging in accordance with United States Department of Transportation (USDOT) 
regulations reduces the dispersability of thorium-bearing particulates to  produce 
transportation risk less than 1 x lO~' ."  

0 

0 

A contract for design, construction, and operation of the Silo 3 remedy defined in the ESD 
was awarded to Rocky Mountain Remediation Services (RMRS) in December 1998. A 
Remedial Design Paqkage, based upon the design developed by RMRS, was submitted to 
U.S. EPA and OEPA May 19, 2000. The RD Package was approved by U.S. EPA on 
September 27, 2000. 

@ 

The contract with RMRS was terminated in January 2001 by mutual agreement of RMRS 
and Fluor Fernald. After termination of the contract with RMRS, the path forward for 
remediation of Silo 3 was reevaluated, with input from U.S. EPA, OEPA, and stakeholders. 

.A Proposed Plan (PP) and subsequent Record of Decision (ROD) Amendment to  modify the 
current Silo 3 remedy is being pursued in accordance with the national Oil and Hazardous 
Substances pollution Contingency plan (NCP) in parallel with design and construction. The 
intent of the ROD Amendment process will be to  modify the remedy to require treatment 
for heavy metals only'if necessary t o  achieve disposal facility WAC. In addition, the 
procurement process to  place a contract with a PCDF for disposal of Silo 3 material is 
being initiated in parallel the design and construction process. 

A key aspect of the design documented in the enclosed revised RD Package is the 
flexibility to ensure its ability to  be implemented independent of the outcomes of the 
remedy modification and procurement processes. 

The current preferred option is t o  dispose of the Silo 3 material, without treatment, at an 
appropriately permitted commercial disposal facility (the design reflected in this revised RD 
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Package assumes Envirocare of Utah) through one of t w o  potential paths. The fitsL 
potential path is to  dispose of the untreated Silo 3 material as 1 1 (e)(2) by product material 
in the 1 1 (e)(2) disposal cell. The chemical and radiological characteristics of untreated Silo 
3 material meet the current WAC for the 11 (e)(2) cell. In addition to  approval of the 
previously mentioned ROD Amendment, this path requires the Nuclear Regulatory 
Commission (NRC) to  1 ) accept that the Silo 3 material is appropriate for disposal in the 
1 1 (e)(2) cell, and 2) approve a modification to  Envirocare's Engineering Plan to  allow bulk 
placement of the soft-sided disposal containers (described in greater detail in the 
Transportation & Disposal Plan). 

If either of the t w o  NRC approvals are not obtained, the untreated Silo 3 material could be 
placed in the low level waste cell at Envirocare. The current low level waste WAC and 
Engineering Plan will allow acceptance of the untreated Silo 3 material. Since the Silo 3 
material is a byproduct of the beneficiation of uranium ore, it is exempt from regulation as 
a hazardous waste by the Bevill Amendment to  RCRA (40 CFR 261.4(b)(7)), and can 
therefore be disposed without treatment contingent upon approval of the ROD 
Amendment. 

Again contingent upon approval of the ROD Amendment, the design reflected in this 
revised RD Package could potentially be implemented with disposal of untreated Silo 3 
material at the Nevada Test Site (NTS) in accordance with a recent revision to the NTS 
WAC. More specifically, contingent upon a site-specific protectiveness demonstration, the 
presence of metals levels above TC limits in 1 1 (e)(2) does not necessarily preclude 
disposal of 1 1 (e)(2) material under the current NTS WAC. 

Finally, if treatment for metals is required prior to  disposal, the design reflected in this 
revised RD Package can still be implemented by utilizing offsite treatment in accordance 
with the current Silo 3 remedy. 

The path forward used as a basis for the design reflected in this revised Silo 3 Remedial 
Design Package is: 

0 

0 

0 

0 

Modification of the current Silo 3 remedy, in accordance with the NCP, to  require 
treatment only if required t o  meet disposal facility WAC ; 
Pneumatic (vacuum) retrieval of Silo 3 material via silo manways on the silo dome; 
Cutting an opening in the silo sidewall for at-grade access by mechanical equipment: 
Vacuum and/or mechanical retrieval of Silo 3 material using remotely controlled 
mechanical excavation equipment; 
Packaging of Silo 3 material for transportation to  an off-site disposal facility; and 
Transportation, by rail, of packaged Silo 3 material t o  a permitted commercial disposal 
facility. 
Any treatment required to  meet the WAC of the PCDF, and the requirements of the 
selected remedy for Silo 3, will be performed at the PCDF and is outside the scope of 
the design documented in this RD Package. 

The design documented in this RD package is summarized in Figure 1. 
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April 30, 2002 * 2.0 MATERIAL TRANSFER SYSTEMS 

Material is retrieved from Silo 3 by t w o  systems: pneumatic (Phase 1) and mechanical 
(Phase 2). The specific retrieval equipment and procedures are described in the A&RS. In 
general, the pneumatic system is operated first, and continues to operate until it is no 
longer effective, but at a minimum, until the silo wall can be safely breached t o  enable 
mechanical retrieval. Pneumatic retrieval will continue until it is no longer practicable due 
to  inaccessibility by the Vacuum Wand Management System (WVMS) and/or lack of 
flowability of the material. 

This section of the Process Description addresses the transfer of Silo 3 material from each 
of the retrieval systems to  the Process Building. 

2.1 

The following Process Flow Diagram (PFD) and Piping and Instrument Diagrams (P&IDs) 
illustrate the Pneumatic Retrieval System: 

94X-3900-F-01429 F0002 Material Retrieval and Feed Systems Rev. C 
94X-3900-N-01434 NO1 01 Pneumatic Retrieval System Rev. C 
94X-3900-N-02369 NO1 11 Access and Retrieval System Rev. C 

The Pneumatic Retrieval System comprises the following equipment: 

FLT-10-5070: Supply HEPA Filter 

FDR-10-5104: Pneumatic Retrieval Collector Discharge Feeder 

ROF-10-5 108: Primary Rotary Feeder 

ROF-10-5110: Secondary Rotary Feeder 

(Note: Italics denote pieces of equipment that are not addressed in this document, since 
they are included in the A&RS.) 

In addition to  its primary function of removing and transferring Silo 3 material (as 
discussed in the A&RS), the Pneumatic Retrieval System is also used as a vacuum utility 
system for: (1) removal of fines from Fines Collection Bins A and B (see Section 4.4.2); 
and (2) removal of fines from overfilled bags in the Container Management System (see 
Section 3.3). 

PNEUMATIC RETRIEVAL SYSTEM (SYSTEM 10) 

ENC- IO-502OA-E: Vacuum Wand Management Systems A through E 

DCL- 10-5002: Pneumatic Retrieval Collector 

FL T- 10-5005: Cartridge Filter 

FL T- 10-5004: HEPA Filter 

BLR- 10-5006: Pneumatic Retrieval Blower 

0 

FDR-10-5 1 02: Feed Conveyor 

BLR-10-5008: Auxiliary Vacuum Blower (see Section 5.6) 
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Descriptions of each piece of equipment are provided in the following sections. 

2.1.1 Supply High Efficiency Particulate Air Filter (FLT-10-5070) 

Ventilation air for Silo 3 enters the silo through the Supply High Efficiency Paiticulate Air 
(HEPA) Filter (FLT-10-5070) located outside the Process Building. This filter is a 
precautionary measure t o  prevent backflow of contaminated dust into the atmosphere, and 
is used primarily during Phase 1. The filter also supplies sweep air to  the Fines Collection 
Bins (see Section 4.4.2). 

2.1.2 Pneumatic Retrieval Collector Discharge Feeder (FDR-10-5104) 

The Pneumatic Retrieval Collector Discharge Feeder is a variable-speed screw conveyor 
that receives Silo 3 material from the collector's wedge-shaped hopper and transports the 
material t o  the Feed Conveyor. The feeder uses a variable-pitch screw to ensure material 
pickup along the entire length of the hopper. 

2.1.3 Primary and Secondary Rotary Feeders (ROF-10-5108 and ROF-10-5110) 

The Primary and Secondary Rotary Feeders serve as the transfer points between the 
Pneumatic Retrieval Collector Discharge Feeder and the Feed Conveyor. They act as 
airlocks between the collector's relatively high vacuum and the Feed Conveyor, which is at 
ambient pressure. 

2.1.4 Feed Conveyor (FDR-10-5102) 

The Feed Conveyor receives Silo 3 material from: the Pneumatic Transfer Systen?'(via the 
Secondary Rotary Feeder); and the Mechanical Transfer System via the Inclined Conveyor 
(see Section 2.2.2). 

The conveyor discharges material t o  both Package Loading Stands (see Section 3.3). 

. 

2.2 

The following PFD and P&ID illustrate the Mechanical Retrieval System: 

94X-3900-F-01429 F0002 Material Retrieval and Feed Systems Rev. C 
94X-3900-N-01433 NO1 00 Mechanical Retrieval System Rev. C 

The Mechanical Retrieval System comprises the following equipment: 

EXC- 1 1-5050: Excavator 

HBN-11-5054: Retrieval Bin 

0 

DFC-11-5056: Inclined Conveyor 

FDR-11-5100: Transfer Conveyor 

(Note: Italics denote pieces of equipment that are not addressed in this document, since 
they are included in the A&RS.) 

MECHANICAL RETRIEVAL SYSTEM (SYSTEM 11 ) 

. 

EAR-1 1-5052: Retrieval Bin Hood 

FDR-11-5106: Retrieval Bin Discharge Feeder 
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Descriptions of each piece of equipment are provided in the following sections. 

2.2.1 Retrieval Bin and Associated Equipment 

Retrieval Bin (HBN-11-5054) 

The Retrieval Bin is a rectangular bin located just to  the east of the Silo 3 opening. The bin 
is below grade and has steep sides that allow it to  be used as both a chute and a hopper. 
The bin is covered by grating, which reduces the amount of debris that may drop into the 
Retrieval Bin Discharge Feeder. 

Retrieval Bin Hood (EAR-1 1-5052) 

The Retrieval Bin Hood collects and exhausts air from the Excavator Ro0.m using a 
sweeping action across the Retrieval Bin; air is exhausted t o  the Process Vent System 
(PVS) (see Section 4.2.3). The hood is normally operated only during mechanical retrieval 
operations (Phase 2). 

Retrieval Bin Discharge Feeder (FDR-11-5 1 06) 

The Retrieval Bin Discharge Feeder (RBDF) is a screw conveyor located beneath the 
Retrieval Bin. It consists of two  1 2-in.-diameter, variable-pitch, variable shah diameter)', 
and variable-speed screws. The feeder delivers Silo 3 material t o  the Inclined Conveyor 
(see Section 2.2.3). 

The RBDF is a variable-speed conveyor. As such, during Phase 2, it controls the flow rate 
of material from retrieval t o  packaging. All downstream conveyors are single-speed, and 
are designed to operate at capacities equal to  or greater than the maximum capacity of the 
RBDF. Accordingly, these conveyors will often be operated in a "less than fully loaded" 
condition due to  downturns of the RBDF. All conveyors and motors are designed t o  
operate under these conditions. 

2.2.2 Inclined Conveyor (DFC-11-5056) 

The Inclined Conveyor is a pocketed, sidewall, belt conveyor that receives Silo 3 material 
from the Retrieval Bin Discharge Feeder. It then transports material upward at a 70-degree 
angle from horizontal. The conveyor discharges by gravity into a horizontal screw 
conveyor (Transfer Conveyor, FDR-11-5100; see Section 2.2.3). The Inclined Conveyor is 
a heavy-duty, carbon-steel unit that is enclosed for dust control. The conveyor uses a 
flexible corrugated sidewall belt. A cleated belt (in conjunction with a mating top belt) is 
used t o  prevent fallback of material during vertical transfer. 

The conveyor is vented to  the PVS (see Section 4.2.4). 

. 

I 

'The variable-pitch and variable shaft diameter features ensure material pickup along the entire 
length of the Retrieval Bin. 0 
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@ 2.2.3 Transfer Conveyor (FDR-11-5100) 
The Transfer Conveyor receives Silo 3 material from the Inclined Conveyor (see 
Section 2.2.2) and transfers it to the Feed Conveyor (FDR-10-5102; see Section 2.1.4). 
Constraints resulting from the east-west locations of key pieces of equipment create the 
need for the Transfer Conveyor. 
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3.0 
(Note: Portions of Section 3.0 are detailed in the specification for Container Management 
and Packaging System [FEMP 2002el.) 

The following PFD and P&IDs illustrate the Container Management and Sampling Systems: 

94X-3900-F-01431 F0003 Process Vent and Packaging Systems Rev. C 
94X-3900-N-01436 NO1 03  Bulk Bag Packaging Line A Rev. C 
94X-3900-N-01437 NO104 Bulk Bag Packaging Line B Rev. C 

The Container Management System allows personnel in the Process Building to  perform 
the following functions: 

1. Collect samples of Silo 3 material discharged from the Feed Conveyor (FDR-10-51 0212; 

2. Prepare bags and frames for filling; 

3. Dispense Silo 3 material into bags; 

4. Perform swipe sampling and labeling of bags; 

5. Convey filled bags into the Cargo Container Bay for loading; and 

6. Load bags into cargo containers. 

The following sections describe the equipment and activities necessary t o  perform these 
functions. 

3.1 CONTAINER MANAGEMENT EQUIPMENT 

The Container Management System comprises the following equipment: 

3.1.1 Container Management and Packaging Systems A&B (SKD-25-5250A&B) 

RCV-25-5282A&B: Airlock Conveyors A&B 

RCV-25-5288A&B: Off-Loading Conveyors A&B 

3.1.2 Other Transport Equipment 

BRC-25-5280: Bridge Crane 

Cargo containers 

Heavy-duty forklift 

Loading crane 

Rail cars and/or trucks 

CONTAINER MANAGEMENT SYSTEM (SYSTEMS 25 AND 84) 

PKU-25-5270A&B: Package Loading Stands A&B. 

RCV-25-5274A&B: Intermediate Packaging Conveyors A&B 

RCV-25-5278A&B: Package Staging Conveyors A&B 

*The sampling function falls under System 84 (Sampling System). 
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3.1.3 Miscellaneous Equipment 

SSS-84-5252A&B: Packaging Samplers A&B 

3.2 . PRELIMINARY ACTIVITIES 

In preparation for bag-filling operations, the following materials are delivered to  the 
Bagging Room from the Cargo Container Bay: 

3-yd3 outer bags; 

3-yd3 inner liners; 

Loading frames; 

0 Pallets; and 

Once adequate materials are on hand, the following steps are taken: 

1. Inspect bags, pallets, and loading frames. Use swipe sampling t o  verify that 
contamination of these items is below acceptable levels . 

2. Place a pallet on the Intermediate Packaging Conveyor, and place a loading frame on 
the pallet. 

3. Place an outer bag with inner liner in the loading frame. 

EAR-25-5290A&B: Packaging Station Exhaust Hoods A&B 

RDR-05-5918 and -5920: Roll-up Doors 007B and 007C, resp. (fabric) 

RDR-05-5912 and -5914: Roll-up Doors 007E and 007F, resp. (steel) 

Miscellaneous supplies for sampling, bag closing, bag labeling, cleaning, etc. 

4. Move the entire assembly onto the Package Loading Stand. Each of the t w o  Package 
Loading Stands is a semiautomated system with loading spouts; loading stands; 
components t o  allow elevating, lowering, and vibrating of bags; weighing scales; and 
motorized roller conveyors for transporting the filled bags away from the station. 

5. Lower the loading spout and attach the inner liner t o  the spout. The loading spout is 
equipped with a sealing mechanism t o  seal the interior of the inner liner t o  the exterior 
of the loading spout; this minimizes the possibility of material release t o  the Packaging 
Area atmosphere. 

6. Inflate the inner liner using the pre-inflator. (To improve the stability of filled bags, a 
pre-inflator blower supplies air to  remove wrinkles and folds from the liner before 
filling.) 

3.3 FILLING OPERATIONS 

Once the steps in Section 3.2 are completed for a given packaging station, the following 
actions are performed: 

1. Open the appropriate discharge valve on the Feed Conveyor. 
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~ @ 2. Allow Silo 3 material to  flow by gravity through the loading spout and into the bag. 
Bags are filled evenly, consolidating materials at the corners to  assure a flat bottom. A 
densification system, consisting of a thumper table, is used to  assist in filling. 

3. Activate the deaerator vent line to  remove air from the bags as they are being filled; 
displaced air is vented to the PVS (see Section 4.2.5). 

4. When the bag is full (FEMP 2 0 0 2 ~ ) ~  close the appropriate discharge valve on the Feed 
Conveyor. 

3.4 SAMPLING OPERATIONS 

Silo 3 material is sampled just above the loading spout. In-line composite sampling of 
selected batches is performed using an automatic thief sampling device (Le., SSS-84- 
5252A&B, Packaging Samplers A&B), which is repeatedly inserted into the line as solids 
are flowing. 

Samples are withdrawn and deposited into sample containers. The sampler is deactivated 
as soon as the bag is full. Samples are analyzed for compliance with the treatment/ 
disposal facility's waste acceptance criteria. FEMP has developed a Sampling and Analysis 
Plan (FEMP 2002d). 

3.5 BAG-CLOSING OPERATIONS 

Af-ter the bag is filled and the inner liner is deaerated, the following actions are performed: 

1. Heat-seal and cut the neck of the inner liner. 

2. Detach the inner liner from the loading spout. 

3. Raise the loading spout. 

4. Transport the bag assembly (i.e., bag, bag frame, and pallet) away from the Package 
Loading Stand and onto the Intermediate Packaging Conveyor. 

5. Position the outer bag flaps and fasten the straps. 

6. Disassemble the loading frame and remove it from the bag. 

3.6 
After the bag is filled and closed, the bag assembly is moved to  the Package Staging 
Conveyor, where swipe sampling is performed on the top and all 'four sides. Any surface 
not passing the swipe test is manually cleaned in place and resampled until it passes the 
test. Bags are then labeled with the following information: 

Date 

Time of day 

0 Unique bag identifier (UNID) 

Weight (net and gross) 

BAG SURVEYING, DECONTAMINATION, AND LABELING OPERATIONS 
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As analytical results become available (see Section 3.4), this information is either added to 
the label, or filed electronically by the bag's UNID. Labeled bags are then transported to 
the Cargo Container Bay via the following steps (for Packaging Line A): 

1. Verify that Roll-up Door 007E (RDR-05-5912) is closed, and open Roll-up Door 0078 

2. Activate Package Staging Conveyor A (RCV-25-5278A) and Airlock Conveyor A 
(RCV-25-5282A) t o  move bag into airlock. Limit switches automatically deactivate the 

'conveyors once the bag is in place. 

3. Close Roll-up Door 007B (RDR-05-5918) and open Roll-up Door 007E (RDR-05-5912). 

4. Activate Airlock Conveyor A (RCV-25-5282A) and Off-Loading Conveyor A (RCV-25- 
5288A) to  move bag into Cargo Container Bay. Limit switches automatically deactivate 
the conveyors once the bag is in place. 

(RDR-05-5918). 

3.7 BAG TRANSPORT OPERATIONS 

From the Container Management and Packaging System, the bags are transferred into 
open-top cargo containers by the Bridge Crane (BRC-25-5280) and lifting frame assembly, 
which picks up the bags by their straps, transports them to  the cargo container, and sets 
them in place. 

The pallets, which will be either plastic or metal construction, are returned to the 
Packaging Area for reuse. This is accomplished either by reversing the appropriate 
conveyors or by a portable cart. 

Once a cargo container is loaded with bags, a heavy-duty forklift is used to  transport it to 
a staging area, where either a crane or forklift places the cargo containers on either a rail 
car or a truck. 

The material is then transported by either rail or truck to  an off-site facility for treatment 
and/or disposal. 

. 
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4.0 

4.1 INTRODUCTION 

The following PFD and P&IDs illustrate the Process Vent System: 

94X-3900-F-0143 1 F0003 Process Vent and Packaging Systems Rev. C 
94X-3900-N-01439 NO106 Process Vent System, Sheet 1 of 2 Rev. C 
94X-3900-N-01440 NO107 Process Vent System, Sheet 1 of 2 Rev. C 

The PVS is a collection and filtration system for process vent streams from the Silo 3 
Project. These streams are associated with the retrieval and containerization of Silo 3 
material and are potentially contaminated with radon and/or dust. The major process 
components being vented are located within the Silo 3 Excavator Room and in the 
Packaging Area. Filters and exhaust fans are located outside the Process Building. The 
streams collected by the PVS pass through filter housings that contain 35  percent and 
90 percent "roughing" filters, HEPA filters, and ultra low penetration air (ULPA) units. 
These streams are routed t o  the Exhaust Stack, where they are isokinetically sampled and 
discharged to  the atmosphere. 

The PVS is designed to: 

Contaminated gases and dust are drawn through the PVS by redundant centrifugal 'fans 
(FAN-I 9-5206A&B). The fans and associated ductwork are designed to  maintain 
appropriate vacuum levels in the silo and processing equipment. Automatic dampers allow 
for changeover of PVS process trains; manual dampers are provided for system isolation 
and balancing. 

The fans are located downstream of the Process HEPA filters t o  maintain an induced draft 
in the. process sources. 

The total design airflow for the PVS is apbroximately 5,500 standard cubic f t  per minute 
(scfm). Gases from the following sources are transferred t o  the PVS: 

0 Silo 3; 

0 Vacuum Wand Management Systems A-E (ENC-10-5020A-E) (Phase 1 only); 

Excavator Room Hood (EAR-1 1-5053); 

Retrieval Bin Hood (EAR-1 1-5052); 

0 Inclined Conveyor (DFC-11-5056); and 

Each of these sources is described in detail in Section 4.2. 

PROCESS VENT SYSTEM (SYSTEM 19) 

Remove radon and particulate-laden air from the various system components; 

Reduce radon and particulate concentrations in processing areas; and 

Detect and measure releases to the atmosphere. 

Packaging Station Exhaust Hoods A&B (EAR-25-5290A&B). 
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4.2 PROCESS VENT SYSTEM SOURCES 

During Phase 1, when the Pneumatic Retrieval System is operational, the PVS does not 
receive exhaust air from the silo. An exception t o  this is when spoolpieces are being added 
to  the VWMS. In addition, exhaust air from the Excavator is "clean" since there has been 
no intrusion into the silo, and no dust is being generated by mechanical activities 
associated with mechanical retrieval. Air from the Excavator Room is exhausted to the 
PVS only t o  maintain desired pressure-containment boundaries between the room and the 
Process Building. 

As a result, PVS solids loading during Phase 1 is much lower (essentially negligible) than 
during Phase 2. 
4.2.1 Silo 3 

During Phase 1 operations, air associated with pneumatic retrieval operations is pulled 
through both the Supply HEPA Filter and the VWMS containment box (see A&RS, 
Section 3.21, where it enters the silo through the manway on which the box is located. 

Ventilation air from Silo 3 is exhausted t o  the PVS during mechanical retrieval (Phase 2); 
VWMS maintenance, manipulation, and extension activities (Phase 1 1; and nonoperational 
periods (Le., evenings, weekends, and other system downtimes). During pneumatic 
retrieval (Phase 11, exhaust air from Silo 3 t o  the PVS is sporadic. 

During Phase 2 operations, ventilation air for Silo 3 enters the silo from the Excavator 
Room (see Section 4.2.31, and is exhausted to  the PVS. 

Manual dampers control the f low of air from Silo 3. 
4.2.2 Vacuum Wand Management Systems A-E (ENC-10-5020 A-E) 

During Phase 1, air is exhausted from one of the five VWMSs to allow extension of the 
wands while maintaining a negative pressure within the containment, and thus minimizing 
the spread of contamination during wand extensions and maintenance activities. 

Exhaust ports are located on the VWMSs, which are connected t o  the Silo 3 exhaust duct. 
Exhaust air is withdrawn from the operating VWMS during Phase 1 off-hours. Manual 
dampers control the f low of air from the operating VWMS. 

4.2.3 Excavator Room Hood (EAR-1 1-5053) 

The Excavator Room Hood is elevated and positioned near the silo wall opening, and is 
connected to  the PVS. It is used t o  limit contamination transfer during silo intrusion by 
capturing both saw cuttings and Silo 3 dust generated during the cutting of the Silo 3 wall 
to prepare for mechanical retrieval operations (see A&RS, Section 5.2). The hood can be 
used to  transfer most of the exhaust air associated with pressure boundary management 
in the Excavator Room during Phase 1. A manual damper controls the f low of air from the 
Excavator Room Hood. 

* 
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4.2.4 Retrieval Bin (HBN-11-5054) and Retrieval Bin Discharge Feeder (FDR-11-5106) 

Air from both the Retrieval Bin and the Retrieval Bin Discharge Feeder is swept across the 
bin opening; this air is captured by the Retrieval Bin Hood (EAR-1 1-50521, which exhausts 
the air to  the PVS. The hood is operated only during mechanical retrieval operations 
(Phase 2). A manual damper controls the flow of air from the Retrieval Bin Hood. 

4.2.5 Inclined Conveyor (DFC-11-5056) 

The Inclined Conveyor is contained within an enclosure that is exhausted to the PVS 
through rigid connections on both the top (head section) and the bottom (tail section) of 
the enclosure. The exhaust port on the upper portion of the Inclined Conveyor is 
operational during both Phase 1 and Phase 2. During Phase 1, air withdrawn from the 
upper exhaust port by the PVS serves to maintain a slight negative pressure on the 
downstream conveyors. During Phase 2, the PVS withdraws air through both the upper 
and lower exhaust ports to both maintain dust suppression and a pressure boundary within 
the Inclined Conveyor enclosure. Manual dampers control the f low of air from the 
conveyor. 

4.2.6 Container Management System 

Sweep air associated with the t w o  Package Loading Stands is captured by Package 
Station A&B Exhaust Hoods (EAR-25-5290A&B). The hoods are located in positions that 
allow the sweep air being pulled across the bulk bags t o  migrate away from Operations 
personnel. Displacement air associated with bulk-bag filling is expelled from the loading 
spouts into the individual exhaust hoods. In addition, air from the bag deaeration systems 
is expelled into the hoods and/or the PVS ducting. The hoods are in operation during both 
pneumatic and mechanical retrieval operations. Manual dampers control the flow of air 
from the hoods. 

4.3 PROCESS VENT SYSTEM EQUIPMENT 

The PVS comprises the following equipment: 

.e 

STK-19-5209: Exhaust Stack 

CEM-19-5208: Continuous Emissions Monitor 

4.4 PROCESS VENT SYSTEM OPERATION 

4.4.1 Process Vent Dust Collectors (DCL-19-5202 A&B) 

Ventilation air from each of the sources listed in Section 4.2 is combined into a common 
duct header, which flows to  Process Vent Dust Collector A. The dust collector acts as a 
primary filter, thus reducing HEPA loading. To prevent shutdown of the PVS, an additional 
dust collector (Process Vent Dust Collector B) is included as a standby. Each of the dust 

0 

DCL-19-5202A&B: Process Vent Dust Collectors A&B 

HBN-19-5205A&B: Fines Collection Bins A&B 

FLT-19- 5204A&B: Process HEPA Filters A&B 

FAN-1 9-5206A&B: Process Exhaust Fans A&B 
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collectors is designed for approximately 6,000 scfm at a pressure rating of approximately 
1 psig vacuum. Both dust collectors are supplied with support legs, access ladders and 
platforms, pneumatic cleaning systems, and clean-air plenums. Fines are discharged from 
the dust collectors through normally-open valves, and collect in the Fines Collection Bins. 

4.4.2 Fines Collection Bins A&B (HBN-19-5205A&B) 

The Fines Collection Bins are located at the bottoms of the Process Vent Dust Collectors. 
They provide accumulation capacity for dust-collector fines and the means t o  transfer fines 
t o  the Pneumatic Retrieval System (see Section 2.1). At  a predetermined level of fines in a 
given bin, the following steps are performed. (Note: These steps are for DCL-19-5202A 
and HBN-19-5205A, but also apply t o  DCL-19-52028 and HBN-19-5205B.): 

1. Close fines discharge valve from DCL-19-5202A. 

2. Start up Auxiliary Vacuum Blower (if Pneumatic Retrieval System is not already 
operating) (see Section 5.6). . 

3. Open line t o  the Supply HEPA Filter. 

4. Empty HBN-19-5205A by opening line t o  the inlet side of the Pneumatic Retrieval 
Collector (DCL- 1 0-5002). 

5. After a predetermined time, close both the line t o  the Supply HEPA Filter and the line 
to  the Pneumatic Retrieval Collector and open the fines discharge valve on DCL-19- 
5202A. 

The Fines Collection Bins and all associated piping and valves are rated for the increased 
vacuum exerted by the Pneumatic Retrieval System. 

4.4.3 Process HEPA Filters (FLT-19-5204A&B) 

Air exiting the dust collectors enters a single duct that is connected t o  redundant Process 
HEPA Filters. These units include: "roughing" filters (35 and 90 percent); HEPA filters; 
ULPA filters; in-place test sections; and transition pieces. Filter housings for the 
HEPA/ULPA filters are stainless steel, side access, "bag-idbag-out" housings3 with in- 
place test sections. Only one filter train is operated at a time, allowing filter changeouts 
for the off-line unit. 

4.4.4 Process Exhaust Fans (FAN-1 9-5206A&B) 

After exiting the Process HEPA Filter, the filtered air stream enters one of t w o  Process 
Exhaust Fans for discharge through the Exhaust Stack. The fans are single-stage 
centrifugal fans. Each of the fans is rated at approximately 6,000 scfm at 30 in. water 
gauge total static head. . 

3The "bag-in/bag-out" feature minimizes the potential of releases during filter changes. 
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4.4.5 Exhaust Stack (STK-19-5209) and lsokinetic Stack Monitor (CEM-19-5208) 

The PVS includes a carbon-steel stack. The maximum airflow through the stack is 
approximately 10,900 scfm, with 5,500 scfm coming from the PVS. The stack has 
connections for the PVS process duct, the Pneumatic Retrieval System duct (see 
Section 2.1 1, and the Exhaust Air System duct (see Section 5.1.3). 

A Continuous Emissions Monitor (CEM) (CEM-19-5208) samples and analyzes the exhaust 
air. A t  an elevation approximately 70 f t  above grade, a sampling rake is inserted into the 
stack'and is attached t o  a sampling line. The sample travels through the line down to the 
CEM, where radon is continuously measured, The air is also filtered, and an alpha-sensitive 
detector near the filter paper gives real-time indications of the concentrations of alpha- 
emitting particulates in the stack air. On a periodic basis, samples of the filter paper are 
taken t o  a fixed-base laboratory for confirmatory analyses of both r&ionuclides and heavy 
metals. 

Exhaust air from the CEM travels back t o  the sampling-rake location and is reinjected into 
the stack. 

In the event that an out-of-parameter condition is detected, an alarm is annunciated and 
appropriate action is taken, such as switching the HEPA filters or shutting down the PVS 
entirely. 

Sampling ports for manual sampling are provided above the sampling rake ports. These 
ports are used periodically to obtain a representative sample of the air stream for 
compliance purposes. 

000027 
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ROQmlArea 
Number 

001 

002 

003 

004 

005 

006 

007 

5.0 SUPPORT SYSTEMS 

5.1 

This section addresses both the Supply Air System (System 70) and the Exhaust Air 
System (System 71 1. It also discusses the heating, ventilation, and air conditioning 
(HVAC) systems for the Silo Enclosure and the Cargo Container Bay (Miscellaneous HVAC 
system, System 77), the trailers, and the CEM Building. 

The current HVAC flow diagrams illustrate Systems 70, 71, and 77. 

5.1.1 Rooms and Areas Serviced by HVAC Systems 

In cascade systems, air is channeled from one room/area t o  another in a set sequence. For 
a radiological facility such as Silo 3 and related buildings, supply air flows from "clean" to  
"dirty" roomdareas. 

Room/area names and numbers, and their relationships t o  the cascade system, are 
provided in Table 5-1. 

Table 5-1: Silo 3 Rooms/Areas, and Related HVAC Information 

HEATING, VENTILATION, AND AIR CONDITIONING 

* 

Part of cascade 
Occupancy status system ( ~ e s i ~ o )  RoomlArea Name 

Entry Corridor Not regularly Yes 

Corridor . Yes Yes 

Airloc k/Dof f Not regularly Yes 

Packaging Area Yes Yes 

Storage Area No No 

Wastewater Tank Area No No 

Airlock Not regularly Yes 

009 

01 0 

01 1 

I 008 I Excavator Service Room I No I Yes 

Excavator Room No Yes 

Silo Enclosure Yes (during Phase 1) No 

Cargo Container Bay Yes No 

The Process Building is heated and cooled via a push-pull cascade ventilation system (see 
Section 5.1.2). Occupied areas are maintained between 68 and 72OF. Unoccupied areas 
are maintained below 103OF; minimum temperatures, if any, vary with the room or area. 
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5.1.1.2 Silo Enclosure 

Silo 3 is completely enclosed by a fabric structure; design details are provided in the 
A&RS, Section 5.1. Air is supplied to  the enclosure through four louver/dampers equipped 
with roughing filters. Because of its classification as a Radiological Buffer Area, exhaust air 
from the Silo Enclosure is not HEPA-filtered, but is directed to the atmosphere by the Silo 
Enclosure Exhaust Fan (FAN-77-5780). There are no provisions for heating the Silo 
Enclosure. 

5.1.. 1.3 Cargo Container Bay 

The Cargo Container Bay is ventilated by a dedicated air-handling unit with roughing filters 
(Air Handling Unit, Cargo Container Bay; AHU-77-5737). Exhaust air is directed t o  the 
atmosphere by three roof-mounted exhaust fans (Cargo Container Bay Exhaust Fans A, B, 
and C; FAN-77-5790 A, B, and C). Spot radiant heaters (Electric Heater Units A, B, and C, 
Cargo Container Bay; HTR-77-5740 A, B, and C) are provided in the Cargo Container 
Bay's work areas for personnel comfort. 

5.1.1.4 Trailers 

The Operations Support Trailer and the Change Room Trailer are heated and cooled by 
independent 'HVAC units, which can be either roof- or pad-mounted. The units are 
designed for 100 percent, filtered outside air delivery to  the conditioned spaces to  
maintain room temperatures between 68 and 80° F. 

5.1.1.5 CEM Building 

Because of the temperature sensitivity of its instrumentation, the CEM Building is heated 
and cooled by an independent HVAC unit. The unit is designed for 100 percent, filtered 
outside air delivery t o  maintain a constant room temperature of 74OF. 

5.1.1.6 

The Wastewater Tank Area (006) and the Storage Area (005) are adjacent and, as shown 
in Table 5-1, neither area is occupied or on the cascade system. Air is supplied t o  both 
areas through t w o  louverldampers equipped with roughing filters. Exhaust air from the t w o  
areas is directed t o  the atmosphere by t w o  exhaust fans (Storage and Wastewater Tank 
Area exhaust Fans A&B; FAN-77-5792A&B). There are no provisions for heating either of 
the t w o  areas. 

5.1.2 Supply Air Syktem (System 70)  

The Supply Air System comprises package Air Conditioning Units 1, 2, and 3 (ACU-70- 
5700, -5710, and -5720). These units draw in ambient air, heat or cool the air (as dictated 
by ambient conditions), and distribute it t o  various "clean," normally occupied roomdareas 
at the head end of the cascade ventilation system. 

In addition t o  the Air Conditioning Units, electric heaters are provided in various rooms and 
areas to  ensure that minimum temperatures are maintained during extremely cold periods. 
These heaters are as follows: 

0 HTR-70-5730 A, B, C, and D: Electric Heaters A, B, C, and D, Packaging Area 004 

Wastewater Tank Area and Storage Area 
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5.1.3 Exhaust Air System (System 71 ) 

Air from "clean" roomdareas is drawn into those roomdareas with a higher potential for 
contamination. Exhaust air is finally directed t o  the HEPA filters and discharged to the 
Exhaust Stack. 

The Exhaust Air System comprises: Building Filtration Exhaust Fans A&B (FAN-71 - 
5760A&B); and Building ULPA/HEPA Exhaust Modules A&B (FLT-7 1-5770 A&B). 

The building ventilation/exhaust system collects air streams from all rooms and areas on 
the cascade system (see Table 5-11, and routes them through a system of galvanized steel 
ductwork t o  HEPA filter banks. Each of the t w o  HEPA filters (FLT-71-5770A&B) includes 
roughing filters, HEPA filters, ULPA filters, in-place test sections, and transition pieces. 
Filter housings for the HEPA filters are stainless steel, side-access, "bag-in/bag-out" 
housings4. 

Each of the t w o  filter trains is sized for 100 percent airflow (i.e., approximately 
4,200 scfm); one train is standby. Air is pulled through the filter train by one of t w o  
100 percent centrifugal fans (FAN-71-5760A&B). Exhaust air is discharged from the fans 
t o  the Exhaust Stack (see Section 4.4.5). 

5.2 

The following PFD and P&IDs illustrate the Plant and Instrument Air System: 

94X-3900-F-01432 F0005 Plant, InstrQment, and Breathing Air Systems Rev. B 
94X-3900-N-01441 NO1 08 Plant Air System Rev. C 
94X-3900-N-01442 NO1 09 Instrument Air System Rev. C 

The Plant and Instrument Air System provides both compressed and instrument-quality air 
for various end users, including VWMS air-jet nozzles, baghouse and cartridge filter pulse 
jets, packaging stations, air-operated valves, and miscellaneous instrumentation. 

5.2.1 Planthstrument Air Compressor Skid (SKD-40-5300) 

The Plant/lnstrument Air Compressor Skid is a fully self-contained, structural steel skid unit. 
All components are purchased piped and wired and ready for installation upon receipt. The 
skid comprises the following equipment: 

ACP-40-5320A&B: Air Compressor A&B 

SKD-40-5302: Refrigeration Dryer Skid 

ART-40-5308: Plant Air Receiver Tank 

HTR-70-5732: Electric Heater Entry Corridor 001 

HTR-70-5734A8tB: Electric Heaters A&B Airlock 007 

HTR-70-5735: Electric Heater Airlock/Doff 003 

PLANT AND INSTRUMENT AIR SYSTEM (SYSTEM 40) 

The 'bag-in/bag-out" feature minimizes the potential of releases during filter changes. 
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Air from the Plant/lnstrument Air Compressor Skid flows to  the Plant Air Receiver Tank. 
This tank feeds air to both the Instrument Air Dryer Skid and the various plant air users. 

5.2.2 Instrument Air Dryer Skid (SKD-40-5304) 

The Instrument Air Dryer Skid is a fully self-contained, structural steel skid unit requiring only 
one electrical power connection and one instrument air piping connection. All components 
are purchased piped and wired and ready for installation upon receipt. The skid comprises the 
following equipment: 

ADR-40-5312A&B: Desiccant Vessels A&B 

Miscellaneous filters, traps, etc. 

Air from the Instrument Air Dryer Skid flows to the Instrument Air Receiver Tank, which in 
turn supplies air to the various instrument air users. 

5.3 

The following PFD and P&IDs illustrate the Breathing Air System: 

94X-3900-F-01432 F0005 Plant, Instrument, and Breathing Air Systems Rev. B 
94X-3900-N-01443 NO1 10 Breathing Air System Rev. C 

Because of the relatively high levels of contamination in some areas of the Silo 3 Project site, 
workers may need supplied air. Configuration of the Breathing Air System is similar to that of 
the Plant and Instrument Air System, with the addition of an activated-carbon filter and a 
carbon monoxide (CO) monitor. Also, the compressors are oilless (i.e., not oil-injected). 

5.3.1 Breathing Air System Equipment 

The Breathing Air System comprises the equipment listed in the following sections: 

5.3.1.1 

The Breathing Air System Compressor Skid is a fully self-contained, structural steel skid unit 
requiring only one electrical power connection and one air piping connection. All components 
are purchased, piped, and wired, ready for installation upon receipt. The skid comprises the 
following equipment: 

0 

Miscellaneous filters and coolers 

5.3.1.2 

The Breathing Air Conditioning Skid is a fully self-contained, structural steel skid unit. All 
components are purchased piped and wired and ready for installation upon receipt. The skid 
comprises the following equipment: 

ART-40-531 0: Instrument Air Receiver Tank 

BREATHING AIR SYSTEM (SYSTEM 41) 

@ 

Breathing Air Compressor Skid (SKD-41-5350) 

ACP-41-536OA&B: Breathing Air Compressors A&B 

ART-41 -5352A88: Breathing Air Receiver Tank A&B 

Breathing Air Conditioning Skid (SKD-41-5356) 

SKD-41-5354: Refrigeration Dryer Skid 
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0 Afterfilter with activated carbon 

0 CO monitor 

5.3.2 Breathing Air System Operation 

Supplied-air respirator (SAR) hoods are available for personnel required to enter supplied-air 
areas for operational or maintenance purposes. Breathing air is supplied t o  the SAR hoods 
by individual breathing air stations (BASs). Depending on their locations, the BASs will be 
located either inside or outside of the supplied-air areas. To minimize worker discomfort 
during breathing air usage, provisions are in place for moisture addition to  the dry air from 
the Breathing Air Conditioning Skid. 

Personnel entering supplied-air areas are fitted with SAR hoods, filtering respirators, and 
other appropriate personal protective equipment; they also carry the necessary length of 
hose. Personnel remain attached to either the filtering respirator or the BAS until they 
leave the supplied-air area and enter a doffing area. 

5.4 

The following PFD and P&ID illustrate both the Process Water System and the Domestic 
Water System: 

94X-3900-F-01430 F0004 Water and Wastewater Systems Rev. C 
94X-3900-N-01438 NO1 05 Wastewater System Rev. C 

Water is supplied to, the Process Building, Excavator Room, and Excavator Service Room 
from an existing domestic-water main; this main divides into two branches. 

One branch passes through a backflow preventer (BFP) and becomes the Process Water 
System (System 50). This system supplies water to Wastewater Tanks A&B (TNK-62- 
5600A&B) for such purposes as flushing and suspension of solids (see Section 5.5). 

The other branch (which does not pass through a BFP), becomes the Domestic Water 
System (System 51). This system supplies water to: showers and eyewash stations in the 
Process Building; and utility hose connections in both the Process Building and the 
Excavator Service Room. 

There is no process equipment associated with either system. 

5.5 WASTEWATER'SYSTEM (SYSTEM 62) 

The following PFD and P&ID illustrate the Wastewater System: 

Miscellaneous filters, coolers, traps, etc. 

. 

PROCESS WATER AND DOMESTIC WATER SYSTEMS (SYSTEMS 50 AND 51) 

94X-3900-F-01430 F0004 Water and Wastewater Systems 
94X-3900-N-01438 NO1 05 Wastewater System 

5.5.1 Wastewater System Equipment 

The Wastewater System comprises the following equipment: 

PMP-62-5642: Excavator Room Sump Pump 

PMP-62-5404: Excavator Service Room Sump Pump 
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PMP-62-5604: Wastewater Tank Area Sump Pump 

I 0 TNK-62-5600A&B: Wastewater Tanks A&B 

I MXA-62-5602A&B: Wastewater Tank Agitators A&B 
I PMP-62-5606A&B: Wastewater Pumps A&B 

5.5.2 Wastewater System Operation 

Both the Excavator Room Sump Pump and the Excavator Service Room Sump Pump are 
located in concrete sumps in their respective rooms. The rooms' floors are sloped t o  drain 
into the sumps. Infrequently, water may enter the sumps as a result of washdown and/or 
excessive misting. A t  such times, the pumps transfer water to either of the Wastewater 
Tanks. 

The Wastewater Tank Area Sump Pump picks up leakage and spillage from the curbed 
area surrounding the Wastewater. Tanks, and transfers it into either of the tanks. For 
roomdareas without sumps (mainly the Packaging Area), floor drains are provided to  
transfer wastewater t o  the Wastewater Tank Area Sump. 

The Wastewater Tanks are configured in parallel; both tanks receive water from the three 
sumps mentioned above, as well as from the Process-Water line (see Section 5.4). 

Wastewater Tank Agitators and Wastewater Pumps are provided for the t w o  tanks. Once 
the level in a given Wastewater Tank reaches a preset high value, input from all sources is 
diverted to  the other tank. The tank's contents are then sampled and analyzed. 
Arrangements are made with Advanced Wastewater Treatment (AWWT) personnel to  
transfer the tank's contents to  the AWWT. This is accomplished by using either of the t w o  
Wastewater Pumps t o  transfer wastewater to  a tanker truck. 

I 

5.6 UTILITY VACUUM  SYSTEM^ 
The following PFD and P&ID illustrate the Utility Vacuum System: 

94X-3900-F-01429 F0002 Material Retrieval and Feed Systems Rev. C 
94X-3900-N-01434 NO1 01 Pneumatic Retrieval System Rev. C 

Periodically, the Utility Vacuum System is needed for: (1) Removal of fines from the Fines 
Collection Bins in the PVS (see Section 4.4.2); and (2) Removal of material from overfilled 
bags in the Packaging Area (see Section 3.3). 

If the Pneumatic Retrieval System is in operation (i.e., during Phase 11, vacuum is supplied 
t o  these users by the Pneumatic Retrieval Blower (BLR-10-5006). If the Pneumatic 
Retrieval System is not in operation (i.e., during Phase 2 and downtimes), both the 
capacity and draft of the Pneumatic Retrieval Blower make it impractical t o  operate for the 
sole use of these low-volume, periodic users. Instead, the Auxiliary Vacuum Blower 
(BLR-10-5008) is brought on line t o  supply the needs of these other systems. In such 

'The Utility Vacuum System is not an "official" system (i.e., not included in Table 1-11, but is an 
adjunct to the Pneumatic Retrieval System. 0 
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cases, the following Pneumatic Retrieval System equipment is also brought on line (see 
Section 2.1 1: 

DCL-10-5002: Pneumatic Retrieval Collector 

0 ROF-10-5108: Primary Rotary Feeder 

ROF-10-5110: Secondary Rotary Feeder 

FDR-10-5104: Pneumatic Retrieval Collector Discharge Feeder 
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@ 1.0 INTRODUCTION 4 2 6 1  
This Access and Retrieval Strategy (A&RS) document describes the strategies, systems, and 
equipment for accessing and retrieving material from Silo 3. The silo is located at the U.S. 
Department of Energy (DOE) Fernald Environmental Management Project (FEMP) site in 
Fernald, Ohio. 
The A&RS is limited to access and retrieval operations only and is not intended to describe the 
subsequent handling, packaging, and transport of the Silo 3 material. These activities are 
covered in the Process Description for the Silo 3 Project (FEMP 2002). 

1.1 

1.1.1 Preliminary Activities 

Access and retrieval of the Silo 3 material will be accomplished by both pneumatic and 
mechanical systems. Before the silo is accessed, radon concentrations in the silo headspace 
will be reduced to acceptable levels (see Section 2.1). In preparation for mechanical retrieval, a 
reinforced concrete framework will be installed on the east silo wall, and a section of the silo 
wall will be removed (see Section 5.2). 
1.1.2 Pneumatic Retrieval System (System 10) 

Pneumatic retrieval involves vacuuming material through the existing top manways on Silo 3. In 
addition to extracting material, the system is used to remove material behind the silo wall prior 
to cutting an opening in the wall in preparation for mechanical excavation. The Pneumatic 
Retrieval System then transfers the material to the Process Building Packaging Area. These 
activities are referred to as “Phase 1” of the retrieval process. 
1.1.3 Mechanical Retrieval System (System 11) 

In addition to pneumatic retrieval, a mechanical excavator is used to access and remove the 
compacted material from Silo 3. The excavator transfers Silo 3 material to a bin located in the 
Excavator Room. A screw conveyor integral to the bin feeds the material to the Process Building 
Packaging Area. These activities are referred to as “Phase 2 of the retrieval process. 
It is expected that the mechanical excavator will also be used to manipulate a vacuum hose end 
effector to retrieve material in a similar fashion to pneumatic retrieval (Section 1.1.2). 
1.2 SILO 3 MATERIAL 

Silo 3 contains metal oxide material generated from the operation of the former Feed Materials 
Production Center (FMPC), now known as the FEMP. 
1.2.1 History of Generation of Silo 3 Material 

Raffinate streams from FMPCs solvent extraction process were dewatered using rotary vacuum 
filters. The filtrate streams were then processed through evaporators, and the evaporator 
concentrates were further processed using either a spray calciner or a rotary calciner. From 
plant startup through the mid-1 950s, a spray calciner processed the concentrates. 
Approximately 35 percent of the Silo 3 material is believed to have come from this process. 
Because of operational difficulties with the spray calciners, a rotary calciner process was 
implemented. In this process, the evaporator concentrates were transferred to a drum dryer 
and, finally, to a rotary calciner. The calciner removed residual liquids and converted the metal 
nitrates to metal oxides. The resulting fine powdered metal oxides were pneumatically 
transferred to Silo 3 for storage. Transfer of all materials into Silo 3 continued until 1957. 

OVERVIEW OF ACCESS AND RETRIEVAL SYSTEMS 

@ 

. 
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1.2.2 Quantity and Characteristics of Silo 3 Material 

Approximately 5,088 yd3 of metal oxide material reside in Silo 3. The predominant radionuclide 
of concern is thorium-230, which is produced from the natural decay of uranium:238. Silo 3 
material is classified as 11 (e)(2) byproduct material under the Atomic Energy Act of 1954, as 
amended, and contains several Resource Conservation and Recovery Act of 1976 (RCRA) 
metals. Silo 3 material is specifically exempt from regulation as a hazardous waste under RCRA 
because of its classification as 1 1 (e)(2) byproduct material. 
Based on historical information (summarized in Section 1.2.1) and recent sampling events, the 
following assumptions are made regarding the physical characteristics of the Silo 3 material: 

The uppermost two-thirds of the material is dry, fine powder, similar to fly ash. 

Using data obtained during the Silo 3 Small Scale Waste Retrieval (FEMP 1998), and the 
Flow Properties Test Report (Jenike & Johanson 2002), the bottom material is assumed to 
be compacted to the extent that it does not flow freely. Small Scale Retrieval removed 
material up to 11 feet high and 4 feet into the silo. 

Miscellaneous debris, such as simple hand tools, personal protective equipment (PPE), and 
plastic bags, are potentially present in the silo (see Section 4.2 for a description of the 
handling of oversized materiaVdebris). 

About ninety percent (by weight) of the Silo 3 material sample passes through a 200-mesh 
sieve. This indicates that the majority of the contents are expected to be siWclay size or smaller. 
Much of the Silo 3 material sample was easily fluidized 'and dispersible and flowable using the 
pneumatic system. Recent particle size analyses (Savannah River Technology Center 2001) 
showed that most of the material consists of particles greater than 1 micron. (However, these 
particles are aggregates of submicron size particles that can be easily dispersed during retheval 
operations. It is expected that the retrieved Silo 3 material will have some variability in particle 
size and composition. It is not, however, expected to be a significantly different material from 
that found in previous testing (Argonne National Laboratory 1997), which identified particle size, 
physical characteristics, and chemical constituents) and which requires containment and 
ventilation be used which is described in the Process Description. 

Bas@ on a recent characterization study (FEMP 2001),'the moisture content of Silo 3 material 
is approximately 3.2 percent by weight. The chemical constituents of the Silo 3 material are 
mostly inorganic metal oxides. Most of the silo 3 radioactivity is from thbrium-230; the balance 
is uranium-238 and other uranium daughters. The radon emanation rate' is approximately l Os 
pCiisecond. Based on previous measurements (FEMP 1993/1994), the silo headspace's radon 
concentration is about 300,000 pCiiL. 

1.3 SILO 3 STRUCTURE 

Silo 3 was built in 1952 and is a freestanding, pre-stressed concrete, domed silo. As shown in 
Figures 1-1 and 1-2, it is 80 ft in diameter and the top is about 36 ft above ground level. The 
floor system is constructed of seventeen inches of compacted clay, a 2-in.-thick layer of 
asphaltic concrete, and an eight-inch layer of gravel topped by 4 in. of concrete. 

@) 'That is, the rate at which radon is transferred from the solid phase to the headspace. 
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Figure 1-2 Elevation View of Silo Opening 

h 
f b  .p 4 2 6 7  

Silo 3 does not have an underdrain system. The domed roof tapers from 8 in. thick at the silo 
walls to 4 in. thick at the apex. The apex is 36 ft high; and the walls are approximately 27 ft 
above the top of the foundation, with the earth on the outside approximately 2 ft above the silo 
floor. Silo 3 contains increased reinforcing around the dome periphery (ring beam). The 
manways on the silo dome have various diameters. Four of the manways, which were used as 
material inlet ports, are arranged radially, ninety degrees apart across the dome, and are 20 in. 
in diameter. There are two additional manways, 24 in. in diameter, one at the northern edge 
and the other at the eastern edge of the silo dome. 
1.4 

Section 3.0 of the Silo 3 Project Technical Safety Requirements (FEMP 2000) (TSR), "Limiting 
'Conditions for Operation," places certain restrictions (i.e., limiting conditions for operations) on 
the loads placed on Silo 3. These restrictions include a significant safety factor; an engineering 
evaluation is under way to consider raising the load limitations. 
Equipment live loads a're to be distributed over the largest area practical. In no case shall 
equipment live loads be distributed over an area smaller than that of a 3-ft diameter circle, 
unless evaluated by a structural engineer, authorized by TSR revision, and approved by DOE. 
Under routine circumstances, personnel accessing the dome are not expected to occupy areas 
less than that described above. 
All concentrated loads and changes to Silo 3 dead loads are to be evaluated for impact to silo 
integrity. Any increase to loads applied to the silo structure requires appropriate structural 
evaluation, authorization by TSR revision, and DOE approval. 

@ 

LOAD LIMITATIONS ON SILO 3 

Finite element analysis of the silo has been performed to support the design requirement to cut 
@ theopening. 
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2 6 7  @ Critical-lift plans are to be developed for all lifting performed over the silo structure, and for lifts 
in which a potential exists to impact the silo structure. The definition of a “critical lift,” as well as 
the basis for critical lift plans, are contained in FEMP guidance (FEMP nd). 

All loads to be placed on the silo dome are to be either measured or estimated (as appropriate), 
and are to be evaluated by engineering before performing activities on the silo dome. 
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2.0 ACCESS AND RETRIEVAL SEQUENCE 
Radon and radionuclide emissions to the environment, as well as the work area, are monitored 
during all access and retrieval operations. Operations are planned and implemented to 
maintain emissions and work area conditions within defined, acceptable ranges. 
2.1 INITIAL SILO ACCESS 

Before initial access to the silo, the radon concentration in the silo headspace will be reduced. 
Air flow will be introduced into the silo through a high efficiency particulate air (HEPA)-filtered air 
inlet line connected to one of the silo dome manways or sounding ports. The exhaust air line will 
be connected to the Process Vent System (PVS). This arrangement will provide a slightly 
negative pressure in the silo, and will route the exhaust air through the PVS dust collector, 
cartridge filter, and HEPNultra low penetrating air (ULPA) filters. The air is then discharged 
through the Exhaust Stack, where radon and particulate emissions are continuously monitored. 
Air flow during this initial activity will be closely monitored and metered to ensure that stack 
emissions, and the resultant fence-line impacts, are acceptable, within established limitations, 
and correspond to steady-state emission estimates. These estimates can be found in Section 
2.2 of the Environmental Control Plan (FEMP 2002). 
Weather conditions will be evaluated before the start of this initial radon release, to ensure that 
atmospheric stability and inversion conditions are consistent with as low as reasonably 
achievable principles. The silo dome connections will be planned (including radiological work 
permits) to protect workers and control radon releases. 
The overall sequence for access and retrieval is as follows: 
2.2 PNEUMATIC RETRIEVAL 

Silo 3 material is initially retrieved pneumatically. To support this activity, the following facilities 
and systems must be in place and operational: 
0 

0 Pneumatic Retrieval System; 

0 PVS;and 
0 Heating, Ventilation, and Air Conditioning System. 

Section 3.0 describes this phase of the access and retrieval. 
2.3 SILO WALL ACCESS 

An opening is cut in the silo wall to enable mechanical retrieval. The opening cut is preceded by 
the construction of a reinforcing frame around the opening (see Section 5.2); this will occur 
before pneumatic retrieval begins. Before cutting operations begin, the Excavator Room and 
Excavator Service Room must be constructed to provide containment. A description of the 
cutting operations can be found in Section 5.2.3. 
2.4 MECHANICAL RETRIEVAL 

Once the wall opening has been fully developed (see Section 5.2), the Excavator is used to 
retrieve material from the silo. The pneumatic system may be used in conjunction with 
excavator during mechanical retrieval. Retrieval operations are considered complete when no 
additional material can be removed using either the Pneumatic or Mechanical Retrieval 
Systems. Section 4.0 provides details on this final phase of the access and retrieval. 

Silo Enclosure (see Section 5.1); 

000047 
2- 1 



Access and Retrieval Strategy for the Silo 3 Project 
Document No. 40430-PL-OOO2, Rev. C 

Jacobs Project Number 351-119605 
April 30,2002 

4 2 6 1  
Mechanical retrieval will be used to break compacted material that could not initially be 
pneumatically retrieved. Pneumatic retrieval can .be used again if material is loosened and 
flowable, in combination with mechanical retrieval. Section 4.0 describes this phase of the 
access and retrieval. 
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3.0 PNEUMATIC RETRIEVAL SYSTEM 
3.1 PNEUMATIC RETRIEVAL SYSTEM EQUIPMENT 

The Pneumatic Retrieval System comprises the following equipment: items in italics are 
addressed primarily in the Process Description: 

0 DCL-10-5002: Pneumatic Retrieval Collector 

. FLT-10-5005: Cartridge Filter 

FLT-10-5004: HEPNULPA Filter 

BLR-10-5006 Pneumatic Retrieval Blower 

3.2 PNEUMATIC RETRIEVAL SYSTEM OPERATION 
As indicated in Section 2.1, initial retrieval efforts are pneumatic. Material is vacuumed out of 
the silo through selected manways on the dome (see Figure 1-1). The first retrieval site is the 
easternmost manway; material is removed from this point until the east wall is clear enough to 
allow for wall-cutting activities (see Section 5.2.3). Pneumatic retrieval will continue from this 
and other selected manways until it is no longer effective or practicable due to either 
inaccessibility by the pneumatic wand or a reduction in flowability of the material. 

The Vacuum Wand Management Systems (WVMSs) (ENC-10-5020 A-E) vacuum material from 
Silo 3; see Figure 3-1. The VWMSs are attached to glovebox type structures by flexible 
sleeves. The glovebox structures are set on top of the existing silo manways using flange 
attachments. Extensions to the vacuum wands are added through the gloveboxes, allowing the 
WMSs to recover material at lower depths within the silo. The glovebox enclosures have a 
HEPA-filtered air supply connection that allows air to enter the appropriate manway. The 
glovebox structures also have exhaust air connections to the PVS to allow air to be pulled from 
the enclosures while spoolpieces are being added to the WVMSs. Spoolpiece additions are 
made while standing on top of the silo. During spoolpiece addition, air flows into the gloveboxes 
at a veloclty greater. than 150 ft per minute across the glovebox opening. The VWMSs are 
supported from hoists located above the wand assemblies; the hoists raise and lower the 
W M S s  through the glovebox assemblies for material retrieval at lower depths within the silo. 
Operations personnel manipulate the wands from platforms associated with the VWMSs. 
Manipulation of the vacuum wands is accomplished by lifting the wand assemblies and aligning 
them with a pair of indentations. The indentations are designed with eccentric offsets so the 
weight of the wand assemblies cause them to assume a non-vertical alignment. A series of 
indentations with different offset angles provides for several non-vertical alignments. 

Material retrieved by the VWMSs is conveyed to the Pneumatic Retrieval Collector (DCL-10- 
5002). The collector separates out the solid fraction and drops it into the Pneumatic Retrieval 
Collector Discharge Feeder (FDR-10-51W). From this point, material is transferred to the 
Packaging Stations (see Process Description, Section 2.1 ). 

ENC-10-5020 A-E: Vacuum Wand Management Systems A-E 

FOR- 10-51 04: Pneumatic Retrieval Collector Discharge Feeder 

ROF- 10-5 108: Primary Rotary Feeder 

ROF- 10-5 1 10: Secondary Rotary Feeder 

FLT- 10-5070: Supply HEPA Filter 
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The air stream from the Pneumatic Retrieval Collector passes through the Cartridge Filter (FLT- 
10-5005), which also separates out a solids fraction and directs it to the Pneumatic Retrieval 
Collector Discharge Feeder. The air then passes through the HEPA Filter (FLT-10-5004) 
and the Pneumatic Retrieval Blower (BLR-10-5006) before being discharged to the atmosphere 
through the Exhaust Stack (STK-19-5209). 

3-2 
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4 2 6 7  e Figure 3-1 Vacuum Wand Management System (Conceptual Design) 
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426'1 ' 4.0 MECHANICAL RETRIEVAL SYSTEM 
4.1 MECHANICAL RETRIEVAL SYSTEM EQUIPMENT 
The Mechanical Retrieval System comprises the following equipment; items in italics are 
addressed primarily in the Process Description: 

0 EXC-11-5050: Excavator 

0 HBN-11-50s: Retrieval Bin 
0 EAR- 1 1-5052: Retrieval Bin Hood 

EAR- 1 1-5053: Excavator Room Hood 
FDR- 1 1-51 06: Retrieval Bin Discharge Feeder 

0 DFC- 1 1-5056: Inclined Conveyor 

0 FDR- 1 1-5 100: Transfer Conveyor 

Most of this equipment is described in Section 2.2 of the Process Description. A description of 
the Excavator, additional information on the Retrieval Bin, and information on both the 
Excavator Room and the Excavator Service Room, is as follows: 
4.1.1 Excavator (EXC-1 1-SOW) 

The Excavator is an electrically powered, remotely controlled [using closed-circuit television 
(CClV)], hydraulically operated crawler machine with the following features and capabilities: 

Rotational, elevation, and telescoping boom; 

0 Maneuverability; * 

0 Load-handling capabilities; 

0 Concrete-cutting capabilities; 
Remote attachment and operation of all end effectors; 

0 Cable- and hose-management systems; and 

0 Lights and CCTV cameras. 

0 Water misting capabilities 
The end effectors include, but are not limited to: rotary saw, bucket, rake, vacuum attachment, 
and grappler. The Excavator travels at a maximum speed of 1.8 ft per second. The boom of the 
Excavator has a reach of about 30 ft. 
The Excavator is deployed from the Excavator Room, which is constructed adjacent to the silo; 
it can maneuver within the silo and remove material near the silo walls. The excavator is set in a 
slow, "precision work mode," and CClV monitors its operation to ensure that it does not 
adversely contact the silo walls, or the walls and ceiling of the Excavator Room. Remotely 
controlled cameras are also mounted on the Excavator itself (see Section 5.4). 

In addition to the actual transfer of material out of the silo, key functions of the Excavator are as 
follows: 

Break up compacted material within Silo 3; 

4-1 
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Retrieve miscellaneous debris, such as simple hand tools, PPE, and plastic bags from the 
silo; and 

Carry and manipulate a hose for pneumatic retrieval, as required, to support.mechanical 
operations. 

4.1.2 Retrieval Bin (HBN-11-5054) 

The Retrieval Bin is a rectangular vessel located just to the east of the Silo 3 opening. The bin is 
below grade, and has steep sides that allow it to be used as both a chute and a hopper. 
Miscellaneous debris is prevented from entering the Retrieval Bin by standard, heavy-duty, 
grating at the bin. The bin is designed to allow the excavator to drive over the opening without 
damage to either the bin or the grate. Debris is removed from the grating by the Excavator (with 
appropriate attachments), and deposited in portable waste bins in the Excavator Room. 
4.1.3 Excavator Room and Excavator Service Room 
Both the Excavator Room and the Excavator Service Room include the following features: 

Provisions for decontamination of the Excavator (i.e., use plant air, vacuum, and/or process 
water); and 

Trenches, sumps, and sump pumps to collect and transfer both misting and wash water, 
and transfer it to the Wastewater Tanks (see Process Description, Section 5.5). 

In addition, the Excavator Room includes provisions for the storage of end effectors, and 
containers for oversized material, tools, and debris recovered from the Retrieval Bin grating. 

4.2 MECHANICAL RETRIEVAL SYSTEM OPERATION 

As stated in Section 1.1.2, a reinforced concrete frame is installed on the east silo wall (see 
Section 5.2 for details). Once the frame has been installed and sufficient material has been 
pneumatically removed from behind the proposed wall opening, the silo wall is cut and an initial 
wall section is removed to allow mechanical retrieval to start (see Section 5.2). The opening 
allows the Excavator to access the Silo 3 contents. The Excavator (EXC-11-5050) transfers 
material to the Retrieval Bin (HBN-11-5054), which is located below grade in the Excavator 
Room. As material is removed from behind the wall, additional wall sections are cut and 
removed. This continues until the entire 15 ft by 20 ft opening has been cut. 

Silo 3 material is pushed, raked, and lifted to the mouth of the Retrieval Bin. The Excavator 
operates both inside and outside of the silo. This system can be tied to the pneumatic system 
with a hose manipulated by the Excavator. 

. 
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Results from cohesive strength tests also show that a 1.3 percent moisture content sample is 
not very pressure sensitive, whereas wetter samples are highly sensitive to overpressure during 
storage at rest. Based on this fact, and coupled with the long period of storage at rest, the 
material in Silo 3 may be extremely cohesive. 

To minimize the likelihood of material collapse, the Silo 3 material will be routinely graded to 
maintain an adequate angle of repose. 
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5.0 SUPPORT SYSTEMS AND FACILITIES 

5.1 SILO ENCLOSURE 

A temporary, fabric-covered structure will be constructed to completely enclose Silo 3 for 
weather protection. The structure has the following features: 

Rigid structural frame consisting of a series of galvanized steel trusses connected and 
laterally braced by galvanized steel purlins. 

Framework clad with a high-strength, polyvinyl chloride-coated, polyester membrane that is 
tensioned over the frame and attached to the structure's foundation. 

Enclosure designed for compliance with building code standards for wind, snow, and 
seismic loads. 

Enclosure compatible with standard door, ventilation, and lighting systems. 

Sufficient height to allow operation of the W M S  at all candidate manways. 

0 

0 

0 

Air is supplied through a system of dampers. Exhaust air is directed to the atmosphere by a silo 
enclosure exhaust fan. Because controls have been provided to prevent the release of materials 
in this area, exhaust air from the Silo Enclosure is not HEPA-filtered. 
5.2 SILO 3 WALL OPENING 

The proposed Silo 3 wall opening is 15 ft wide and 20 ft high. This allows the Excavator ample 
clearance to enter the silo and remove material. 
5.2.1 Frame Construction 

A reinforced concrete frame will be constructed around the proposed opening to the silo. This 
frame will be anchored into the existing concrete core wall to prevent the wall from moving 
independently of the frame when the opening is cut. This frame will be cast-in-place around the 
area to be cut. Dowels will be set with epoxy into the core wall to provide full shear transfer and 
to physically attach the frame to the existing wall. 

In addition, there will be a shotcrete extension with a large radius fillet on each vertical side of 
the frame. The fillet will provide additional bonding of the new concrete frame to the existing 
wall through the shotcrete-to-shotcrete bond; it will also minimize the intensity of the forces 
being transferred. 

5.2.2 Facility Construction 

The following facilities will be constructdinstalled to support the cutting of the silo wall: 

0 Excavator Room and Excavator Service Area, including sumps and all related equipment. 
Temporary liners, berms, and other necessary drainage features are used in the Excavator 
Room to direct saw cooling water to the Excavator Room Sump2; 

Process Vent System (for dust removal during cutting operations); 

Wastewater Tank to receive saw cooling water from sump; and 

Control system for remote operation of Excavator. 

'When cutting operations are complete, these drainage features will be removed and disposed. 
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The opening is created by cutting several sections, each a maximum of 4 ft high and 5 ft long, 
starting at the top of the opening; see Figure 5-1. General procedures and guidelines for the 
actual cutting are as follows: 
1. 

2. 

3. 
4. 

5. 
6. 

7. 

0. 

9. 

Make all horizontal cuts within 1 in. of the inside surface. 
Attach a bracing system with vertical steel stiffbacks bolted by drilled-in epoxy-set anchors 
to each section to be cut out and with steel kick back bracing to the concrete floor of the 
’enclosure. The vertical stiffbacks would be designed to carry vertical loads and radial forces 
on the sections. The stiffbacks would also be designed to have segmental construction that 
would allow sections to be disconnected for removal of a section. 
Make all the vertical cuts. 
Attach horizontal back braces behind the vertical stiffbacks to carry all radial loads on the 
sections. One horizontal back brace would be behind each of the four lowest rows of 
sections. These horizontal braces would be attached to the concrete stiffening columns on 
each side of the opening. 
Remove the kickback braces to allow full access of the excavator to the opening. 
Remove the pins (bolts or other connecting mechanism) from the vertical stiffback section, 
then attach the excavator to the section and remove the section. The vertical stiffback 
section could be designed to allow the excavator to attach to it directly. 
In a similar fashion, remove other sections. 
Remove the horizontal back brace behind a row of the sections. 

Remove material behind the opening to enable removal of next row. 
10. Remove sections as for the previous row. 
11. Repeat the last three steps for the remaining rows. 
5.3 EXCAVATOR ROOM MISTING SYSTEM 
Once the Excavator is in full operation, a water-misting system may be employed for one or 
both of the following functions: 

Dust suppression: During mechanical retrieval, the silo’s contents will be disturbed, and 
dusting3 in the Excavator Room may result (the Excavator will be operated in a manner to 
minimize dusting).. 

0 Stabilization of working face: As piles of Silo 3 material are created and “groomed,” water 
misting may be used as a safe working practice to help establish a stable face. 

Water is supplied to the system from a water tank located on the Excavator. Tests have shown 
that the Silo 3 material has a tremendous capacity to absorb moisture before it becomes 
deliquescent. Because the misting system will be used infrequently and the water introduced is 
a small fraction of the absorbent capacity of the material, it is expected that the moisture 
addition would have no deleterious effect on the material handling process. 

LExcessive dusting” is defined as that degree of atmospheric dusting that interferes with visibility (both visual and 
CCTV) in the Excavator Room. 
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Figure 5-1 Layout of Section Cuts 
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5.4 VIDEO EQUIPMENT AND LIGHTING 4267  
CCTV cameras are provided at the following locations: 

0 Silo 3 (selected ports) 

0 Excavator Room 

0 Excavator 
In addition to general lighting throughout the facility, special lighting (as appropriate) is supplied 
with or near the CCTV cameras. All cameras have instrument-air sweeps over the lenses to 
prevent loss of visibility from fogging and dusting. Lighting will be provided inside the silo. 
Should the CCTV system not prove suitable, a concept similar to a gas processing system may 
be needed. 

000058 

5-4 





Access and Retrieval Strategy for the Silo 3 Project 
Document No. 40430-PL-ooO2, Rev. C 

Jacobs Project Number 35H19605 
April 30,2002 

’ @ 6.0 REFERENCES 4 2 6 7  
1. FEMP, Process Description for the Silo 3 Project, Document No. 40430-RP-0003, Revision 

B, March 15,2002. 

2. Savannah River Technology Center, Silo 3 Waste Treatment Phase l, Physical Testing, 
Final Report, January 2001. 

3. Argonne National Laboratory, Silo 3 Material Compound Analysis, October 1997. 

5. FEMP, Silo 3 Chemical Stabilization Development Work Plan, pp. 15 and 55 40430-WP- 
0002, Revision 0, September 21,2001. 

6. FEMP, Silo 3 Small Scale Waste Retrieval Close Out Report, 4041 0-RP-0003, Rev. 0, 1998. 

7. Jenike & Johanson, Flow Properties Test Report for Silo 3 Material, 4435-1, January 2002. 

8. FEMP, Silo 3 Project Technical Safety Requirements, Document No. 40000-H&S-001, Rev. 
1, April 10,2000. 

9. FEMP, Femald Silo 3 Environmental Control Plan, Document No. 40430-PL-0005, Revision 
0, April 2002. 

’ 4. FEMP, Site Hoist and Rigging Manual, RM-0045, nd. 

000059 
6-1 









P 

4 2 6 1  
Process Control Summary for the Silo 3 Project 

Document No. 40430-PL-0004, Rev. C 
Jacobs Project Number 35H19605 

April 30, 2002 

PROCESS CONTROL SUMMARY 
FOR THE SILO 3 PROJECT 

Document No. 40430-PL-0004 
April 30, 2002 

Revision C 

Revision 

Prepared By 

Checked By 

Rwlewed By 

~~ 

Approved By 

Fernald Project Number 40430 

OOOC60 





Process Control Summary for the Silo 3 Project 
Document No. 40430-PL-0004, Rev. C 

Jacobs Project Number 35H19605 
April 30, 2002 

e A267 

Revision 

A 

B 

C 

Date 

03/15/02 

04/11 /02 

04/30/02 

Revision Sheet 

Pages 
Affected 

All 

All 

12,18 

Reason for Revision 

Issued for Review 

Issued for Review 

Issued for EPA Review 

000061 
ii 





Process Control Summary for the Silo 3 Project 
Document No . 40430.PL.0004. Rev . C 

Jacobs Project Number 35H19605 
April 30. 2002 ' a 4 2 6 7  e TABLE OF CONTENTS 

ACRONYMS AND ABBREVIATIONS ......................................................................... V 

1.0 INTRODUCTION ........................................................................................... 1 

2.0 CONTROL SYSTEM OVERVIEW ...................................................................... 2 

3.0 CONTROL PHILOSOPHY ................................................................................ 4 

3.1 

3.2 

3.3 

3.4 

3.5 
3.6 
3.7 

3.8 
3.9 

PNEUMATIC RETRIEVAL SYSTEM (SYSTEM 10) .................................... 4 
3.1 . 1 Equipment Description .................................................... 4 
3.1.2 Control Philosophy ......................................................... 5 
3.1.3 Key Parameters. Setpoints. and Responses ....................... 7 

MECHANICAL RETRIEVAL SYSTEM (SYSTEM 11) .................................. 8 
3.2.1 Equipment Description .................................................... 8 
3.2.2 Control Philosophy ......................................................... 8 

PROCESS VENT SYSTEM (SYSTEM 19) ................................................ 9 
3.3.1 Equipment Description .................................................... 9 
3.3.2 Control Philosophy ....................................................... 11 

CONTAINER MANAGEMENT SYSTEM (SYSTEM 25) ............................. 13 
3.4.1 Equipment Description .................................................. 1 3  
3.4.2 Control Philosophy ....................................................... 1 4  
3.4.3 Key Parameters. Setpoints. and Responses ..................... 15 

PLANT AND INSTRUMENT AIR SYSTEM (SYSTEM 40) ......................... 15 
BREATHING AIR SYSTEM (SYSTEM 41) .............................................. 16 
WASTEWATER SYSTEM (SYSTEM 62) ............................................... 16 

3.7.1 Equipment Description .................................................. 16  
3.7.2 Control Philosophy ....................................................... 1 6  
3.7.3 Key Parameters. Setpoints. and Responses ..................... 17 

BUILDING HVAC SYSTEMS (SYSTEMS 70 AND 71) ............................... 17 
CONTROL SYSTEM (SYSTEM 90) ...................................................... 18 

3.9.1 Equipment Description ..................................................... 1 8  
3.9.2 Control System Function ................................................. 18 

. 3.3.3 Key Parameters. Setpoints. and Responses ..................... 12 

000062 
iii 





Process Control Summary for the Silo 3 Project 
Document No. 40430-PL-0004, Rev. C 

Jacobs Project Number 35H 19605 
April 30, 2002 

RELATED DRAWINGS: 

Piping & Instrument Diagram (P&ID): 94X-3900-N-01381 Sht. NO001 , Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01382 Sht. N0002, Rev. C. 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01383 Sht. N0003, Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01433 Sht. NO100, Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01434 Sht. NO101 , Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01435 Sht. NO1 02, Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01436 Sht. NO1 03, Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01437 Sht. NO1 04, Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01438 Sht. N0105, Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01439 Sht. NO1 06, Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01440 Sht. N0107, Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01441 Sht. NO1 08, Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01442 Sht. NO1 09, Rev. C 
Piping & Instrument Diagram (P&ID): 94X-3900-N-01443 Sht. NO1 10, Rev. C 

4 2 6 7  

RELATED DOCUMENTS: 

1. FEMP, Design Basis and Requirements Document for the Silo 3 Project, Document 
No. 40430- DC-0001, Revision 0, February 2002. 

2. FEMP, Process Description for the Silo 3 Project, Document No. 40430-RP-0003, Revision 
D, April 2002. 

3. FEMP, Access and Retrieval Strategy for the Silo 3 Project, Document No. 40430-PL-0002, 
Revision C, April 2002. 

. 

. .  

000063 

iv 





Process Control Summary for the Silo 3 Project 
Document No. 40430-PL-0004, Rev. C 

Jacobs Project Number 35H19605 
April 30, 2002 

e 4 2 6 7  - -  
ACRONYMS AND ABBREVIATIONS 

AWWT Advanced Wastewater Treatment 
CCTV closed circuit television 
FEMP Fernald Environmental Management Project 
HEPA high-efficiency particulate air 
HMI human-machine interface 
HVAC 
INWC 
I/O in put/output 
PC personal computer 
PLC programmable logic controller 
PID proportional-integral-derivative control 

heating, ventilation, and air conditioning 
inches water column equivalent pressure 
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4 2 6 1  1 .O INTRODUCTION 

This Process Control Summary relates to  the Silo 3 Project at the U.S. Department of 
Energy Fernald Environmental Management Project (FEMP) site. Byproduct materials stored 
in Silo 3 at FEMP are to be removed, packaged, and shipped off site for treatment and/or 
disposal. 

Removal of the material from the silo will be conducted in two phases. During Phase 1, a 
vacuum wand will be utilized to reach down into the silo through existing dome ports and 
vacuum the material out from above. Pneumatic transport will convey the vacuumed 
material to a baghouse separator, and the material will then be dispensed by mechanical 
feeders into bulk bag packages for transport. 

Phase 2 will be implemented once all material that can be removed by the vacuuming 
method has been removed. In Phase 2, an excavating machine will be provided to  remove 
the material through an opening cut into the side of the silo. The excavating machine will 
deposit the material into a retrieval bin in the Excavator Room floor, and mechanical 
conveyors will transport the material to the Packaging Area. Alternately, the excavating 
machine may be used to manipulate a vacuum hose for pneumatic material retrieval during 
Phase 2. 
Dual packaging lines will be provided. Material from either the Pneumatic Retrieval System 
or the Mechanical Retrieval System can be routed through a final common conveyor feeder 
to either of the two packaging lines. 

The objective of this document is to  provide a preliminary description of the intended 
method for controllhg the Silo 3 material handling equipment, the packaging equipment, 
and the associated system utilities. 

0 
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2.0 CONTROL SYSTEM OVERVIEW 

The equipment will be provided with control system hardware and a control approach 
typical of that used in conventional industrial material handling and packaging.operations. 
The control philosophy will be based on providing automated functions where applicable 
and utilizing plant floor local operator actions as required. Many of the operations, 
particularly in the packaging area, require continuous operator actions and control input on 
a local basis. 

Operator interface will be primarily based on local operation with input via local push- 
buttons and hand switches. A primary hand control station shall be provided at the 
container filling stations. Other control stations shall be provided as required. These 
control stations shall be suitably configured for manipulation by operators who are in a 
standing position alongside the associated equipment. 

Controls and instrumentation provided shall be suitable for use in an industrial 
environment. The devices will be conventional, readily available, "off-the-shelf" items 
having a proven history of performance. 

A Programmable Logic Controller (PLC) based control system will be provided to monitor 
and control the material handling and packaging equipment. All control logic, sequencing, 
alarm monitoring, and interlocking will be performed in the PLC's. The use of relay logic, 
timers, or other control devices outside the PLC system shall be avoided. Operator 
pushbuttons, hand switches, conveyor controls, motion detectors, solenoid valves, etc. 
shall be configured to be inputs and outputs (VO) to the PLC control system. Unless stated 
as exceptions, discreet input circuits will be 120 VAC, discreet output circuits will be 
contact closure or 24 VDC, and analog I/O drcuits will be 4-20 mA. Emergency stop 
controls will be hard wired and will also have PLC inputs to  reset process PLC control 
functions. 

The main PLC processor will be situated in the Operations Support Center. A minimal 
number of PLC remote I/O racks will be placed in the packaging area and other locations 
as required to  simplify control wiring to  conveyor controls, material position sensors, * 

instruments, etc. One or more basic alphahumeric display stations will be provided at 
strategic locations in the process areas t o  display process parameters such as motor amps, 
process pressures, filter differential pressures, and alarm indications. 

The PLC system will utilize PROFIBUS as a local area network dedicated for control and 
data acquisition requirements. The main control system PLC, local equipment dedicated 
PLC's, remote I/O racks, display stations, the data acquisition computer, and any of the 
more complex control devices such as variable speed motor drives and load cell systems 
will be linked with and configured as stations on this PROFIBUS network. 

Two redundant PC-based Human-Machine Interface (HMI) stations will be installed in the 
Operations Support Center. These HMI stations will serve as a central point for monitoring 
and control of the process and supporting utilities. Monitoring and alarming capabilities will 
be configured for all systems. The necessary control functions to  support unattended 
systems such as the Process Vent System, the heating, ventilation, and air conditioning 
(HVAC) System, and the Breathing Air System will be incorporated in the HMI stations. 

2 
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. Systems such as the HVAC system and the Breathing Air System will be controlled and 

alarmed from the HMI stations. 
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System Name 

Pneumatic Retrieval System 

Mechanical Retrieval System 

e 3.0 CONTROL PHILOSOPHY 426'1 

25 

40 

41 

62 

~ ~~ 

Container Management System 

Plant and instrument Air System 

Breathing Air System 

Wastewater System 

I 1 9  I Process Vent System I 

90 . 
__ ~ 

Control System 

I 7 0  I Supply Air System I. 
I 7 1  1 Exhaust Air System I 
I 8 4  I Sampling System 

The Pneumatic Retrieval System and the Mechanical Retrieval System conveyors will not 
be operated simultaneously due to  limitations in the available electrical power and due to 
conveyor flow path configuration. 

Instrumentation and control philosophy for each system are discussed in Sections 3.1 
through 3.8. The Sampling System components (System 84) are listed with the Container 
Management System in Section 3.4 

3.1 PNEUMATIC RETRIEVAL SYSTEM (SYSTEM 10) 

3.1.1 Equipment Description 

Major equipment in the Pneumatic Retrieval System is as follows: 

ENC-10-5020A-E Vacuum Wand Management System 

DCL-10-5002 Pneumatic Retrieval Collector 

ROF-10-5 108 Primary Rotary Feeder 

ROF-10-5 1 10 0 0 FLT-10-5005 

Secondary Rotary Feeder 

Cartridge Filter 
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FLT-10-5004 High-Efficiency Particulate Air (HEPA) Filter 4 2 6 7  
BLR-10-5006 Pneumatic Retrieval Blower 

BLR-10-5008 Auxiliary Vacuum Blower 

FDR-10-5104 Pneumatic Retrieval Collector Discharge Feeder 

FDR-10-5 102 Feed Conveyor 

FLT-10-5070 Supply HEPA Filter 

Instrumentation in the Pneumatic Retrieval System is as follows: 

LSH-DCL-10-5002 

PDIT- DCL-10-5002 

SIC-FDR-10-5104 

YE/YIT-DCL-10-5002 

PDIT-FLT-10-5005 

LSH-FLT-10-5005 

PDIT- DCL-10-5004 

IT-BLR-10-5006 

FE/FT-BLR-10-5006 

TIT-BLR-10-5006 

PIT-BLR-10-5006 

IT-BLR-10-5008 

FE/FT-BLR-10-5008 

TIT-BLR-10-5008 

PIT-BLR-10-5008' 

PDIT-FLT-10-5070 

Pneumatic Retrieval Collector Level Switch High 

Pneumatic Retrieval Collector Differential Press Indicating 
Transmitter 

Pneumatic Retrieval Collector Discharge Feeder Speed 
Indicating Controller 

Pneumatic Retrieval Collector Discharge Particulate Rate 
Indicating Transmitter 

Cartridge Filter Differential Press Indicating Transmitter 

Cartridge Filter Level Switch High 

HEPA Filter Differential Pressure Indicating Transmitter 

Conveying Blower Motor Current Transmitter 

Conveying Blower Discharge Flow Transmitter 

Conveying Blower Discharge Temperature Indicating 
Transmitter 

Conveying Blower Discharge Pressure Indicating Transmitter 

Auxiliary Blower Motor Current Transmitter 

Auxiliary Blower Discharge Flow Transmitter 

Auxiliary Blower Discharge Temperature Indicating Transmitter 

Auxiliary Blower Discharge Pressure Indicating Transmitter 

Supply HEPA Filter Differential Pressure Indicating Transmitter 

3.1.2 Control Philosophy 

The Pneumatic Retrieval System will be used primarily in Phase 1 of the material removal 
from Silo 3. Pneumatic Retrieval Operations will consist of the following: 

Manipulation and control of the pneumatic vacuum wand (ENC-10-5020) through 

0 

manways on the silo dome 

Operation of the Pneumatic Retrieval System (collectors, feeders, blowers, and filters) 
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@ 0 Support operation of the two Packaging Stations (System 25) 426r 
Operators at  the Packaging Stations will have overall control responsibility for the 
regulation of Pneumatic Retrieval System operations. The packaging station operators will 
communicate with the Pneumatic Retrieval System operators, who will communicate with 
the vacuum wand operators by radio voice communication. The operators will coordinate 
retrieval operations in order to supply silo material to  the packaging stations as needed and 
to halt retrieval when necessary. 

The Packaging Station controls are at the packaging stations. The Pneumatic Retrieval 
System controls are in the Process Building near the Packaging Stations. A local operator 
situated on the silo dome near the Vacuum Wand Management System will manipulate the 
vacuum wand using local hand controls. The wand operator will be required to manipulate 
or retract the wand, as required, to flow a suitable quantity of material to accomplish 
filling of the packages and also to halt material feed if material inventory is building up in 
the pneumatic retrieval collector. 

The rate at which material can be conveyed to the packaging stations is controlled by the 
packaging station operators. This rate will be based on the capability of the packaging 
station crew to fill and process the packages. As one station is receiving material, the 
other will be prepared for receiving material (seal, close, and remove filled package from 
station and prepare next package for filling). The material packaging rate will range from 
3 to 10 yd3 per hour. The desired material rateois established by setting the speed of the 
Pneumatic Retrieval Collector Discharge Feeder (FDR-10-5104). 

The Pneumatic Retrieval Collector has a high level switch that triggers an alarm at the 
vacuum wand station and in the Process Building. High level will occur if the system is 
retrieving material at a rate greater than the rate of material conveyed to the packaging 
stations. Upon reaching this high level, the,vacuum wand operator will need to  reduce or 
stop the retrieval rate of material from the silo. 

Closed Circuit TV (CCTV) cameras will be installed in the silo (exact locations and 
approach to be determined) with monitors and camera controls provided in the Process 
Building and at the vacuum wand management stations on the silo dome. This CCTV 
system will allow the wand operator to  v ieh the silo material and the wand movement and 
control the retrieval of material. 

The Vacuum Wand suction and material transport air velocity will be generated by the 
Pneumatic Retrieval System. Conveying airflow for the Pneumatic Retrieval System is 
provided by Pneumatic Retrieval Blower (BLR-10-5006). The blower will be purchased as a 
package unit with the following monitoring devices provided by the vendor: Conveying 
Blower Current Transmitter (IT-BLR-10-5006), Blower Discharge Flow Transmitter (FE/FT- 
BLR-10-5006), Blower Discharge Temperature Indicating Transmitter (TIT-BLR-1 0-5006), 
and Blower Discharge Pressure Indicating Transmitter (PIT-BLR-10-5006). The vacuum 
wand suction and transport airflow rate will be established through proper selection of the 
blower site and motor belt drive sheave. Manual dampers located in the flow path 
upstream of the blower can be adjusted for a partial reduction of flow rate. The blower will 

. 

be started by the Pneumatic Retrieval operators and will run continuously while pneumatic 
retrieval is in operation. 0 
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Flowable material passing through the vacuum wand will continue through the transport 
piping and will be drawn into the Pneumatic Retrieval Collector (DCL-10-5002). Once in 
the dust collector, the silo material will be separated from the transport air stream and 
discharged to  the Pneumatic Retrieval Collector Discharge Feeder (FDR-10-5104) and then 
through Primary and Secondary Rotary Feeders (ROF-10-5108 and ROF-10-5110). The 
material will feed by gravity onto Feed Conveyor (FDR-10-5 102). This conveyor has two 
outlet valves on the underside. One valve (AOV-10-5114) allows material to  flow to 
packaging line A, and the other valve (AOV-10-5116) allows material to flow to  packaging 
line B. These valves are opened and closed as required by packaging area control 
operations. Only one packaging line will be filling a container at any given time. 

Pneumatic Retrieval Collector (DCL-10-5002) material level, pressure drop, and. particulate 
discharge rate will be monitored by Level Switch High (LSH-DCL-10-5002), Differential 
Pressure Indicating Transmitter (PDIT-DCL-10-5002), and Particulate Rate Indicating . 
Transmitter (YE/YIT-DCL-10-5002). 

Pneumatic conveying airflow leaving collector (DCL-10-5002) will pass through Cartridge 
Filter (FLT-10-5005) and then continue on to a HEPA Filter (FLT-10-5004) for removal of 
suspended fine material. Cartridge Filter (FLT-10-5005) material level and pressure drop 
will be monitored by Level Switch High (LSH-FLT-10-5005) and Differential Pressure 
Indicating Transmitter (PDIT-FLT-10-5005). A Differential Pressure Indicating Transmitter 
(PDIT-10-5004) will monitor the HEPA filter operating conditions. 

An Auxiliary Vacuum Blower (BLR-10-5008) is provided to convey material from the 
Process Vent System fines collection bins and from the Container Management System in 
the event of an overfilled material package. This blower will be started by operators as 
required. 

Exhaust air will then continue on to  Exhaust Stack (STK-19-5209) for release to the 
atmosphere. See Process Vent System Section 3.3 for additional information on radon 
monitoring, particulate monitoring, and release of air to the atmosphere. 

3.1.3 Key Parameters, Setpoints, and Responses 

LSH-DCL-10-5002 Dust Collector High 
Material Level 

1 ~ 30 IN I Alarm On High Level 

On High Diff Pressure 
8 INWC 
1 INWC 
.7 INWC 

Shutdown On Hi-Hi Diff Press 
Alarm On Low Diff Pressure 
Shutdown On Lo-Lo Diff Press 

PDIT-DCL-10-5002 Dust Collector Diff 
Pressure 

Alarm On High Particulate TBD I Shutdown On Hi-Hi Particulate 
YEIYIT-DC-10-5002 Dust Collector Discharge 
Particulate 

LSH-FLT-10-5005 Cartridge Filter High 1 30  IN I Alarm On High Level 
Material Level 

I PDIT-FLT-10-5005 Cartridge Filter Diff ~ ~ I 7 INWC- 1 Alarm On High Diff Pressure 
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ImmentlPsrameter 
Pressure 

Scbtpoant* Response 
8 INWC 
1 INWC 

Shutdown On Hi-Hi Diff Press 
Alarm On Low Diff Pressure 

PDIT-DCL-10-5004 HEPA Filter Diff Pressure 

IT-BLR-10-5006 Conveying Blower Current 

FE/FI-BLR-10-5006 Conveying Blower Flow 

TIT-BLR-10-5006 Conveying Blower Air 
Outlet Temperature 

7 INWC 
8 INWC 

125 amps 

TBD 

Alarm On High Diff Pressure 
Shutdown On Hi-Hi Diff Press 

Alarm On High Motor Current 

Alarm On Low Air Flow 

175°F 
250°F 

I TBD 

PIT-BLR-10-5006 Conveying Blower Air 
Outlet Pressure 

Alarm On High Air Temperature 
Shutdown On Hi-Hi Air Temp 

Alarm On High Air Pressure 
Shutdown On Hi-Hi Air Press 

PDIT-FLT-10-5070 HEPA Filter Diff Pressure Alarm On High Diff Pressure 
Shutdown On Hi-Hi Diff Press 

*Setpoints are estimated and must be confirmed in final design. 

Diff = Differential 

3.2 

3.2.1 Equipment Description 

Major equipment in the Mechanical Retrieval System is as follows: 

EXC-11-5050 Excavator 

HBN-11-5054 Retrieval Bin 

FDR-11-5 106 Retrieval Bin Discharge Feeder 

DFC-11-5056 Inclined Conveyor 

FDH-11-5100 . Transfer Conveyor 

instrumentation in the Mechanical Retrieval System is as follows: 

PIT-FLT-11-5070 Silo 3 Pressure Indicating Transmitter 

0 IT-DFC-11-5056 . Inclined Conveyor Motor Current Transmitter 

IT-FDR-11-5100 Transfer Conveyor Motor Current Transmitter 

SIC-FDR-11-5108 Retrieval Bin Discharge Feeder Speed Indicating Controller 

3.2.2 Control Philosophy 

The Mechanical Retrieval System will be used during Phase 2 of material removal from 
Silo 3. Remaining silo material that was not removed during the Phase 1 operation will be 
excavated from the silo using the Excavator (EXC-11-5050). The excavator will enter an 
opening cut in the side of the silo. 

MECHANICAL RETRIEVAL SYSTEM (SYSTEM 11) 
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l n s t r u m e ~ m e t e r  

PIT-FLT-11-5070 Silo 3 Internal Pressure 

I 4 2 6 7  ' The Excavator will be a vendor supplied electrically powered machine. Operator control 

S o ~ n t '  Retpon#, 

NkA Indicates Silo Internal Pressure 

SIC-FDR-11-5 1 06 Retrieval Bin Feeder Speed Controls Material Feed Rate 
Indicating Controller 

14  amps 
16 amps I Shutdown On Hi-Hi Mtr Amps 

Alarm On High Motor Amps 
~~~ 

IT-DFC-11-5056 Incline Conveyor Motor Amps 

*Setpoints are estimated and must be confirmed in final design. 

3.3 PROCESS VENT SYSTEM (SYSTEM 19) 

3.3.1 Equipment Description 

Major equipment in the Process Vent System is as follows: 

DCL-19-5202A and B 

0 FLT-19-5204A and B Process HEPA Filters A and B 

Process Vent Dust Collectors A and B 
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4 2 6 1  FAN-19-5206A and B Process Exhaust Fans A and B 

STK- 1 9-5 209 Exhaust Stack 

CEM-19-5208 lsokinetic Stack Monitor (Radon, Particulate, and 

Instrumentation in the Process Vent System is as follows: 

Flow Monitoring) 

Process Vent Dust Collector A Instrumentation: 

- . MOV-19-5200 Dust Collector A Inlet Valve 

- PDIT-DCL-19-5202A Dust Collector A Differential Pressure Indicating 

- LSH-DCL-19-5202A Dust Collector A High Level Switch 

- HOV-19-5216 Dust Collector A Discharge Dump Gate Valve 

- LSH-HBN-19-5205A Dust Collector A Discharge Bin Level Switch 

Process Vent Dust Collector B Instrumentation: 

- MOV-19-5211 Dust Collector B Inlet Valve 

- PDIT-DCL-19-52028 Dust Collector B Differential Pressure Indicating 

- LSH-DCL-19-5202B Dust Collector B High Level Switch 

- HOV-19-5236 Dust Collector B Discharge Dump Gate Valve 

- LSH-HBN-19-5205B Dust Collector B Discharge Bin Level Switch 

Process Vent HEPA Filter and Process Exhaust Fan Instrumentation: 

- PDIT-FLT-19-5204A and B HEPA Filters Differential Pressure Indicating 
Transmitters 

- YE/YIT-DCL-19-5202 Dust Collector Disch Particulate Count Indicating 
Transmitter 

- IT-FAN-19-5206A and B Exhaust Fan Current Transmitters 

- MOV-19-5230 Exhaust Fan A Discharge Valve 

- MOV-19-5232 Exhaust Fan B Discharge Valve 

- PIT-FAN-19-5206 Vent Gas Discharge Pressure Indicating 

- FIT-FAN-19-5206 Vent Gas Discharge Flow indicating Transmitter 

Transmitter 

0 

Transmitter 

Transmitter 

0 Exhaust Stack instrumentation: 

- RQI-CEM-19-5208 Exhaust Stack Radon Detection 

- ASH-CEM-19-5208 Exhaust Stack Particle Detection 
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- FT-CEM-19-5208 

~~ 

Exhaust Stack Flow Transmitter 

- LSH-STK-19-5209 Exhaust Stack High Level Switch 

3.3.2 Control Philosophy 

Collection Header 

The Process Vent System Collection Header consists of piping and manual dampers for the 
collection of silo material dust from various areas of the facility. .These areas are the 
Silo 3 interior, the Retrieval Bin area, the Inclined Conveyor, and Package Loading 
Stands A and B. 

The operators will be required to manually set the Process Ventilation flow rates from the 
various equipment areas using a series of manually operated dampers and by observing 
local duct airflow rate indicators. 

The ventilation of Packaging Lines A and B will be maintained during both Phases 1 and 2. 
Ventilation of the Retrieval Bin and the Silo 3 interior will be active only during Phase 2. 
Dust collection in the Retrieval Bin area will be assisted by the Retrieval Bin Hood (EAR-1 1- 
5052). 

Dust Collectors, Filters, and Blowers 

Redundant trains of dust collectors, filters, and exhaust fans will be provided. Duct 
crossover capability will also be provided to allow operation with any combination of 
components active in either path. The inlet valve to each of the redundant Process Vent 
Dust Collectors and th’e valves at the outlet of each Process Exhaust Fan will be an electric 
motorized valve, selected and opened or closed as needed by the operator. All of the other 
dampers will be. manually operated. Operators will align the valves and dampers and start 
one of the fans at the beginning of the work shift. The fan will run continuously at all 
times during material handling or packaging operations. The control system will have the 
capability to automatically realign the motorized valves and switch over to use the other 
dust collector or fan when available in the event of abnormal operating conditions as 
indicated in Section 3.3.3 below. 
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'DIT-DCL-19-5202A & B Process 
dent Dust Collector A & B 
Differential Pressure 

a 4 2 6 1  

7 INWC 

8lNWC ~ 

I 

3.3.3 Key Parameters, Setpoints, and Responses 

PDIT-FLT-19-5204A & B HEPA 
Filter Differential Pressure 

7 INWC 

8 INWC 

1 INWC 

LSH-DCL-19-5202A & B Process 
Vent Dust Collector A & B High Level 
Switch 
YE/YIT-DCL-19-5202 Process Vent 
Dust Collector Particulate Monitor 
(Common to both A & B) 

30 In 

TBD 

TBD 

IT-FAN-1 9-5206A & B Process 
Exhaust 
Fan A & B Motor Amps 

PIT-FAN-1 9-5206 Exhaust Fan Outlet 
Air Pressure 

37 amps 

41 amps 

TBD 

TBD 

FIT-FAN-1 9-5206 Exhaust Fan Outlet 
Airflow Rate 

System 

Alarm On High Differential Press - 

Alarm On Hi-Hi Differential Press - Realign 
lalves and Switch Over To Other Dust 
2ollector 

Varm On Low Differential Press - Realign 
/alves and Switch Over To Other Dust 
2ollector 
4larm On High Level-Realign Valves and 
Switch Over To Other Dust Collector 

4larm On High Particulate 

4larm On Hi-Hi Particulate - Realign Valves 
3nd Switch Over To Other Dust Collector 
4larm On High Differential Press 

4larm On Hi-Hi-Differential Press - Realign 
dalves and Switch Over To Other Dust 
Collector 

9larm On Low Differential Press - Realign 
Valves and Switch Over To Other Dust 
Collector 
Alarm On High Motor Amps 

Realign Valves and Switch Over To Other 
Fan 
Alarm On High Air Pressure 

Realign Valves and Switch Over To Other 

Alarm On High/Low Air Flow 

Alarm On Hi-Hi OR Lo-Lo Flow - Realign 
Valves and Switch Over To Other Fan 
Alarm on High Radon/Particulate 
Shutdown Pneumatic Retrieval System, 
Process Vent System, and HVAC on Hi-Hi 
Radon/Particulate 

*Setpoints are estimated and must be confirmed in final design. 
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3.4 CONTAINER MANAGEMENT SYSTEM (SYSTEM 25) 

3.4.1 Equipment Description 

Two redundant packaging lines will be provided. Packaging line A will be described herein. 
Line B will be similar. 

Major equipment in the Container Management System is as follows: 

RCV-25-5270A Package Loading Stand A 

RCV-25-5274A Intermediate Packaging Conveyor A 

RCV-25-5278A Package Staging Conveyor A 

RCV-25-5282A Airlock Conveyor A 

RCV-25-5288A Off-Loading Conveyor A 

SSS-84-5252A Package Sampler A 

BRC-25-5280 Bridge Crane 

EAR-25-5290A Packaging Station A Exhaust Hood 

SKD-25-5250A Container Management and Packaging System A 

Instrumentation in the.Container Management System’is as follows: 

AOV-25-5260A 

WIT-RCV-25-5270A 

SOV-25-5273 

SOV-25-5286 

SOV-25-5285 

ZTTSOV- 25- 5 28 5 

ZS-RCV-2 5-5 274AA 

ZS-RCV-25-5274AB 

ZS-RCV-25-5 2 78AA 

ZS-RCV-2 5-5 278AB 

ZS-RCV-25-5282AA 

ZS-RCV-25-5282AB 

ZS-RCV-25-5288AA 

ZS-RCV-25-5288AB 

Package Fill Valve A 

Package Scale System A 

Bag Deflator Solenoid 

Package Vibration Solenoid 

Package Height Adjustment Solenoid 

Package Height Position Tiansmitter 

Intermediate Conveyor Pallet Position Switch 

Intermediate Conveyor Pallet Position Switch 

Staging Conveyor Pallet Position Switch 

Staging Conveyor Pallet Position Switch 

Airlock Conveyor Pallet Position Switch 

Airlock Conveyor Pallet Position Switch 

Off-Loading Conveyor Pallet Position Switch 

Off-Loading Conveyor Pallet Position Switch 
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3.4.2 Control Philosophy 

The Container Management and Packaging System will be a vendor-supplied package. The 
vendor will be given a general physical configuration for the Package Loading Stand and a 
set of detailed functional requirements. The vendor, following final design, shall provide 
the final detailed control system configuration and a detailed sequence of operation. 

The Packaging System will be a continuously manned operation. The operators will 
perform several manual steps to prepare the bags for filling. These steps will include 
placing the pallet and loading frame onto the Package Loading Stand, placing the bag into 
the loading frame, lowering the loading spout, and coupling the bag to the spout. The 
operator will then activate a blower, pre-inflating the bag to conform to  the loqding frame 
and thus ensuring that it fits the contours of the container properly, leaving no folds in the 
inner liner. 

Operator interface will be primarily based on local operation with input via local 
pushbuttons and hand switches. A primary hand control station shall be provided at the 
container filling station, and other control stations shall be provided as required associated 
with the downstream conveyors. These control stations shall be suitably configured for 
manipulation by operators who are in a standing position alongside the packaging 
equipment. 

Control for the actual filling of the bags will be a combination of manual operations and 
some limited automated sequences. Coupling the bag to the filling port, inflating the bag 
seal, and confirming an adequate closure will be performed manually. Dispensing the 
material into the bag and operation of the vibrating densification devices will be automated 
to reduce the possibility of overfilling. The operator will initiate a filling sequence after 
having positioned the bag and having confirmed proper seal to the spout. The material 
discharge valve will open, and material will begin filling the bag. The deaerator vent valve 
will open to remove air from the bag as it is being filled. The densification vibrator will be 
activated when a fill weight of approximately 20 percent final weight has been reached. 
This amount of fill is usually sufficient to prevent the vibrators from causing the bag and 
container to shift around or vibrate excessively. The actual weight value used can be 
adjusted with experience. When a fill weight of approximately 75 percent is reached, an 
adjustable delay interval will be provided in the program sequence to allow the 
densification vibrators t o  operate with material filling halted. If required, this delay may be 
a few seconds to several minutes; actual times will be adjusted with experience. Following 
the delay, material filling will resume until a target full bag weight is reached. This target 
filled weight will be an initial setpoint, but will be adjusted with experience from recent 
previously filled bag weights. A level sensor installed at the mouth of the fill spout will 
provide an indication of filling level to the operator. This level sensor signal will be used to 
automatically stop the filling if material fills to that level before the target fill weight is 
achieved. Operators will also be required to visually monitor the filling level and be 
prepared to halt the filling process if required. If overfilling occurs, a manually operated 
vacuum line is provided, allowing operators to draw some material from the bag and 
transfer it to the Pneumatic Retrieval System. 

000078 
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Sampling Units SSS-84-5252A and B are provided for obtaining samples of the silo - 

material as it is being dispensed into the bags. Operation of these sampling units will be 
incorporated into the operating sequence for filling each package. Precise sampling 
requirements are to be determined. 

The Control System will archive a unique bag identifier, time and date of filling, bag weight 
data, and sample data. 

The bag will then be manually detached from the spout, closed, and sealed. The loading 
frames will be disassembled and removed from the bag. The containers will be moved to 
the Intermediate Packaging Conveyor for "swipe" checking. When the bags pass operator 
examination and swipe tests, transparent plastic folders containing required labeling 
information are attached. The filled and completed bags will then be conveyed out of the 
packaging area for loading into cargo containers. 

Operation of the downstream conveyors is initiated by the local operators using hand 
controls at  the conveyors. Position sensors and interlocks provided on the conveyors and 
on the building doors prevent collision of packages with each other and with the doors and 
will also prevent running a package beyond the end point of a conveyor. Bags will be lifted 
off the pallets by the Bridge Crane (BRC-25-5280) and lifting frame assembly and placed in 
the cargo container. 

CCTV monitors will be installed at the packaging stations to allow the operators to view 
the Pneumatic Retrieval Vacuum Wand operation and/or the Mechanical Retrieval Bin 
status. CCTV cameras will be provided in the packaging area to allow the operators in the 
Operations Support Center to view activities in the packaging area. 

*Setpoints are estimated and must be confirmed in final design. 

3.5 PLANT AND INSTRUMENT AIR SYSTEM (SYSTEM 40) 

The Plant and Instrument Air Compressors, Air Dryers, and associated equipment will be 
vendor-supplied packages with controls provided by the vendors in accordance with 
purchase specifications. The vendors will be required to  provide control systems typical of 
such equipment as used in industrial environments. Operating parameters, such as 
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compressor motor running, air pressure, and system alarms, will be required to be available 
to the main PLC system for monitoring and alarming. 

3.6 

The Breathing Air System will also be a vendor-supplied package (see Section 3.5 above). 
All control functions, system monitoring, and alarming capabilities will be suitably specified 
for the high reliability requirements needed in this equipment. Operating parameters and 
alarms will be displayed in the Operations Support Area. 

BREATHING AIR SYSTEM (SYSTEM 41) 

3.7 WASTEWATER SYSTEM (SYSTEM 62) 

3.7.1 Equipment Description 

Major equipment in the Wastewater System is as follows: 

TNK-62-5600A and B Wastewater Tanks A and B 

PMP-62-5606A and B Wastewater Pumps A and B 

MXA-62-5602A and B Wastewater Tank Agitators A and B 

PMP-62-5604A and B 

PMP-62-5404 Excavator Service Room Sump Pump 

PMP-62-5642 Excavator Room Sump Pump 

Instrumentation in the Wastewater System is as follows: 

LIT-TNK-62-5600A and B 

FIT-AOV-62-5670 Wastewater Discharge Flow Rate Indicating Transmitter 

AOV-62-5670 Wastewater Discharge Flow Control Valve 

0 AOV-62-5474A and B 

AOV-62-5672 Wastewater Tank B to AWWT Block Valve 

AOV-62-5624 Wastewater Tank A to AWWT Block Valve 

LS-PMP-62-5604 Sump Level Switch 

LSH/L-PMP-62-5642 Excavator Room Sump Pump Level Switch 

LSH/L-PMP-62-5604 Excavator Service Area Sump Pump Level Switch 

Wastewater Tank Area Sump Pumps A and B 

Wastewater 'Tank Level Indicating Transmitter A and B 

Process Water Supply Valves A and B 

3.7.2 Control Philosophy 

Wastewater will be generated from wash down activities. Sump pumps in the Excavator 
Room, the Excavator Service Room, and the Wastewater Tank Area will each start 
automatically in response to high water level actuating level switches in the sumps. A 
manual selector switch will be provided at the Wastewater Tank Area sump pumps to 
allow manually selecting which of the two pumps will run. Manual valves in the piping will 
be aligned to direct the water from the sump pumps to wastewater tank A or tank B. As 
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one tank reaches high level and is being analyzed or emptied, ongoing operations will 
utilize the other tank. The tanks will be duplexed on-line and off-line in this manner. 

The tank agitators will be activated by the operators, as needed, via manual switches 
located near the tanks. 

The Wastewater Pumps (PMP-62-5606A and B) have recirculation block valves. Running 
the pumps with the recirculation valves open will also cause agitation of the wastewater. 

Whenever a high level is reached in either of the Wastewater Tanks and an appropriate 
mixing time has elapsed, the contents of that tank will be analyzed. This analysis is to 
ensure that the contents are suitable for on-site processing by the Advanced Wastewater 
Treatment (AWWT) facility. 

If contents are cleared for treatment by AWWT, the entire contents will be transferred by 
tanker to the AWWT facility. Recirculation Block Valve (AOV-62-5668) will be closed, and 
wastewater to tanker Block Valve (AOV-62-5624 - Tank A or AOV-62-5672 - Tank B) will 
be opened. Flow rate and flow total will be monitored through Flow Control Loop (FQIC- 
AOV-62-5670). 

LIT-TNK-62-560015650 Tanks A 81 B Level 

3.7.3 Key Parameters, Setpoints, and Responses 

86 In I Alarm On high level 
Indicating Transmitters 

FE-AOV-62-5670 Wastewater Flow Rate 
Indicating Transmitter/TotaIizer 
AOV-62-XXXX Wastewater System Flow 
Direction Valves 
LS-PMP-62-5604 Sump Pump High Level 
Switch 

80 In 
1 0  In Stop Wastewater Pumps 
NIA Totalizes Water Flow to 

Tan ker/AWWT 
NIA Operators to Align Valves as 

Required for Direction of Flow 
TBD Actuates Sump Pump On 

Presence of Wastewater in Sump 

Stop Additional Water lnfeed 

*Setpoints are estimated and must be confirmed in final design. 

3.8 

The Building HVAC System will utilize controls typical of industrial or commercial 
installations. Each of the three air-handling units (consisting of intake filters, fan, electric 
heaters, and refrigeration-based air conditioning components) will have local controls 
provided by the manufacturer. The exhaust filtration system will consist of two filters and 
two exhaust fans with a crossover to allow either filter t o  be used with either fan. The 
major HVAC system components will be interfaced with the main PLC control system 
allowing monitoring and control of HVAC functions via the main HMI in the Operations 
Support Center. The HMI display configuration will include a suitable display area for 
HVAC control requirements. 

The system will be operated from the HMI by aligning the dampers and selecting and 
starting one of the two exhaust fans and two of the three air-handling units. One of the 
three air-handling units will be available as a backup. The pressure differential between the 
packaging room and ambient will be regulated using a variable flow vacuum relief damper. 

BUILDING HVAC SYSTEMS (SYSTEMS 70 AND 71) 
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A PLC-based proportional-integral-derivative control (PID) control loop utilizing input 'from a 
differential pressure transmitter sensing packaging room pressure and ambient pressure 
will modulate this damper. This PID control loop will be enabled and provided with 
operating and alarm setpoints from the HMI. Additional inputs will be provided from door 
position sensors in order to tailor the response of the PID algorithm during off-normal 
operating conditions. 

The interior temperature will be controlled by a PLC-based PID control loop utilizing input 
from a temperature sensor in the packaging room and setpoints from the HMI. 

Failure of an air-handling unit or fan to run, failure to maintain temperature or differential 
pressure, fire detection, and other upset conditions will be alarmed at the HMI. 

The HVAC system control logic will be interlocked with fire detection and air quality 
monitoring to force the system to the most suitable operating mode during upset 
conditions. Operators will be able to control or reset the HVAC system from the 
Operations Support Center without entering the main facility. 

3.9 CONTROL SYSTEM (SYSTEM 90) 

3.9.1 Equipment Description 

PLC-90-5870 Main Control PLC (Located in the Operations Support Area) 

PNL-90-5872 Primary Control Operator Station (Located in the Operations 

CPU-90-5875 Engineering/Programming and Backup Operator Station 

PRN-90-5880 Report Printer 

PLC-90 5885A Packaging Area A PLC (Vendor Supplied) 

PLC-90-5885B Packaging Area B PLC (Vendor Supplied) 

0 Local PLC Racks 

Support Area) 

(Located in the Operations Support Area) 

(One In MCC Room and TBD-Other Locations per Final Design) 

3.9.2 Control System Function 

State-of-the-art personal computer (PC)-based HMI software will be provided for 
monitoring and control of the facility. Two PC's will be set up in the Operations Support 
Area. The first PC will be provided with HMI operating system software only and the 
second PC will be provided with HMI operating system and engineering 
support/programming software. This configuration will offer redundancy and will cover any 
programming, start-up, and trouble shooting requirements. 

A series of screens will be configured to display a mimic for each major portion of the 
facility. This is expected to include, as a minimum, the Pneumatic Retrieval System, the 
Mechanical Retrieval System, the Process Vent System, the HVAC System, the 
Wastewater System, the Breathing Air System, and other utilities. Extensive monitoring 
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capability will be incorporated and process control will be provided where applicable. 
Alarm status and history information will be provided. 

The main PLC processor will be situated in the Operations Support Center. A Profibus local 
area network will link the Main PLC with the two PC’s and also with other PLC’s or smart 
devices throughout the facility. Some vendor-supplied systems such as the packaging 
stations are expected to  have local dedicated PLC’s, which will be linked to the main 
control system via the local area network. 

The HMI software will have typical batch reporting functions, which will be utilized to 
archive a software/electronic copy of the package identification unique identifier and 
time/date information. 

The Operations Support Center will be equipped with redundant CCTV monitors linked 
with the cameras in the Pneumatic Retrieval System, the Silo interior, the Mechanical 
Retrieval System, and the Packaging Area. This will enable Operations Support Center 
personnel to monitor and assist in coordinating facility activities. 
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1.0 INTRODUCTION . 

This Sampling and Analysis Plan (SAP) has been developed to document sampling and 
analysis activities to  be performed in support of remedial action activities for the Silo 3 
Project. Specifically, this SAP has been prepared to provide details associated with the 
sampling and analysis of the untreated Silo 3 material to support transportation of the 
material, and its subsequent disposition at Envirocare of Utah, Inc. (Envirocare), the 
assumed disposal facility based on currently available 1 1 e.(2) disposal capability in the 
commercial sector. Alternative disposal sites are discussed in the Silo 3 Transportation 
and Disposal Plan; however, the basis of this Sampling and Analysis Plan is the 
transportation and disposal of untreated Silo 3 material at Envirocare. This SAP does not 
include the sampling and analysis of anything other than the Silo 3 material. 

Existing analytical data were reviewed in determining the analytes to be monitored and the 
frequency of sampling required. Techniques to be used for collecting and analyzing 
samples, as well as general methodologies, are described in this plan. Details necessary to 
implement the program identified in this plan are currently covered under existing 
procedures or will be written into operating procedures to meet the objectives reflected in 
this plan. 

1.1 PROJECT BACKGROUND 

The Fernald Environmental Management Project (FEMP) is a 1,050-acre government- 
owned, contractor-operated facility located in southwestern Ohio approximately 1 8 miles 
northwest of the city of Cincinnati. The facility is located just north of Fernald, Ohio, a 
small farming community, and lies on the boundary between Hamilton and Butler Counties. 
The FEMP, which operated under the name of the Feed Materials Production Center, 
produced high purity uranium metal products for the United States Department of Energy 
(DOE) and its predecessor agencies from 1952 to 1989. Former uranium processing 
operations at the FEMP were limited to a fenced, 136-acre tract, closed to  public access, 
known as the production area. In June 1991, the site was officially closed for production 
by an Act of Congress. The Fernald site was included on the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) National Priorities List 
in 1989. The current mission of the site is the safe environmental restoration of the site in 
accordance with all applicable requirements. 

Silo 3 is part of Operable Unit 4 (OlJ4) which is situated in the southwestern portion of the 
Waste Storage Area, west of the former Production Area. Silos 1, 2, and 4, which are 
also part of OU4, will not be discussed in this SAP; details on those silos can be found in 
the OU4 Record of Decision (ROD). 

The material in Silo 3 is classified as by-product 'material, as defined in Section 1 le.(2) of 
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the Atomic Energy Act of 1954. This material is known as cold metal oxides and was 
generated at the FEMP site during uranium extraction operations in the 1950s. These 
oxides were formed by calcining residues from the solvent extraction process used to 
extract uranium from ore concentrates and residues. The material in Silo 3 is substantially 
different from that in Silos 1 and 2. Silo 3 material is dry and powdery and contains 
similar radiological constituents as those found in Silos 1 and 2. However, certain 
radionuclides (such as radium) are present in much lower concentrations. On an activity 
basis, the predominant radiological constituent of the Silo 3 material is thorium-230 (Th- 
230). Data from the OU4 Remedial Investigation (RI) (Extraction Procedure Toxicity [EP 
Toxl analysis, since replaced by the Toxicity Characteristic Leaching Procedure [TCLPI) 
indicates Silo 3 material contains eight metals, with the highest mean concentrations being 
attributed to arsenic (9.48 milligrams per Liter [mg/LI), cadmium (0.85 mg/L), chromium 
(5.05 mg/L), and selenium (2.65 mg/L). 

As detailed in the OU4 ROD, the identified remedy for Silos 1, 2, and 3 material was 
retrieval, vitrification, and disposal at the Nevada Test Site (NTS). The Explanation of 
Significant Differences (ESD) for OU4 Silo 3 Remedial Action, approved March 1998, 
documented the change in remedy for Silo 3 material to retrieval, treatment by polymer 
encapsulation or chemical stabilization, and off-site disposal at the NTS or an appropriately 
permitted commercial disposal facility (PCDF), such as Envirocare. The ESD allowed that 
the Silo 3 material could be transported without treatment as long as the combination of 
onsite pretreatment and packaging in accordance with Department of Transportation 
(DOT) requirements provides an acceptable transportation risk. An amendment to  the 
OU4 ROD is being initiated in parallel with the Silo 3 remedial design to require onsite or 
offsite treatment only as required to achieve the WAC of the NTS or an appropriately 
permitted commercial disposal facility (PCDF). This SAP assumes that the Silo 3 material 
will be retrieved and packaged at the FEMP and transported untreated to Envirocare for 
disposal. Implementation of an alternate disposal option will require modification of this 
SAP. 

1.2 SCOPE OF ACTIVITIES 

This Plan describes the sampling and analysis strategy to satisfy Waste Acceptance 
Criteria (WAC) requirements at the Envirocare commercial disposal facility in Clive, Utah 
and demonstrate that the applicable DOT requirements are met. The basis of this SAP is 
the transportation of untreated Silo 3 material by rail to Envirocare for disposal in the 
1 1 e.(2) cell. Since this plan is specific to the Envirocare WAC, disposal at any other 
government or commercial site will require a revision of this SAP to reflect the receiving 
facility's WAC and disposal requirements. Likewise, since this plan assumes 
transportation and disposal of untreated Silo 3 material, any requirement imposed to treat 
the material prior to disposal will require a revision to this SAP as well. 
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This SAP will remain current at all times and be updated whenever necessary to address 
current operating conditians. In keeping with this "living document" obligation, this initial 
version of the Silo 3 SAP is written to  apply conceptually to the Silo 3 material eligible for 
disposal at Envirocare. The sole drivers for sampling and analysis will be what is required 
to facilitate disposition at the assumed 11e.(2) disposal facility and what is required (if 
anything) to demonstrate compliance with U.S. DOT requirements. Should direct 
operating experience indicate a need later to revise the pian, the revision will be provided 
to Envirocare for information and to the United States Environmental Protection Agency 
(USEPA) and Ohio EPA (OEPA) for approval as part of this "living document" obligation. 

As required, sampling will be conducted on the final waste stream (untreated Silo 3 
material) as the material is accumulated for packaging. 

1.3 SAMPLING AND ANALYSIS PLAN OBJECTIVES 

The objectives for this SAP are as follows: 

0 To satisfy the analytical requirements for Envirocare WAC demonstration. . 

0 To satisfy Department of Transportation (DOT) waste packaging and shipping 
requirements. 

These objectives has been considered in the formulation of the sampling protocols behind 
this SAP and the selection of an appropriate suite of analytical parameters and sample 
collection frequency to accomplish the ex-situ characterization of the material prior to  
disposition. The sampling and analysis strategy contained in this SAP considers only the 
license and permit restrictions for WAC compliance at Envirocare, and the appropriate DOT 
requirements. 

1.4 ASSUMPTIONS 

This SAP is based on several assumptions, including the following: 

0 Primary containers will be industrial package-2 (IP-2) 3 yd3 soft-sided containers to 
be overpacked in cargo containers or sea/lands. 

0 Process capability of the Silo 3 system is approximately 15 soft-sided containers 
per day, on average. 

0 The material for disposal will be untreated Silo 3 material. 

0 Transportation will be by rail (or by truck should . .  rail become infeasible). 

Page 1-3 
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e Material sampling will be performed by Silo 3 operations personnel 
with Silo 3 operating procedures. 

in accordance 

a Sample collection will be from a point just upstream of the packaging systems. 

If any of these assumptions change, a variance to this SAP explaining the significant 
differences will be generated and distributed. 
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2.0 SAMPLING AND ANALYSIS APPROACH 

Prior to developing the specific requirements of the sampling and analysis approach for the u% 
Silo 3 material, the requirements, agreements, and criteria which drive the need for the 
data to be generated through the sampling and analysis program must be assessed. The 
purpose of this section is to describe the assessment of the information that drives the 
data needs for the management of this material. Specifically, this section discusses the 
objectives, expectations, and specifics of a sampling and analysis strategy (i.e., the 
selection of analytical parameters, sampling frequency, and laboratories). This section 
details the approach to be used to collect and analyze the samples by identifying the 
analytical requirements for the Silo 3 material. 

2.1 ENVIROCARE SAMPLING REQUIREMENTS 

As previously mentioned, the Silo 3 material is characterized as 1 1 eJ2) by-product 
material. Envirocare is licensed by the Nuclear Regulatory Commission (NRC) to receive 
this type of material for disposal. The Envirocare 1 le.(2) license allows an average 
concentration per manifested DOT package, "not to exceed" the specified license limit. 

This section discusses the requirements to verify the Silo 3 material meets Envirocare's 
established WAC prior to  disposition at Envirocare. The information contained in this 
section is based upon Envirocare guidelines and associated permit/license requirements. 

2.1.1 Envirocare's Expectations of the Waste Generator 

Envirocare requires that the waste generator perform sufficient sampling to verify the 
profile and acceptance status of the waste. With NRC concurrence, this sampling can be 
"in-situ." In general, these requirements can be summarized as follows: 

a Obtain sufficient samples such that any/all radionuclides present in the material 
have been identified and quantitated; this information will be used to determine the 
range and weighted average activities of the radionuclides present in the material. 

Provide waste stream physical property results as identified in Envirocare's 1 1 e.(2) 
Waste Profile Record, EC-0230." 

0 

Provide "worst case" or "range" (as required by Envirocare's Radioactive Waste 
Profile Record) analytical results for the eight RCRA metals (plus zinc) and the 32 
RCRA characteristic organics (listed in Table 1 of 40CFR261). 

Upon review and approval of the FEMP's completed Radioactive Waste Profile Record and 
receipt of a delivery order, Envirocare will issue a "Notice to Transport, EC-1800". An 
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update to  the approved profile will be necessary if the reported concentration ranges 
exceed those originally reported on the Radioactive Waste Profile Record. 

Table 2-1 summarizes Envirocare's WAC constituent list for radioactive materials (such as 
Silo 3 material) as contained in Envirocare's facility license renewal and accompanying 
implementation guidance documents. Only those constituents expected to be present in 
the waste stream (by historical data, current sampling, or process knowledge) must be 
accounted for and manifested by the waste generator. 

2.1.2 Envirocare's Receipt Sampling of Generator Shipments 

In addition to the sampling conducted by the waste generator, Envirocare conducts receip 
sampling for waste materials shipped to the facility. This receipt sampling is conducted 
independently from the waste generator's sampling. A summary of this receipt sampling 
for shipments is provided in the following subsections. 

Due to  the dispersability and hazardous nature of the untreated Silo 3 material, Fluor 
Fernald is requesting that Envirocare perform "remote sampling and analysis" of the 
material and approve the material for disposal prior to the Silo 3 material being shipped 
from the FEMP to Envirocare. This remote sampling and analysis would eliminate 
additional analysis upon receipt at Envirocare. 

- 
2.1.2.1 Receipt Sampling Parameters 

Two types of parameters are considered by Envirocare during 1 1642) receipt sampling: 
radiological and chemical parameters. A brief description of each of these parameters is 
listed below. 

0 Radiological parameters (full suite): gamma scan, isotopic uranium and thorium, 
plus non-gamma analysis for specific constituents identified by the generator on the 
EC-0230, Waste Profile Record that require methods other than gamma 
spectroscopy; site scaling factors and calculations are acceptable where 
appropriate. 

Chemical parameters: TCLP for the eight RCRA metals (plus zinc) and the 32 RCRA 
characteristic organics. 

0 

Envirocare's discussions with the NRC indicate that existing data collected to  support 
waste characterization can be used in total to demonstrate that this waste stream is 
acceptable for disposal without additional sampling. 
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TABLE 2-1 
ENVIROCARE FACILITY WASTE ACCEPTANCE CRITERIA CONSTITUENT LIST 

RADIOLOGICAL: TCLP ORGANICS: . 
Americium-243 Plutonium-242 2,4,5-trichlorophenol 
Antimony-1 24 Polonium-21 0 2,4,6-trichlorophenol 
Antimony- 125 Potassium-40 2.4-dinitrotoluene 
Barium-1 33 Promethium-1 47 Cresol 
Beryllium-7 Radium-226 Hexachlorobenzene 
Bismuth-207 Radium-228 Hexachlorobutadiene 
Cadmium-1 09 Rubidium-83 Hexachloroethane 
Calcium-45 Ruthenium-1 06 m-Cresol 
Carbon-1 4 Samarium-1 51 Nitro benzene 
Cerium-1 39 Scandium-46 o-Cresol 
Cerium-1 41 Selenium-75 p-Cresol 
Cesium-1 34 Silver-108m Pentachlorophenol 
Cesium-1 35 Silver-1 1 Om 1,l -dichlorethylene 
Cesium-1 37 Sodium-22 1.2-dichlorethane 
Chromium-51 Strontium-85 Chlordane 
Cobalt-56 Strontium-89 Endrin 
Cobalt-57 Strontium-90 Heptachlor 
Cobait-58 Sulf ur-35 Heptachlor epoxide 
Cobalt-60 Tantalum-1 82 Lindane 
Copper-67 Technetium-99 Methoxychlor 
Curium-242 Thallium-204 Toxaphene 
Curium-243 Thorium-230 Benzene 
Curium-244 Thorium-232 Carbon tetrachloride 
Europium-1 52 Tin-1 1 3 Chlorobenzene 
Europium-1 54 Uranium-233 Chloroform 
Europium-1 55 Uranium-234 Methyl ethyl ketone 
Gadolinium-1 53 Uranium-235 Pyridine 
Germanium-68 Uranium-236 Tetracholorethylene 
Gold-1 95 Uranium-238 Trichloroethylene 
Hafnium-181 Uranium-depleted Vinyl chloride 
Hydrogen-3 (Tritium) Uranium-natural 2,4,5-TP (Silvex) 

Iodine-1 29 Yttrium-91 
Iridium-1 92 Zinc-65 TSCA CONSTITUENTS: 

Zirconium-95 Polychlorinated biphenyls Iron-55 
Iron-59 
Lead-21 0 TCLP INORGANICS: GENERAL INDICATORS: 
Manganese-54 Arsenic Solidlsoil pH 
Mercury-203 Barium Paint Filter Liquids Test 
Neptunium-237 Cadmium Oxidizerlreducer test 
Nickel-59 Chromium Cyanidelsulfide test 
Nickel-63 Copper Photoionizer "sniffer" test 
Niobium-94 Lead Pyrophoricity 
PI ut0 n iu m- 23 8 Mercury Shock sensitivity 
Plutonium-239 Selenium Air reactive 
Plutonium-240 Silver Water reactive 

1,Cdichlorobenzene Americium-241 Plutonium-241 

Iodine-1 25 Yttrium-88 2,4-D 

- 

Zinc 
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2.1.2.2 Receipt Sampling Frequencies . 
As stated previously, the NRC has tentatively agreed to accept existing "in-situ" data for 
demonstration of waste acceptance criterion compliance a t  the 1 1 e.(2) disposal facility. 
As a condition of Envirocare's groundwater permit, they must collect chemical samples as 
described below. 

Chemical analysis: One composite sample from each of the first 10 cargo 
containers or sea/lands and one composite sample for every additional 50,000 tons 
(which equates to one additional composite sample). 

2.2 RELATIONSHIP OF SAMPLING AND ANALYSIS ACTIVITIES TO THE EC-0230 
WASTE PROFILING PROCESS 

For the Silo 3 material, the initial Envirocare EC-0230 form will be generated from existing 
data taken from the OU4 RI. As progressive sampling results are obtained under this SAP, 
the Profile Record will be updated under a "living document" approach, if and when 
maximum concentrations during operations exceed those delineated in the Envirocare 
profile. If this situation occurs, Envirocare will be notified and a new profile update will be 
submitted to reflect the new ranges observed during operations. Material affected by this 
situation will not be shipped until authorization is provided by Envirocare. 

As stated above, operational decisions that rely on ex-situ information need to  be made 
under conditions that offer less lead time for updates to the Profile Record and/or 
adjustment of screening-parameter tolerance limits compared to an in-situ approach. 
Successful implementation requires effective coordination of the Profile Record updates 
with appropriate "hold points" for retaining affected material while Envirocare's update 
approvals are pending. Typical hold points include profile approval, analytical exceedances 
which require profile revision, and radiological exceedances requiring loading geometry 
configuration. Operating procedures will be prepared outside this SAP to describe this 
coordination and use of material hold points during operations. 

2.3 SILO 3 MATERIAL PRE-SHIPMENT CERTIFICATION 
__ 

Due to the dispersability and hazardous characteristics of the untreated Silo 3 material, 
Fluor Fernald is requesting that Envirocare perform pre-shipment certification of the Silo 3 
material. Under this approach, Envirocare would perform "remote sampling and analysis" 
of the Silo 3 material here at the FEMP in an effort to pre-certify compliance with the 
established Envirocare license and permit requirements. 

If pre-shipment certified compliance is approved for Silo 3 material, Envirocare will pre- 
certify the material to meet the WAC and assess the operations processes in place to 
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ensure the material will be within the estabtished parameters. Fluor Fernald would utilize 
the processes assessed and perform minimal sampling and analysis to ensure the material 
is within the established limits. 

2.3.1 Analytical Parameters 

Existing "in-situ" data will be utilized for demonstration of WAC compliance. The "remote 
sampling and analysis" approach for satisfying the conditions of Envirocare's groundwater 
permit is summarized below. 

0 Chemical Parameters: Conduct analysis for the eight RCRA metals (plus zinc) and the 
32 RCRA characteristic organics. 

2.3.2 Sampling Frequency 

The sampling frequency chosen to verify compliance with the pre-certified material is 
focused primarily on ensuring the material is homogenous and does not exceed 
Envirocare's permit and license limits. Samples will be collected from the process, to 
conduct the necessary chemical analyses required for waste disposition, at a frequency to 
mutually agreed upon by Fluor Fernald and Envirocare. The "remote sampling and 
analysis" process will be overseen by a certified Envirocare agent. 

2.3.3 Selection of Appropriate Laboratories 

Analyses will be conducted by a laboratory designated by Envirocare. This outside 
laboratory will be expected to meet the analytical turnaround times demanded by the 
project's needs, as well as meet requirements for Utah laboratory certification. 

2.4 SILO 3 MATERIAL ROUTINE SAMPLING AND ANALYSIS STRATEGY 

It is assumed that pre-shipment certification will be implemented for Silo 3 material; 
however, if this process is not feasible, Fluor Fernald will perform routine sampling and 
analysis of the untreated Silo 3 material to ensurethat the Envirocare license and permit 
requirements and applicable DOT requirements are being met. This section summarites- 
the sampling and analysis strategy (selection of analytes and sampling frequency) for the 
Silo 3 material under the SAP, should pre-shipment certification not be implemented. 

This version of the Silo 3 SAP presents those elements considered necessary to initiate the 
detailed WAC attainment demonstration process. If actual direct operating experience 
with the material indicates a need to revise any elements of the approach, an updated 
variance or, depending upon significance of the changeb), a revised SAP will be submitted 
to key affected parties (Envirocare, USEPA, and OEPA). 

Page 2-5 

0097 F:\WPWsl\P~hf-;rd\'sAEjlPLiN~ AND ANALYSIS PLAN-RevB.doc 
April 30, 2002 

~ - -~ ~ ~ -~~ 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 

' 17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

- "  39 
40 
41 
42 

FEMP-40430-PL-0009 

0 
Revision B 

April 30, 2002 

A key ingredient to  the success of the analytical evaluation$ involves the use of 
appropriate analytical methods and laboratories that can provide quick-response 
turnaround times to support real-time material dispositioning decisions. The packaged Silo 
3 material will typically reside in the overpack containers in a specified staging area until 
analytical results are received. Quick response laboratory methods and capabilities are 
imperative to disposition the Silo 3 material in a timely manner. 

2.4.1 Analytical Parameters 

Existing "in-situ" data will be utilized for demonstration of WAC compliance. A graded 
approach has been utilized to select appropriate analytes for material characterization, 
based on an adoption of Envirocare's receipt sampling analytes and a general knowledge 
of contaminant concentration levels indicated by the OU4 RI. This approach, developed to  
satisfy the conditions of Envirocare's groundwater permit, is summarized below. 

0 Chemical Parameters: Conduct analysis for the eight RCRA metals (plus zinc) and the 
32 RCRA characteristic organics. 

Routine sampling and analysis will require that the collected samples of Silo 3 material be 
sent to an off-site Utah-certified laboratory and analyzed for the identified analytes in 
Tables 2-2 and 2-3. Table 2-4 provides summary information on the sampling 
requirements associated with these samples, while Table 2-5 provides information on the 
proposed analytical methodologies. Minimum detection limits for these chemical 
parameters are delineated in the Sitewide CERCLA Quality Assurance Project Plan (SCQ). 

The results of the sample analyses and the existing "in-situ" data will be used to  manifest 
the material and show that the Silo 3 material is representative of the historical data used 
to profile the waste stream for disposal. 

2.4.2 Sampling Frequency 

Samples will be collected from the process, to conduct the necessary chemical analyses 
required for waste disposition, at a frequency based on an adoption of-Envirocare's receipt 
sampling frequency. The basis for the frequency of the sampling is t o  ensure the material 
is homogenous and does not exceed Envirocare's ,permit and license limits. 

Silo 3 material will be packaged in 3 yd3 soft-sided containers, placed in an overpack 
container, such as a cargo container or sea/land, 'and shipped by flatbed railcars. The 
current transportation approach assumes nine soft-sided containers (27 yd3) per overpack 
container and four overpack containers per flatbed railcar. Samples will be collected in- 
stream, prior to packaging of the material. On average, 45 yd3 of material will be 
packaged each day. e Page 2-6 
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TABLE 2-2- 
RO JTINE SAMPLE'ANALYSIS FOR SILO 3 MATERIAL 

Parameter Target Analyte List (See Table 2-31 

1" sampling phase: 

Each of f ie  1"' ten cargo containers or sedlands 
RCRA Metals and Organics A 

Subsequent samples: 

Every additional 50,000 tons 
RCRA Metals and Organics A 
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TARGET ANALYTE LIST 

A 
RCRA Characteristic Metals and Organics: 

Metals: 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 
Zinc 

Organics: 
1,4-dichIorobenzene 
2,4,5-trichlorophenol 
2,4,6-trichlorophenoI 
2,4-dinitrotoluene 
Cresol 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
m-Cresol 
Nitrobenzene 
o-Cresol 
p-Cresol 
Pentachlorophenol 
1 , l  -dichlorethylene 
1 ,Zdichlorethane 
Chlordane 
Endrin 
Heptachlor 
Heptachlor epoxide 
Lindane 
Methoxychlor 
Toxaphene 
Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
Methyl ethyl ketone 
Pyridine 
Tetracholorethylene 
Trichloroethylene 
Vinyl chloride 
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TABLE 2-4 
SUMMARY OF SAMPLE CONTAINERS, PRESERVATION, 

AND HOLD TIME FOR SILO 3 SAMPLES 

I Parameter Container Preservative Hold Time I 
TCLP metals 500 mL- widemouth glass jar Cool (2-6 degrees C) 180/180 days' 

TCLP organics 120 mL widemouth Cool (2-6 degrees C) 14/40 days' 

'For holding times listed as xxlyy days, the first number is the allowed holding time for extraction or 
preparation of the sample for analysis and the second number is the allowed holding time for analysis of the 
extract. 
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TABLE 2-5 
SUMMARY OF SILO 3 SAMPLE ANALYSES METHODS 

Standard Validation 
Analytical Turnaround support 

Level Parameter Method Time Laboratory 

TCLP Metals 
Extraction 

ICP 

GFAA 

Mercury 

SW-846, 

SW-846, 

SW-846, 

SW-846, 

1311 

3010A 

3020A 

7470A 

3 days 

3 days 

3 days 

3 days 

Off-Site 

Off-Site 

Off-Site 

Off-Site 

TCLP Organics SW-846, 10 days Off-Site B 
8 260,8 270 
8082,8 1 50 

ICP = Inductively coupled plasma 
GFAA = Graphite Furnace Atomic Absorption Spectrometry 
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The sampling approach is described below. Note that each composite sample is comprised 
of four random samples. 

0 

- 

Chemical analysis: One composite sample for each of the first 10 cargo containers 
or sealands and one composite for every additional 50,000 tons. 

This equates to four random samples collected for every nine soft-sided containers 
filled (for the first 90 containers) and four additional samples collected for the final 
1,000 yd3 to be packaged. 

2.4.3 Selection of Appropriate Laboratories 

Analyses will be conducted by an outside laboratory under contract to the FEMP. This 
outside laboratory will be expected to meet the analytical turnaround times demanded by 
the project's needs, as well as meet requirements for Utah laboratory certification. 

2.5 DEPARTMENT OF TRANSPORTATION HAZARD CLASS DETERMINATION 

The existing "in-situ" data will be used for verifying the appropriate DOT hazard class. This 
will be accomplished by verifying that the material meets the definition of LSA-II waste, as 
defined in 49 CFR 173.403, through determining if the material is essentially uniformly 
distributed, and through the analytical data by performing the following calculation: 

n 
1 (ai/Azi) C 1 0-6 
i = l  

Where ai is the activity per gram of the i radioisotope and A2i is the DOT A2 value of the i 
isotope. The existing data will provide the information required for DOT shipping 
determination. 

2.6 SAMPLE COLLECTION APPROACH 

The sample collection approach employed by this SAP is based on a total waste stream 
volume of 5,100 yd3 of Silo 3 material. 

Samples of the untreated Silo 3 material will be taken upstream of the two packaging 
stations and placed in wide mouth containers. Samples will be taken at a frequency 
described in Sections 2.3.2 and 2.4.2. The samples will be appropriately labeled (See 
Section 3.2) and submitted to the on-site FEMP Sample Processing Lab (SPL) for shipment 
to the off-site laboratory. Upon receipt at the off-site laboratory, composite samples will 
be analyzed for the appropriate analytes. If analytical results on the composite samples 
are acceptable, the corresponding samples may be returned to the FEMP for disposition. 
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Duplicate samples will be collected, for qmlity assurance purposes, at a one in 20 
frequency, as required by the SCQ fo i  Validation Support Level (VSL) B data. 
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3.0 SAMPLE IDENTIFICATION,' LABELING, AND CHAIN OF CUSTODY 

The data generated from the Silo 3 material sampling effort represents the waste stream 
to be sent off-site for disposal. This material must meet the receiving facility's 
requirements, permits, and licenses. In order to accomplish that, the data must be 
defensible, thereby requiring integrity of the sample and resulting data. 

The following sections discuss the means to ensure these requirements are met, should 
routine sampling and analysis be required. If "remote sampling and analysis" is 
established, sample identification, labeling and chain of custody requirements will be 
identified by Envirocare. 

3.1 SAMPLE IDENTIFICATION 

All samples collected for laboratory analysis will be assigned a unique sample identifier. 
This identifier will consist of a prefix designating the area name (Silo 31, followed by the 
container number, the sample sequence (1 through X, with a "-D" identifier for duplicate 
samples), and the type of sample ("TM" for TCLP metals, "TB" for trip blank, etc.). For 
example: 

0 Silo3-80-2-TM is the Silo 3 material from container #80, the second sample 
collected from the process, to be analyzed for TCLP metals. 

0 Silo3-40-1-TM-D is the Silo 3 material from container #40, is a duplicate of the first 
sample collected from the process, to be analyzed for TCLP metals. 

0 Silo3-TB-1 is the first trip blank collected and is associated with specific Silo 3 
material samples (identified through the chain of custody and field logs). 

3.2 SAMPLE LABELING 

Sample labeling will be conducted as directed in the Silo 3 procedures to be generated 
separate from this SAP. - ._ 

3.3 CHAIN OF CUSTODY . 

Silo 3 material samples will be collected by Silo 3 operations personnel under Silo 3 
operating procedures and entered onto a chain of custody prior to  forwarding the samples 
to the off-site laboratory for analysis. The procedure for completing and routing the chain 
of custody form can be found in FEMP procedure EW-0002, "Chain of Custody/Request 
for Analysis Record for Sample Control," and in Section 7 of the SCQ. 

. .  
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I 4.0 SAMPLE EQUIPMENT DECONTAMINATION 
2 
3 
4 

Sample equipment decontamination will be conducted as specified by the Silo 3 
procedures to be generated separate from this SAP. 
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5.0 QUALITY ASSURANCE/QUALITY CONTROL REQUIREMENTS 

QUALITY CONTROL SAMPLES, ANALYTICAL REQUIREMENTS, AND DATA 
VAL1 DATl ON 

5.1 

Field quality control samples include trip blanks and duplicate samples. Trip blanks will be 
associated with the collection of samples for volatile organic compound (VOC) analyses 
and will accompany these samples from the field to the laboratory. Trip blanks will 
identify any external volatile organic compound contaminants that the associated field 
samples may be exposed to during sample collection, processing, or analysis. Trip blanks 
will be collected once per each shipping container of VOC samples transmitted to an off- 
site laboratory. Duplicate samples will be collected for quality assurance purposes, at a 
one in 10 frequency. Sampling and laboratory analysis will be performed at VSL B. 

Analytical data may undergo a validation review as described in Section 7.0. VSL B 
validation activities will involve a review of sample collection logs and custody records, 
analytical results and quality control (QC) sample results to ensure the data satisfy 
relevant analytical performance specifications. 

A Quality Assurance (QA) representative will conduct independent assessments of the 
work process and operations by conducting surveillances. The assessments will 
encompass technical and procedural requirements of this SAP and the SCQ. Surveillances 
will be implemented by monitoring/observing ongoing project activities and work areas to 
verify conformance to specified requirements. Surveillances will be planned and 
documented according to the SCQ. 

5.2 PROJECT-SPECIFIC PROCEDURES AND MANUALS 

To assure consistency and data integrity, field activities in support of this SAP will follow 
the requirements and responsibilities outlined in controlled procedures (both Silo 3-specific 
and FEMP-site procedures) and manufacturers' operational manuals. 

5.3 IMPLEMENTATION OF FIELD CHANGES 

If field conditions require changes or variances to this SAP, verbal or written approval 
(electronic mail is acceptable) must be obtained from the appropriate managers and the 
appropriate QC representative before the changes may be implemented. Changes to the 
SAP will be noted in the applicable field or laboratory logs and on a Variance/Field Change 
Notice Form. The completed form, including the required signatures, must be completed 
and distributed to  the appropriate personnel within seven working days of the granted 
verbal or written approval. Laboratory variances will be handled and documented as 
specified in the SCQ. 

Page 5-1 
F\WPWGl\Pathf&ard\SAMPLHG AND ANALYSIS PLAN-RevB.doc 

,April 30, 2002 
_ _  ~- 



FEMP-40430-PL-0009 
Revision B 

April 30, 2002 

[This page intentionally left blank.] 

Page 5-2 

F:\WPWGl \Pathforward\SAMPLINQ AND ANALYSIS PLAN-RsvB.doc 
AprH 30,2002 .- - - - ..-_______ ___ _. _______ ~ 

0003 10 



4261, 

FEMP-40430-PL-0009 
Revision B 

April 30, 2002 

1 
2 
3 
4 
5 
6 
7 
8 

6.0 RECORD KEEPING 

Field documentation of recorded observations and findings during field activities will be 
conducted according to Silo 3 procedures to be generated separate from this SAP. 

All FEMP-generated records and documents will be generated, stored, and filed in 
accordance with the SCQ (which incorporates applicable DOE Orders) and FEMP 
procedures. 
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7.0 DATA MANAGEMENT AND REPORTING 

Data management will be conducted to meet the requirements of the project. The 
objective of the Silo 3 data management process is to compile field and analytical data, to 
develop a database for data retrieval, and to maintain records which can be used to 
demonstrate compliance with the specific (regulatory and contractual) requirements for 
shipment of Silo 3 material to Envirocare. The data management system utilized by the 
project is designed to ensure the following: 

0 Data and records accessibility. 
0 

0 Documented change control. 
0 Timely data reporting. 

Correctness and completeness of information. 

Existing integrated site database infrastructure will serve as the primary data management 
tools for the project and will be utilized to generate summary reports directly to meet 
operational needs and compliance reporting obligations. Specifically, 

0 the Fernald Analytical Computerized Tracking System (FACTS) will be utilized to 
manage on-site analytical data. 

the Windows Integrated Sample and Data' Management (WISDM) system will be 
utilized to track the sample process through the system. 

0 

0 the Sitewide Environmental Database (SED) will serve as repository for both off-site 
and on-site analytical data and related sampling and processing information. 

The appropriate waste tracking system will depend on the off-site disposal option and 
shipping container configuration. The Integrated Information Management System (IIMS) 
is used for bulk waste and SWIFTS is used for containerized waste. Use of these systems 
will be as directed by existing FEMP procedures. 

7.1 DATA REDUCTION AND MANAGEMENT 

Data reduction involves the process and the calculations used to convert raw field or 
laboratory measurements/analytical data into final results with proper reporting units. All 
data reduction processes and calculations will be documented in the project files, as 
necessary, to ensure that the final data output is reproducible and defensible. 
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7.1 .I Field Data Reduction and Management 

Field measurements that are direct readouts require no reduction or calculation. Such data 
will be entered into field logbooks immediately after the measurements are taken, as 
directed by Silo 3 procedures generated separate from this SAP. 

7.1.2 Laboratory Data Reduction and Management 

Analytical data are generated and reduced by extracting required information from 
laboratory worksheets, run logs, and instrument printouts and making necessary 
calculations to reduce the data to its final reporting concentrations. Sample results are 
calculated by using the equations provided in the approved analytical methods. In many 
cases, this is performed by proprietary equipment manufacturer software. All raw data . 
necessary to support the calculations and quality assurance are archived at the laboratory. 
This raw data must be readily available for inspection and auditing by interested parties 
such as regulatory agencies or quality oversight personnel. Data reduction and 
management will be conducted in accordance with Section I 1  of the SCQ. 

7.2 DATA VALIDATION 

0 The following sections provide a general discussion of the data validation process as it will 
be applied in the field and in the laboratory. Data validation is not a requirement of 
Envirocare; however, Fluor Fernald will perform data validation of the analytical results for 
the first shipment of Silo 3 material, prior to the material being released from site. Field 
data will be validated and a minimum of 10 percent of the analytical data from the- 
laboratory will be subject to analytical validation to VSL B requirements in the SCQ. 

Following this initial validation, QA surveillances will be conducted periodically to ensure 
the sample and analysis process is resulting in quality data. If additional validation is 
performed following the first shipment of Silo 3 material, a copy of the data results will be 
provided to Envirocare in parallel to validation of the data, to avoid any delays in shipment. 

7.3 SUMMARY REPORTING 

Summary reports will be generated for each sample or sample set as needed to fulfill 
regulatory and contractual obligations for the characterization and shipment of material. 
The reports may be issued electronically and/or hard copy to meet the operational needs 
and regulatory commitments of the Silo 3 project. Summary reports will be generated 
directly from the existing site database systems! which are integrated such that they allow 
for the easy development of individual reports that display data from all the systems. 
Precise reporting requirements will be refined as they become specifically known. 
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1 .O INTRODUCTION 

1 . I  PURPOSE AND SCOPE 

This plan describes how transportation and disposal operations will be evaluated to  ensure 
safe and successful staging and transportation of Operable Unit 4 (OU4) Silo 3 material 
from the Fernald Environmental Management Project (FEMP) to  Envirocare of Utah, Inc. 
(Envirocare) or the Nevada Test Site (NTS). Modes of transportation may include rail, 
motor carrier, or intermodal (i.e., a combination of rail and truck). This plan was prepared 
by Fluor Fernald, Inc. (Fluor Fernald) as a component of the Silo 3 Project Remedial Design 
(RD) Package. 

This plan serves to: ( 1 )  describe the transportation logistics associated with Silo 3 
material; (2) generally describe operational aspects of transportation plans to  demonstrate 
that Silo 3 material can be transported to  the designated disposal site safely, and in 
accordance with applicable regulations; and (3) identify design requirements and/or Silo 3 
Project design interfaces critical to  the implementation of transportation operations. 

Submittal of this Transportation and Disposal Plan complies with the requirements put 
forth in the Silo 3 Remedial Design Work Plan (40400-WP-0001,' Rev. 0, April 1998), 
which require an operational description of Fluor Fernald's responsibility for transportation 
and disposal of Silo 3 material. 

The transportation and dispoFal approach assumed as the basis for the RD Package is rail 
shipment of containerized, untreated Silo 3 material to  Envirocare for disposal. The Silo 3 
Explanation of Significant Differences (ESD) allows Silo 3 material to  be transported 
without treatment, as long as onsite pretreatment, in combination with packaging in 
accordance with Department of Transportation (DOT) regulations, results in a 
transportation risk less than 1 x l o6 .  An amendment to  the OU4 Record of Decision 
(ROD) is being initiated in parallel with the Silo 3 remedial design to  require onsite or 
offsite treatment only as required to achieve the waste acceptance criteria (WAC) of the 
NTS or an appropriately permitted commercial disposal fqcility (PCDF). 

At  this time, Envirocare is pursuing a modification to  their Nuclear Regula?ory Commission 
(NRC) license to  allow containerized, untreated Silo 3 material t o  be disposed in the 
1 le.(2) cell as oversized debris. If the Envirocare license modification is not obtained, 
another transportation and disposal option will be selected, such as: 

0 

0 

0 

0 

Disposal of untreated material in the low-level waste cell at Envirocare (no 
modifications required); 
Bulk disposal of untreated material at Envirocare under their current license (would 
require conditioning of the material for dispersability); 
Disposal of untreated material at the NTS; or 
Disposal at Envirocare or the NTS after treatment to  meet the WAC. 
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Operable Unit 1 is using rail to transport bulk waste to  Envirocare in covered, lined gondola 
cars. Shipments to  the NTS are currently being performed exclusively by truck. The 
FEMP has determined that direct shipment of Silo 3 material to  Envirocare by rail is the 
safest, most feasible, and cost-effective option (40400-RP-0007, Silo 3 Project Rescoping 
Evaluation and Recommendation). The current transportation and disposal approach 
assumes untreated Silo 3 material is packaged in 3 yd3 soft-sided containers, loaded into 
cargo containers or sea/lands and transported by flatbed railcars in the OU1 Waste Pits 
Remedial Action Project (WPRAP) unit train to  Envirocare. Direct shipment by truck to  
Envirocare and the NTS, as well as intermodal shipment to  the NTS (the NTS cannot 
accept direct rail shipment), have been included as alternative transportation options. 
Although the preference is to dispose of the Silo 3 material at Envirocare, safety, 
feasibility, and cost-effectiveness will be the determining factors in the final decision. 

Since this plan is specific to  transportation and disposal of Silo 3 material at Envirocare or 
the NTS, disposal at any other government or commercial site will require a revision of this 
Transportation and Disposal Plan to  reflect the receiving facility’s license and permits. 

1.2 PROJECT APPROACH 

Fluor Fernald is responsible for material retrieval and packaging; selection of the disposal 
facility and mode of transportation; analysis of the Silo 3 material for compliance with the 
ROD and disposal facility WAC; loading Silo 3 material for shipment; and transporting the 
Silo 3 material to  the disposal facility. Plans and requirements for completing this scope 
are described in the remainder of the RD Package. 

. 
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2.0 OFF-SITE TRANSPORTATION 

2.1 INTRODUCTION 

The FEMP will conduct its operations in compliance with applicable federal, state, local, 
and tribal requirements governing materials transportation, unless exemptions or 
alternatives are approved in accordance with the Department of Energy (DOE) Order 
460.1A and DOT regulations. A description of the Silo 3 waste form is included in 
Section 6.2. The Silo 3 material disposal strategy is t o  maintain the potential to  transport 
and dispose of the material at either Envirocare or the NTS in the event any of these 
options becomes less preferable or even unavailable. 

2.2 DEPARTMENT OF TRANSPORTATION REQUIREMENTS 

DOT regulations, under 49 Code of Federal Regulations (CFR) Part 1 73.403, categorize 
low specific activity (LSA) material into three classifications: LSA-I, LSA-II, and LSA-Ill. To 
be considered LSA material, the material need only meet criterion under one of the 
classifications. Evaluation of the radiological content of the Silo 3 material indicates this 
material meets one criterion for LSA-II material. Specifically, Silo 3 material is considered 
"other material in which the radioactive material is distributed throughout and the 
estimated average specific activity does not exceed 1 0-4 A2/g for solids ..." 

The results of the LSA-II determination on Silo 3 material are presented in Appendix A. 

The LSA determination drives the container requirements for packaging the Silo 3 material 
for off-site shipment to  a disposal facility. Based on the evaluation performed, the 
minimum packaging requirement for the Silo 3 material is an Industrial Packaging - Type 2 
(IP-2) container. Soft-sided IP-2 containers will be used to containerize the Silo 3 material 
for staging and subsequent shipment. The soft-sided containers will be placed in an 
overpack container, such as a cargo container or sea/land, to  facilitate handling and 
transport of the Silo 3 material. An IP-2 shipping container with liner is also an acceptable 
packaging alternative. 

2.3 MATERIAL TRANSPORT 

The mode of carriage (rail or highway) and carrier(s) will be selected to  meet the 
requirements of each shipment and provide safe, expeditious, and economical delivery to  
the final destination. 

For highway Route Controlled Quantities of radioactive materials, any truckload quantities 
of radioactive material, and hazardous waste in any quantity, only motor carriers with 
satisfactory ratings under the DOE Motor Carrier Evaluation Program (MCEP) will be 
considered. Vendors hired for segregation, packaging, transportation, and disposal are not 
included in this evaluation program. 
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The Silo 3 ESD allows Silo 3 material to  be transported without treatment, as long as 
onsite pretreatment, in combination with packaging in accordance with DOT regulations, 
results in a transportation risk less than 1 x lo6. 
2.3.1 Rail to  Fnv i r o c m  

Rail transportation to  Envirocare will include coordinating shipment of the Silo 3 material 
with shipment of the WPRAP unit train, utilizing the existing FEMP site rail infrastructure. 
Rail shipments will be conducted in accordance with 49 CFR Parts 200-266, Federal 
Railroad Administration. 

2.3.1.1 Routes 

The route to  be used for transportation of containerized Silo 3 material t o  Envirocare, via 
flatbed railcars in the WPRAP unit train, is shown in Figure 2-1. The route traverses the 
following states: Ohio, Indiana, Illinois, Missouri, Kansas, Nebraska, Colorado, Wyoming, 
and Utah. 

2.3.1.2 Risk and Safety Requirements 

A transportation risk assessment has been conducted comparing the risks associated with 
rail shipments of untreated Silo 3 material to  Envirocare. The assessment evaluated both 
potential risks associated with accident-free waste transportation (direct radiation) and the 
risks associated with an accident scenario. As documented in Appendix 6, the calculated 

specified by the Silo 3 ESD. 
excess cancer risk to  members of the general public for both scenarios meets the criteria . .  

It is assumed that transportation of treated Silo 3 material by rail t o  Envirocare would also 
meet the criteria specified by the Silo 3 ESD.' If treatment of the Silo 3 material is 
required, a transportation risk assessment will be performed to  document the risks 
associated with that approach. 

2.3.2 Motor Vehicle TransDort t o  Envirocm 

2.3.2.1 Routes 
0 

Currently, the FEMP does not ship waste to  Envirocare by truck; therefore, routes for 
transport of Silo 3 material to Envirocare via truck are not currently specified. The motor 
carrier transporting the material would be required to  stay on FEMP-specified routes. 

Page 2 - 2 
F:\WPWGl\Pathforward\TRANSPORT AND DISPOSAL PLAN-RevB.doc 
April 30, 2002 



Figure 2-1 
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Per 49 CFR 397 Subpart D, Routing of Class 7 (Radioactive) Materials, the truck route 
selected for shipment of radioactive material from the FEMP to  Envirocare shall ensure that 
the radiological risk is minimized. Accident rates, transit time, population density and 
activities, and the time of day and week which transportation will occur will be included in 
the radiological risk determination. 

2.3.2.2 Risk and Safety Requirements 

A transportation risk assessment comparing the risks associated with truck shipments of 
untreated Silo 3 material to Envirocare has been performed. The assessment evaluated 
both potential risks associated with accident-free waste transportation (direct radiation) 
and the risks associated with an accident scenario. As documented in Appendix B, the 
calculated excess cancer risk to members of the general public for both scenarios meets 
the criteria specified by the Silo 3 ESD. 

It is assumed that transportation of treated Silo 3 material by truck to  Envirocare would 
also meet the criteria specified by the Silo 3 ESD. If treatment of the Silo 3 material is 
required, a transportation risk assessment will be performed to  document the risks 
associated with that approach. 

2.3.3 Rail Transppdation to the NTS 

Rail transportation (intermodal) t o  the NTS was evaluated as part of the risk assessment 
for Silo 3 remedial alternatives and is provided in Appendix D of the OU4 FS, dated 
February 1 994. The assessment evaluated potential risks associated with accident-free 
waste transportation (direct radiation) and the risks associated with an accident scenario. 
As documented in the FS, the calculated excess cancer risk to  members of the general 
public for both accident scenarios meets the criteria specified by the Silo 3 ESD. 

An updated transportation risk assessment will be performed if intermodal transportation 
of Silo 3 material (untreated or treated) to  the NTS is the chosen transportation approach. 

Per 49 CFR Parts 200-266, Federal Railroad Administration, the routes selected for 
shipment of radioactive material shall ensure that the radiological risk is minimized. 
Accident rates, transit time, population density and activities, and the time of day and 
week during which transportation will occur should be included in the radiological risk 
determination. 

If rail transportation to  the NTS is necessary, shipments would be coordinated with the 
existing FEMP site rail infrastructure established to  ship waste material off-site. The use 
of existing rail shipment processes and infrastructure would be evaluated. 
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2.3.4 W t o r  Vehicle Transport t o  the NTS 

2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
1 4  
15 
16 
17 
18 
19  
20 
21 
22 

e:! 26 

27 
28 
29 
30 
31 
32 
33  
34 
35 
36  
37 

38 
39 
40 
41 
42 

2.3.4.1 Routes 

There is currently one northern route and two southern routes that could be used for 
transportation of Silo 3 material to the NTS via truck. Should the routes change, the 
motor carrier transporting the material will be required t o  stay on the specified routes. 

Northern Route Route No. 1 - 
Travel south on Route 128 from the FEMP and take 1-74 west t o  1-80; or travel south on 
Route 128 t o  1-74 west to  Indianapolis, IN. Take 1-70 west to  1-29 north to  1-80. Take I- 
80 west t o  Alternate US 93 south to  US 93. At Ely, NV, take US 6 to  Tonopah, NV. At  
Tonopah, NV, take US95 to the NTS Mercury Gate. 

The Northern Route traverses the following states: Ohio, Indiana, Illinois, Missouri, Iowa, 
Nebraska, Wyoming, Utah, and Nevada. 

Southern Route - Route No. 1 
Travel south on Route 128 from the FEMP. Take 1-74 west to  1-275 west/south. Take I- 
275 to  1-75 south t o  1-71 west to  Louisville, KY. From Louisville, KY take 1-64 west t o  St. 
Louis, MO. From St. Louis, MO follow 1-44 to Oklahoma City, OK. Take 1-40 through 
Kingman, AZ to  Needles, CA. Proceed north on US 95 into Nevada. Go west on NV 
164/Nipton Road t o  1-15. Proceed north on 1-15 and west on Route 160 t o  Route 95. 
Take Route 95 east t o  Mercury, NV. 

The Southern Route No. 1 traverses the following states: Ohio, Kentucky, Indiana, Illinois, 
Missouri, Oklahoma, Texas, New Mexico, Arizona, California, and Nevada. 

Southern Route - Route No. 7 
Travel south on Route 128 from the FEMP. Take 1-74 west t o  Indianapolis, IN. Take 1-70 
west t o  St. Louis, MO. From St. Louis, MO, take 1-44 to  Oklahoma City, OK. Take 1-40 
through Kingman, AZ to  Needles, CA. Proceed north on US 95 into Nevada. A t  NV 
164/Nipton Road proceed west to 1-1 5 at Baker, CA. Travel southwest on 1-1 5 t o  Baker, 
CA. Go north on CA 127 and NV 373 to  Amargosa Valley, NV. Take US 95 East from 
Amargosa Valley t o  Mercury, NV. 

The Southern Route No. 2 traverses the following states: Ohio, Indiana, Illinois, Missouri, 
Oklahoma, Texas, New Mexico, Arizona, California, and Nevada 

2.3.4.2 Risk and Safety Requirements 

A transportation risk assessment comparing the risks associated with intermodal 
shipments t o  the NTS for Silo 3 remedial alternatives is provided in Appendix D of the OU4 
Feasibility Study (FS), dated February 1994. The assessment evaluated both potential 
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risks associated with accident-free waste transportation (direct radiation) and the risks 
associated with an accident scenario. As documented in the FS, the calculated excess 
cancer risk to  members of the general public for both scenarios meets the criteria specified 
by the Silo 3 ESD. 

An updated transportation risk assessment will'be performed if transportation of Silo 3 
material (untreated or treated) by truck to  the NTS is the chosen transportation approach. 

2.3.5 -ernen& 

2.3.5.1 Department of Transportation Requirements 

The FEMP shall comply with applicable federal, tribal, state, and local regulations. Each 
package and shipment of hazardous materials for off-site shipment shall be prepared in 
compliance with 49 CFR 100-1 85, Hazardous Materials Regulations and the applicable 
tribal, state, and local regulations. 

2.3.6 -nt of Fnergv Reauirementg 

The primary DOE transportation and packaging requirements are contained in DOE Orders 
460.1 A, Packaging and Transportation Safety, and 460.2, Departmental Materials 
Transportation and Packaging Management. 

2.3.6.1 Rail 

The FEMP will use the same two  (2) Class 1 railroads (CSX Transportation, Inc. and Union 
Pacific Railroad Company) and follow the same procedures that the OU1 WPRAP Project 
uses. Minor revisions may be required to  the WPRAP procedures to  include Silo 3 
shipments. These procedures cover the inbound and outbound railcar inspections for 
federal rail regulations, the safe movement and storage of railcars, and the preparation of 
shipment documentation, among other activities. 

2.3.6.2 Motor Carrier 

The FEMP will participate in and use the DOE MCEP in the'selection of motor carriers as 
needed, or upon request from the DOE Field Element. Upon request from the DOE Field 
Element, the FEMP shall evaluate carriers, in accordance with the DOE MCEP. Carrier 
selection will be performed consistent with DOE Orders and 41 CFR 101-40, 
Transportation and Traffic Management. Shipments will be consolidated to  the extent 
practicable into larger shipping quantities or units whenever such arrangements will result 
in transportation or administrative economies. To the maximum extent practicable, the 
FEMP shall utilize the Automated Transportation Management System (ATMS) t o  perform 
transportation tasks and audits. 
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3.0 ON-SITE WASTE MANAGEMENT 

3.1 INTRODUCTION 

This section addresses the on-site management of the Silo 3 material, including the 
facilities, staging, inspections, and Silo 3 material container movements. The containers 
will be filled with Silo 3 material, weighed, labeled, placed in cargo containers or 
sea/lands, and staged for shipment t o  the off-site disposal facility. Samples will be taken 
prior to  packaging the Silo 3 material and confirmatory analysis performed to  verify that 
the Silo 3 material meets the disposal facility WAC. Once the Silo 3 Project receives 
verification that the material meets the disposal facility WAC, the Silo 3 material will be 
released for shipment from the FEMP. Individual containers of Silo 3 material and railcars 
(if shipped by rail) will be tracked using the existing on-site waste tracking databases. 

3.2 FACILITIES 

Portions of the existing Interim Storage Area (ISA) pad, not utilized for the Silo 3 facility, 
will be used for staging filled Silo 3 material containers while awaiting results of 
confirmatory sampling. Once the containers have been approved for disposal, they will be 
prepared for shipment. The Silo 3 Project continues to  evaluate options available for the 
staging of Silo 3 material relative t o  changing site funding and land use scenarios. 

3.2.1 Rail Trans- 

Once approved for disposal, the Silo 3 material containers will be transported to  the FEMP 
Track 12 rail loading area and placed on flatbed railcars. Figure 3-1 shows the location of 
the Silo 3 work area, container staging area, and rail loading area. Once loaded, the 
railcars will be moved to  the WPRAP rail facility and placed in the unit train. No new 
facilities are required for shipment by rail. Minor upgrades to  the track will be made to  set 
the track at grade with the Haul Road and switches will be installed for support of the 
Silos 1 and 2 Project. 

3.2.2 Motor Vehicle T r a m  

Once approved for disposal, the Silo 3 material containers would be transferred to  a 
second pad (either existing or new) on-site for continued staging and loading of containers 
for shipment. 

3.3 STAGING AND INSPECTIONS 

Although the Silo 3 material is 1 1 e.(2) by-product material, and therefore exempt from 
regulation under Resource Conservation and RecoGery Act (RCRA), the OU4 applicable, 
relevant and appropriate requirements (ARARs) require compliance with certain substantive 
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requirements of the RCRA regulations. Staging and inspections will be performed 
consistent with these ARARs and other applicable site procedures. The following are the 
substantive requirements from the RCRA container management regulations that need to  
be met for management of containers of Silo 3 material, and secondary waste containing, 
or contaminated with, Silo 3 material. 

The containers must be made of, or lined with, materials that are compatible with 
the material t o  be stored in the container. 

Access to  the container staging area must be controlled (e.g., locked building, 
fenced or roped off pad, etc.). 

Documented inspections of the staging area for deteriorated containers, leaks, 
etc. must be conducted on a weekly basis. 

Documentation of all inspections must be retained and available. 

Spill response equipment must be located in the area. 

Emergency procedures must define response to emergencies (fires, etc.) in the 
area; these procedures must be incorporated into the RCRA Contingency Plan. 

The staging area must be constructed/operated in a manner that protects the 
containers from the contact with accumulated liquid. 

Containers must be handled in a way that prevents rupture, leakage, or spillage 
and must remain closed during staging. 

The duration of interim (outdoor) staging of containers will be minimized t o  the extent 
possible. Approximately t w o  or three weeks will elapse from the point of material 
packaging until the time results from confirmatory sampling indicate whether the Silo 3 
material meets the disposal facility WAC. During this time the containers will be staged on 
the ISA Pad or another on-site staging location. Once the containerized material is 
characterized and manifested, and WAC certified, the containers will be loaded for 
shipment. 

3.4 CONTAINER MOVEMENTS 

Once the Silo 3 material is containerized, weighed, labeled, and placed in cargo containers 
or sea/lands, the containers will be moved to  the ISA pad or another on-site staging 
location. Prior t o  release from the FEMP, the loaded containers will remain at the staging 
area until the material is certified to  meet the disposal facility WAC. Sample analysis 
results for containers not meeting the WAC requirements will be further analyzed and the 
containers segregated from the rest of the loaded containers until disposition is 
determined. Containers meeting the requirements will be transported to  the shipment 
loading area. 
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Once an inventory of material is approved for shipment, the final shipping certification will 
occur prior t o  loading. Depending on the transportation mode chosen (rail or truck), 
containers will be loaded onto an acceptable transport conveyance, such as flat bed rail 
cars, box cars, gondola cars, flat bed trucks, or vans using fork trucks or other necessary 
heavy equipment. Silo 3 rail shipments would be coordinated with the existing FEMP site 
rail infrastructure established to ship WPRAP waste off-site. 

After the soft-sided containers are removed from the cargo container or sea/land at the 
disposal facility, the emptied containers will be decontaminated and returned to  the FEMP 
for re-use. Upon return to the FEMP, the empty containers will be unloaded from the 
transport conveyance using fork trucks or other necessary heavy equipment and 
transferred to  the Silo 3 work area for use. 
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4.0 HEALTH AND SAFETY 

2 4.1 INTRODUCTION 
3 
4 
5 
6 
7 
8 

The focus of this section will be the Health and Safety approach for on-site transportation 
operations-related activities. The overall on-site project Health and Safety responsibility 
lies directly with the DOE, Fluor Fernald, and its contractors. The specific functional areas 
of safety addressed in this section are Nuclear and Systems Safety, Occupational Safety 
and Health, Radiological Protection, and Security. 
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4.2 NUCLEAR AND SYSTEMS SAFETY 

The FEMP Nuclear and System Safety Program is identified in RM-21 16, System Safety 
Requirements and is implemented by Fluor Fernald through site procedures. An evaluation 
will be required of any existing safety analysis documentation for applicability. Safety 
analyses are performed to  help ensure the health and safety of the public, the workers, 
and the environment. 

The WPRAP shipping area has been categorized in accordance with DOE-STD-1027-92, 
Hazard Categorization and Accident Analysis Techniques for Compliance with DOE Order 
5480.23, Nuclear Safety Analysis Reports. Based on the categorization, the level of 
safety basis documentation required has been identified. It is assumed that Silo 3 material 
can be shipped and handled under the existing WPRAP safety basis documentation. 

. .  . .  

Safety analysis documentation has also been developed at the FEMP and approved for 
staging of material, motor vehicle transport, and rail shipping activities. 

4.3 OCCUPATIONAL SAFETY AND HEALTH 

The FEMP Occupational Safety and Health Program requirements are defined in the RM- 
0021, Safety Performance Requirements (SPR) Manual. The SPRs apply t o  activities at 
the FEMP. SPRs identify requirements established by federal, state, and local regulations, 
in addition t o  requirements from DOE Orders and Best Management Practices established 
by Fluor Fernald through experience, lessons learned, and employee input, SPRs identify 
safety and health standards for assessing and planning work at the FEMP. SPRs contain 
guidelines on what must be done to  safely execute work and are not intended t o  specify 
how to execute work. The Fluor Fernald Silo 3 Project team will implement the SPRs by 
incorporating their requirements into any project-specific procedures and contracts that 
will be developed to  guide the performance of transportation activities. Silo 3 material 
shipment will be performed in accordance with existing WPRAP procedures, which 
incorporate the required SPRs. 

Project-specific safety and health requirements will be developed as the details of the 
project unfold. For planning purposes, however, existing SPRs are being used as the basis 
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for health and safety on this project. The SPRs and additional project-specific safety 
requirements are incorporated into planning documents and implementing procedures. 

4.4 SAFETY PRECAUTIONS 

This section addresses safety precautions related to  staging, rail operations, and motor 
vehicle transport activities involving Silo 3 material. 

4.4.1 Stagha of the Silo 3 Material 

The Silo 3 material will be transported directly from the cargo loading area to  the ISA pad 
or other on-site staging location. From there, the containers will be prepared for transport 
t o  the shipment loading area. 

A hazard analysis has been performed for these types of activities in other areas of the 
FEMP. The Silo 3 Project team will use as much of those analyses as possible. Further 
project-specific hazard analyses will be performed as part of the Silo 3 Operational Health 
and Safety Plan and the results will be used to  identify controls and mitigators, as 
necessary. The controls and mitigators will be incorporated into project documentation 
(e.g., design, plans, and procedures). 

4.4.2 Rail TransDortation 

If shipping by rail, the FEMP will employ the existing site rail service, including plans and 
procedures utilized by WPRAP. 

Hazard analyses have been performed by WPRAP, and controls and mitigators identified, 
for these activities. The FEMP will review and update these analyses, as necessary, t o  
identify specific hazards and incorporate controls and mitigators identified for the shipping 
operations. 

4.4.3 Motor Vehicle TransgQd 

If it is determined that motor vehicle transport is the preferred method of transport, the 
FEMP will use existing FEMP programs and procedures for these activities. 

Hazard analyses have been performed, and controls and mitigators identified, for these 
activities. The FEMP,will review and update these analyses, as necessary, t o  identify 
specific hazards and incorporate controls and mitigators identified for the shipping 
operations. 
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4.5 RADIOLOGICAL PROTECTION 

Equipment and material, including containers of Silo 3 material, will be released from the 
Silo 3 facility when the exterior of the item meets DOT surface contamination limits. 
Therefore, it is planned that shipping activities will take place in a Controlled Area. FEMP 
Radiological Control Technicians (RCTs) will conduct routine radiological surveys to  ensure 
contamination levels are maintained below Contamination Area limits. The exterior of 
each container (soft-sided containers or cargo containers) will be surveyed by FEMP 
Radiological Control for compliance with DOT regulations and Fluor Fernald Radiological 
Protection Program (RPP) requirements. Exterior non-f ixed contamination levels will be 
determined per 49  CFR 173.443, Contamination Control for shipments and 10 CFR 835, 
Occupational Radiation Protection for staging. Once the containers have been surveyed 
and are ready for release, the containers will be transported to  the ISA Pad or other an-site 
staging location. 

If the equipment or material in the Controlled Area exceeds Contamination Area levels, a 
Contamination Area will be established and a new Radiation Work Permit (RWP) will be 
issued. The RWP will define the level of anti-contamination clothing and RCT coverage 
required. If decontamination is feasible, decontaminating the work surface t o  a level 
below Contamination Area limits will eliminate the need for routine wearing of anti- 
contaminating clothing and reduce the RCT coverage requirements. If/when 
Contamination Areas are established, whole body monitoring will be required for exiting 
the area. Immediately following the completion of work, the area will be decontaminated, 
as necessary, and surveyed for the purpose of down-posting. 

As the shipment loading area for the Silo 3 material is identified in further detail, more 
detailed project-specific radiological control requirements will be developed. These 
requirements will be incorporated into procedures and work permits. 

4.5.1 A~cess  of Personnal 

Only necessary personnel with the appropriate training will be given access t o  the 
radiologically-controlled areas. The crew will ingresdegress through a radiological control 
point and will be subject t o  personal contamination monitoring upon exit. Incidents of 
personal contamination will be addressed per existing, approved site procedures. 

4.6 SECURITY 

Areas where Silo 3 material will be loaded and staged pending the completion of shipment, 
will be fenced and provided with the appropriate levels of security and lighting. FEMP 
security monitors site access by using stationary posts, conducting walking, driving, and 
perimeter patrols on a 24-hour basis. 
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5.0 EMERGENCY RESPONSE 

5.1 INTRODUCTION 

This section documents the emergency response procedures that are in place to  respond 
to  transportation accidents involving shipments of Silo 3 material. The scope of this 
discussion focuses on off-site occurrences and references procedures for on-site 
occurrences. 

DOE Order 1 5 1 . I ,  Comprehensive Emergency Management, provides for a DOE 
Emergency Management System (EMS). Pursuant to  this order, DOE must maintain a 
Transportation Emergency Preparedness Program that enhances and integrates 
transportation emergency preparedness capabilities within the EMS. The Transportation 
Emergency Preparedness Program has been established at DOE headquarters. The FEMP 
has a similar program. The Transportation Emergency Preparedness Program ensures that 
an adequate DOE response to  transportation incidents involving DOE materials is 
performed and that DOE'S responsibilities under the NCP and the Federal Radiological 
Emergency Response Plan are adequate. The Transportation Emergency Preparedness 
Program also provides technical advice and assistance as required for transportation 
incidents involving radioactive wastes. 

5.1.1 P e D a W n t  of Energy Rea-ents 

The primary DOE requirements are contained in DOE Orders 460.1 A, Packaging and 
Transportation Safety, and 460.2, Departmental Materials Transportation and Packaging 
Management, which qover DOT requirements that regulate the operations and activities 
associated with the transportation and packaging of hazardous materials in interstate and 
intrastate commerce. 

DOE Order 435.1, Radioactive Waste Management and associated manual DOE M 435. 
1-1, Chapter IV, Section L.2, Transportation, also state that the volume of waste and 
number of waste shipments shall be minimized to  the extent practical. This requirement 
was considered in development of the Silo 3 waste form and associated transportation 
planning. 

5.2 FEMP EMERGENCY RESPONSE PREPAREDNESS PLANS 

The FEMP Transportation Emergency Plan (TEP), PL-3043, is part of the DOE-FEMP 
Transportation Emergency Preparedness Program. The FEMP TEP provides a centralized 
program approach to  off-site transportation emergency response including products, 
samples, waste, and rail shipments. 

The FEMP TEP describes the overall DOE/FEMP process developed for the coordination of 
response efforts to  off-site transportation incidents. This assistance planning is 
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accomplished by adherence to  applicable federal, state, and local transportation-related 
emergency response requirements, plus utilizing existing DOE programs designed to  
protect the well-being of citizens and the environment from accidental release of 
transported materials. 

Procedures for on-site emergencies are addressed in PL-3020, FEMP Emergency Plan, 
which details the procedures to  be followed at the FEMP in the event of an accident or 
emergency, highlights FEMP safety features, and governs the spill response actions. The 
FEMP Emergency Plan is distributed to  participating mutual aid organizations, such as local 
fire departments and hospitals, in the general vicinity of the FEMP. Additionally, PL-2194, 
the FEMP Spill Prevention Control and Countermeasure Plan will be implemented 
accordingly for incidents on, or in close proximity to, the FEMP. 

5.3 EMERGENCY RESPONSE FOR THE FEMP OFF-SITE SHIPMENTS 

A Silo 3 material shipment will become an off-site shipment at the point when the entire 
shipment crosses the facility boundary. When the shipment is off-site, the rail or motor 
carrier will be responsible for providing emergency response support to  the local authorities 
in proximity of any incident. The carrier also has contractors available for containment and 
cleanup as necessary. DOE will advise and provide support as requested by the local 
response authority (49 CFR 1 74.750). Local response personnel including police, 
firefighters, and emergency responders, typically are the first to  arrive on the scene of an 
incident. They must be provided with the technical information needed by first responders 
to  accurately identify the hazards involved in the incident. Information contained in the 
shipping papers includes source terms, health and safety concerns, and recommended 
protective actions. The information is consistent with the DOT, Research and Special 
Programs Administration publication, North American Emergency Response Guidebook, 
Guide 162. 

The following is an overview of the emergency response responsibilities of the rail and 
motor carriers, DOE, individual states, and the FEMP to  support local authorities at an 
accident scene. 

1. Carriers 
- Trained in accordance with DOT Emergency Response Guidebook and the 

carrier's respective Emergency Response Plans 
Stabilize situation 
Provide notification of incident to  carrier home office - 

- Provide notification to  FEMP/DOE 

2. Carrier Emergency Response Organization 
Make appropriate additional notification (local authorities, DOE, etc.) 
Dispatch Emergency Response Personnel to the scene to support On-Scene 
Commander 
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Mobilize strategically positioned emergency response subcontractors, if 
necessary 
Responsible for Recovery Actions 

Local Authorities 
Typically function as the On-Sce'ne Commander 

State Emergency Response Organizations 
Each state possesses an Emergency Response Organization capable of 
responding to radiological emergencies 

DOE Regional Radiological Assistance Teams 
- Eight Radiological Assistance Teams across the United States 

Provide On-Scene Commanders with support in terms of radiological 
monitoring, communications, and information coordination during an 
emergency 
Consist of DOE and contracted personnel possessing expertise in health 
physics, public information, and communications 

- 

The FEMP TEP is activated when the carrier or the local response organizations contacts 
the FEMP to  notify DOE that an incident has occurred. The 24-hour emergency phone 
number provided on the bill of lading, as required by 49 CFR 172.604, Emergency 
Response Telephone Number, is a direct telephone line to  the FEMP Communications 
Center. 

The FEMP Communications Center provides communication capability for the FEMP, 
monitors conditions, and makes notifications as required. The FEMP Communication 
Center establishes and maintains direct communication with the On-Scene Commander 
and the FEMP Assistant Emergency Duty Officer (AEDO) until the Emergency Operations 
Center (EOC) is activated. 

The FEMP EOC is activated at the direction of the AEDO or Emergency Duty Officer (EDO) 
for events categorized at the emergency level, including transportation events and for non- 
emergency events at the discretion of the EDO. The EOC officially becomes operational 
when the Emergency Director or Deputy Emergency Director arrives on the scene, 
determines that sufficient personnel are available to  manage the response, and declares 
the EOC operational. The combined efforts of EOC staff members provide support, 
guidance, and direction to  the On-Scene Commander in the field. The EOC staff assumes 
responsibilities such as making protective action recommendations, providing notifications, 
and obtaining necessary resources, as required by the specific circumstances of the event. 
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5.3.1 W M o t o r  Carriers 

Rail and motor carriers maintain Emergency Response Plan(s), which outline the 
procedures the carrier's employees must take in the event of an incident. The. plan 
includes notification responsibilities, emergency response procedures for personnel on the 
scene, environmental considerations, and additional precautions t o  take in the event of an 
incident. DOE, as the shipper, will be notified by the carrier immediately should an 
incident occur. Both the carrier and DOE will initiate emergency procedures upon 
notification. 

The Emergency Response Plans for the t w o  railroads utilized for shipment t o  Envirocare 
(CSXT and Union Pacific) are on file at the FEMP. 
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6.0 WASTE DISPOSAL 

6.1 INTRODUCTION 

This section discusses disposal of Silo 3 material at Envirocare or the NTS and the related 
regulatory and waste acceptance information. 

6.2 SILO 3 MATERIAL QUANTlTlES/CHARACTERlSTICS 

Silo 3' contains approximately 5,100 yd3 of material that was generated at the FEMP 
during uranium extraction operations in the 1950s. Samples collected from Silo 3 indicate 
the presence of significant activity and concentrations of the radionuclides within the 
uranium decay series, confirming prior process knowledge. The predominant radionuclide 
of concern identified within Silo 3 is Th-230, a radionuclide produced from the natural 
decay of Uranium-238. Approximately 450 curies of Th-230 are distributed within the Silo 
3 material. (Note: The 450 curies is a mean inventory value. The 95% upper confidence 
limit inventory value is approximately 530 curies. For most determinations, the upper 
confidence limit values are used for conservatism.) 

The Silo 3 material is classified as 1 le.(2) by-product material under the Atomic Energy 
Act (AEA), of 1954, as amended, because the material resulted from the processing of 
uranium ore concentrate and is specifically exempt, as defined, from regulation as solid 
waste under RCRA, 40 CFR 261.4(a)(4), Identification and Listing of Hazardous Waste, 
Exclusions. Since Silo 3 material is not a solid waste, requirements under RCRA are not 
"applicable". 

Some analyses of Silo 3 material, documented in the OU4 Remedial Investigation (RI), 
identify levels of arsenic, cadmium, chromium and selenium at levels that exceed the 
RCRA Toxicity Characteristic (TC) limits. Data from the OU4 RI also identifies that Silo 3 
material contains other RCRA-regulated metals such as beryllium, nickel, and thallium. 
The levels of these other metals do not exceed the RCRA TC limit. Concentrations of 
beryllium are below the 0.1 percent level as defined in 10  CFR 850, Chronic Beryllium 
Disease Prevention Program. Although several metals exceed the RCRA TC limits, Silo 3 
material that is managed and disposed as 1 le.(2) by-product material is not governed by 
RCRA and therefore is not prohibited from exhibiting RCRA characteristics. 

The basis for the RD Package is disposal of Silo 3 material, without treatment, in 
accordance with the disposal facility WAC. An amendment to  the OU4 ROD is being 
initiated in parallel with the Silo 3 remedial design to  require onsite or offsite treatment 
only as required to  achieve the WAC of the NTS or an appropriately permitted commercial 
disposal facility (PCDF). If this disposal approach becomes infeasible, the Silo 3 material 
would have to be treated prior to  disposal. In that case, the material would be shipped 
off-site by rail or truck as described in Section 2.2 and Envirocare or another off-site 
facility contracted to  treat the material. 
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6.3 DISPOSAL OF SILO 3 MATERIAL 

At this time, Envirocare is the only PCDF capable of disposing untreated Silo 3 material. 
Envirocare has obtained a license modification to  accept Th-230 activity up to- 60,000 
pCi/g and is in the process of obtaining a license modification to  allow disposal of over- 
sized debris in the 1 le.(2) cell. A recent revision (Revision 4) of the NTS WAC, however, 
may allow management and disposal of untreated Silo 3 material at the NTS as 1 le.(2) 
material. 

Should the option to  transport and dispose of untreated Silo 3 material become infeasible, 
the Silo 3 material would have t o  be treated to  meet the appropriate disposal facility WAC. 
Both Envirocare and the NTS are capable of disposing of treated Silo 3 material, should 
treatment be necessary. 

6.3.1 Envirocm 

This section provides information pertinent to  the disposal of Silo 3 material at Envirocare. 
This section will describe regulatory requirements, Envirocare waste acceptance, and the 
receipt of waste at Envirocare. This section description is based on existing FEMP 
experiences. 

Silo 3 material is proposed for shipment and disposal at Envirocare without treatment. 
Envirocare is in the process of performing an engineering study/evaluation for placement of 
three - 20  yd3 bags of untreated Silo 3 material in the 1 le. (2) cell. 

Sampling and analysis of the Silo 3 material will be performed to  ensure that the material 
being offered for disposal meets the Envirocare WAC. Therefore, only material that meets 
the disposal facility WAC will be accepted for transportation and disposal under this plan. 

Due to the dispersability and hazardous nature of untreated Silo 3 material, efforts wit1 be 
taken to  accommodate Envirocare in performing "remote sampling" of the Silo 3 material 
at the FEMP in an effort to  pre-certify compliance with the established WAC and license 
limits. 

6.3.1.1 Regulatory Information 

The NRC, as well as certain state agencies given the authority by the NRC, has the 
authority to  permit commercial disposal facilities to  dispose of radioactive materials, 
including low-level radioactive waste (LLW), Naturally Occurring Radioactive Material 
(NORM), and 1 1 e.(2) by product material. WAC, license limits, and other requirements are 
established to  regulate disposal of specified categories of radioactive materials. In 
permitting the disposal of radioactive materials at a PCDF, the regulatory agency with 
authority over the facility determines and ensures that disposal of the specified material is 
in accordance with the criteria and is protective of human health and the environment. 
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Envirocare is licensed by the NRC to dispose of 1 1 e.(2) by-product material. The WAC for 
Envirocare's 1 1 e.(2) and LLW disposal cells specify radionuclide concentration limits and 
other criteria t o  ensure that material accepted for disposal in these cells will meet the 
requirements of the NRC license. 

Appropriate documentation must be provided in writing prior to  shipping activities. 
Accordingly, packaging and transportation of shipments to Envirocare for disposal must be 
in compliance with DOE Order 435.1, "Radioactive Waste Management," 40 CFR and 49 
CFR." As applicable, other federal, state, and local requirements, including generator site 
requirements, must be met. 

6.3.1.2 Envirocare Waste Acceptance 

Prior to  determining waste stream acceptability a t  Envirocare for disposal, the proposed 
waste stream would be completely and accurately characterized, including sampling and 
analysis, as necessary. Once the waste is adequately characterized, a waste profile will 
be developed and submitted for the waste stream proposed for disposal at Envirocare. 
Information entered into this profile provides Envirocare with an understanding of the 
physical, chemical, and radiological properties of the waste material. Additionally, the 
history of the waste, and the process by which the waste was generated, will be fully 
documented in' the profile. 

Once the information is documented, the profile will be submitted to  Envirocare for review 
and approval. The technical review will evaluate the waste stream based on its physical, 
chemical, and radiological properties. In addition, the waste stream will be evaluated upon 
the existing or desired shipment packaging and mode of transportation. This portion of 
the review process is to help determine if the waste stream is acceptable and if any 
handling is necessary to  accept and dispose of the waste. 

6.3.1.3 Receipt of Waste at Envirocare 

Once the generator has received profile/waste stream approval, delivery must be 
scheduled. The first step would be contacting the Scheduling Department at Envirocare. 
A written request must be provided a minimum of five working days prior t o  the arrival of 
each shipment. In addition to  this advance notice, the generator must provide advance 
copies of the Uniform Low-Level Radioactive Waste Manifest (NRC 540 and 541) and 
other shipping documents at least three days prior to  the scheduled arrival date. 

6.3.2 Nevada Test S iQ 

This section provides information pertinent t o  disposal of Silo 3 material at the NTS. This 
section will describe regulatory requirements, the NTS waste acceptance, and the receipt 
of waste at the NTS. 
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6.3.2.1 Regulatory Information 

The DOE, Nevada Operations Office, and Nevada Test Site Waste Acceptance Criteria 
(NTSWAC) establish the requirements for disposition of waste a t  the NTS. Additionally, 
the NTSWAC, DOE/NV-325, Revision 4, requires that packaging and shipments t o  the NTS 
be performed in accordance with DOE Order 435.1, "Radioactive Waste Management", 40 
CFR, and 49 CFR. As applicable, other federal, state, and local requirements, including 
generator site requirements, must be met. 

The Comprehensive Environmental Response, Compensation and Liability .Act (CERCLA) 
Off-Site Rule is found in CERLCA Section 121 (dI(3) and promulgated at 40 CFR Part 
300.440, Procedures for Planning and Implementing .Off-Site Response Actions. The 
CERCLA Off-Site Rule requires that waste from a remedial action that is shipped off-site 
for treatment and/or disposal be transferred only t o  those units at a facility that (1) are 
operating in compliance with RCRA and other applicable federal and state requirements, 
and (2) do not have any uncontrolled releases of hazardous waste or constituents. The 
rule applies t o  any remedial action involving the transfer of hazardous substances, 
pollutants, or contaminants as defined under CERCLA Sections 101 (1 4) and (33) pursuant 
to  any CERCLA authority, including cleanups at federal facilities [40 CFR Part 
300.440(a)(1)1. 

In a letter dated July 7, 1998, the EPA Region 9 granted approval to the NTS t o  dispose 
of CERCLA waste from DOE facilities in waste management areas 3 and 5, in accordance 
with the above-mentioned Off-Site Rule. As clarification, the EPA Region 9, in a letter 
dated December 4, 1998, stated that the CERCLA Off-Site Rule approval for the NTS 
waste management areas 3 and 5, included management of small volumes of 1 le.12) by- 
product materials f rom 'Fernald OU4 as low-level waste under the provisions of Chapters 111 
and IV of DOE Order 435.1, or any subsequent applicable DOE directive. 

Silo 3 material has been determined by DOE to  be 1 le.(2) by product material. DOE Order 
435.1 allows small volumes of 1 1 e . (2 )  material to  be managed at the NTS as low level 
waste in accordance with their low level waste WAC. Historically, the NTS WAC required 
that low level waste accepted for disposal could not "exhibit a hazardous waste 
characteristic" and therefore would not allow disposal of untreated Silo 3 material. 

A recent revision (Revision 4) of the NTS WAC, however, may allow management and 
disposal of untreated Silo 3 material at the NTS as 1 le . (2)  material. The current WAC 
has removed the criterion that waste not exhibit a hazardous waste characteristic, and 
now specifies only that "waste regulated under title 40 CFR 261-268 and state of Nevada 
hazardous waste regulations shall not be accepted for disposal ." Discussions with NTS 
indicate that contingent upon a site-specific protectiveness demonstration, the presence of 
metals levels above TC limits in 1 le.(2) material does not necessarily preclude disposal of 
1 le.(2) material under Revision 4 of the NTS WAC, 
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DOE/Nevada Operations Office requires that prior to  generator approval to  ship waste to  
the NTS, they must develop a certification program to ensure waste is compliant with the 
requirements of the NTSWAC. The process used by DOE/Nevada Operations Office for 
approval of a generator’s certification program includes program reviews and evaluations 
of implementation at the generator‘s facility. 

Once the generator has an approved program, a waste profile must be developed and 
submitted for each waste stream that is to  be disposed a t  the NTS. These profiles provide 
the NTS with an understanding of the characterization and quantities of the material. If 
the profiles as stated are approved, the generator is then notified in writing of the 
authorization and packaging and shipment may commence. 

The generator’s Waste Certification Official and his designees, in accordance with the 
Waste Certification Program Plan, will provide oversight of any packaging and shipping 
operations that are performed to ensure and document that requirements have been met 
for waste disposal at the NTS. If requirements are met, then the waste packages, the 
documentation packages, and the transport vehicles are ”certified“ in accordance with the 
NTSWAC and Fluor Fernald requirements and released for transport to  the NTS. 

The NTS performed a Performance Assessment per DOE Order 435.1 on Area 5, which 
established volumetric radionuclide concentration limits. Informal review indicates treated 
Silo 3 material meets the radionuclide concentration limits. and could be disposed in Area 
5. , .  . .  

6.3.2.3 Receipt of Waste at the NTS 

Once the waste generator has received approval to  ship and has performed certification 
activities to  release shipments for disposal, the generator must notify the NTS Manager to  
arrange for transfer of the waste and accompanying records. 

Prior t o  shipment, certain records must be sent electronicqlly . Pre-notification information 
such as time of departure, estimated time of arrival; carrier, trailer, and security seal 
numbers: description of load; waste type; and,a copy of the Package Storqge and Disposal 
Request. 

Once the shipment arrives at the NTS (Mercury location), the driver must provide a copy 
of the Nuclear Materials Transaction Report, completed proper shipping papers with 
shippers certification, original Package Storage Disposal Request, and an appropriate 
Waste Certification Statement signed by the Waste Certification Official or an alternate 
designee (Alternate Waste Certification Official). Once these documents are reviewed and 
accepted, the shipment may be unloaded at the disposal location. 

Page 6 - 5 

F:\WPWGl \Pathforward\TRANSPORT AND DISPOSAL PLAN-RevB.doc 
April 30, 2002 



1 

i 

FEMP-40430-PL-0008 4 2 6 7  
Revision B 

April 30, 2002 

[This page intentionally left blank.] 

. 

Page 6 - 6 

F:\WPWB 1 \Pathforward\TRANSPORT AND DISPOSAL PLAN-RevKdoc 
April 30, 2002 



c 

8; 

2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12  
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 a:: 
26 
27 
28 
29 
30 
31 
3 2  
33 
34 
35 
36 
37 
38 
39 
40 
41 
4 2  
43 
44 
45 

FEMP-40430-PL-0008 
Revision B 

April 30, 2002 

7.0 REFERENCES 

Code of Federal Regulations, 10 CFR 835,"Occupational Radiation Protection" 

Code of Federal Regulations, 10 CFR Chapter 1 ,"Nuclear Regulatory Commission" 

Code of Federal Regulations, 40 CFR 261.4, "Identification and Listing of Hazardous 
Waste, Exclusions" 

Code of Federal Regulations, 40 CFR 300, "National Oil and Hazardous Substances 
Pollution Contingency Plan" 

Code of Federal Regulations, 40 CFR 300.440, "Procedures for Planning and Implementing 
Off-Site Response Actions" 

Code of Federal Regulations, 41 CFR 101 -40, "Transportation and Traffic Management" 

Code of Federal Regulations, 49 CFR 106-1 99, "Hazardous Materials and Oil 
Transportation" 

Code of Federal Regulations, 49 CFR 107.103, "Hazardous Materials Program Procedures" . 

Code of Federal Regulations, 49 CFR 1 72.604, "Emergency Response Telephone Number" 

Code of Federal Regulations, 49 CFR 173.403, "Definition of LSA-II Material" 

Code of Federal Regulations, 49 CFR 1 73.443, "Contamination Control" 

Code of Federal Regulations, 49 CFR 1 74.450, "Incidents Involving Leakage" 

Code of Federal Regulations, 49 CFR 200-266, "Federal Railroad Administration" 

Code of Federal Regulations, 49 CFR 350-399, "Commercial Motor Carrier Safety 
Assistance Program" 

Code of Federal Regulations, 49 CFR 397, Subpart D, "Routing of Class 7 (Radioactive) 
Materials" 

CSX Transportation Incident Response Plan for Fernald Waste Shipments, March 1999 

Fernald Environmental Management Project, 1 994, "Remedial Investigation Report, 
Operable Unit 4," OU4RI-6-Fina1, November, 1 994 

Fluor Fernald, 1998, "Silo 3 Remedial Design Work Plan," 40400-WP-0001, Revision 0, 
April 1998 

Page 7 - 1 

F:\WPWB 1 \Pathforward\TRANSPORT AND DISPOSAL PLAN-RevB.doc 
April 30, 2002 

080248 



FEMP-40430-PL-0008 * 2 6 ~  
Revision B 

April 30, 2002 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

. 26 
27 
28 
29 
30  
31 
32 
33 
34 
35 
36  
37 
38 
39 
40 
41 

Fluor Fernald, 2001, "FEMP Emergency Plan," PL-3020, Revision 6, October 2001 

Fluor Fernald, 2001, "FEMP Spill Prevention Control and Countermeasure Plan," PL-2194, 
Revision 5, November 2001 

Fluor Fernald, 200 1, "FEMP Transportation Emergency Plan," PL-3043, Revision 4, 
September 2001 

Fluor Fernald, 2002, "Radiological Control Requirements Manual," RM-0020, Revision 15, 
March 2002 

Fluor Fernald, 2001, "System Safety Requirements," RM-21 16, Revision 7, April 2001 

Fluor Fernald, 2002, "Safety Performance Requirements," RM-0021, Revision 35, 
February 2002 

Union Pacific Hazardous Materials Emergency Response Plan, October 1 5, 2000 

U.S. Department of Energy, 1 984, "Radioactive Waste Management," DOE-435.1 

U.S. Department of Energy, 1 992, "Hazard Categorization and Accident Analysis 
Techniques For Compliance With DOE Order 5480.23, Nuclear Safety Analysis Reports," 
DOE-STD-1027-92, December 1992 

U.S. Department of Energy, 1 994, "Nuclear Safety Analysis Reports," DOE-5480.23, 
March 1994 

, 

U.S. Department of Energy, 1 995, "Departmental Materials Transportation and Packaging 
Management," DOE-460.2, October 1995 

U.S. Department of Energy, 1996 "Packaging and Transportation Safety," DOE Order 
460.1 A, October 1 996 

U.S. Department of Energy, 1 996, "Comprehensive Emeigency Management," DOE- 
460.1 A, August 1996 

U.S. Department of Energy, 1 996, "Packaging and Transportation Safety," DOE-460.1 A, 
October 1996 

. 

U.S. Department of Energy, 1999, "Radioactive Waste Management," DOE-435.1, July 
1999 

Page 7 - 2 

F:\WPWGl \Pathforward\TRANSPORT AND DISPOSAL PLAN-RevB.doc 
April 30, 2002 

000249 



. 1  

' . *  
FEMP-40430-PL-0008 4 2 6 1  

Revision B 
April 30, 2002 

.: 3 

4 
5 
6 
7 
8 
9 

11 
12 

1.0 

13 
14 
15 
16 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

a 

APPENDIX A 
SILO 3 MATERIAL LSA DETERMINATION 

The table below presents the source term for the Silo 3 material, as well as the LSA-II 
classification determination. Columns 2 and 3 present the activity for each radionuclide in 
picoCuries/gram (pCi/g) and curies per gram (Ci/g), respectively. The activities in Column 
3 were summed together to  provide a total activity for the mixture of radionuclides. This 
value is presented at the bottom of Column 3. Column 4 presents the fractional 
contribution (fl) of each radionuclide by dividing the activity for each radionuclide in the 
Silo 3 material by the total activity. For Silo 3 material, the total activity is approximately 
I. 14 x 1 0-7 Ci/g. 

The Az value for the mixture was determined in accordance with 49 CFR Part 
173.433(d)(2)(ii): 

where fi/A21 is the fraction of activity of nuclide "I" in the mixture compared to  the 
radionuclide's respective Az value. 

There are three decay chains associated with Silo 3 material: uranium-238, uranium-235, 
and thorium-232. These three decay chains were divi'ded into "sub-chains" in which each 
parent nuclide had a half-life greater than 10 days. Radionuclides with a half-life less than 
10 days were considered to  be in secular equilibrium with their parent nuclide so only the 
A2 value associated with the parent nuclide was used in determining the A2 value for the 
mixture, as allowed under 49 CFR Part 173.433(c). Column 5 of the Table provides the 
Az value for those radionuclides with a half-life greater than 10 days. 

Column 6 presents the fraction of activity for each radionuclide compared to  the 
radionuclide's respective Az value (Column 4 values divided by Column 5 values). The 
inverse of the sum of these values equals the A2 value for the mixture. This calculation is 
provided at the bottom of Column 6. For Silo 3 material, the Az value is determined to be 
approximately 0.1 1 Ci. 

One of ihe definitions for LSA-I1 material requires that the activity of a material be less 
than 1 O 4  times the calculated A2 value per gram (1 0-4 A2/g). This value is calculated at 
the bottom of Column 6 and presented in Column 7. For Silo 3 material, the LSA-II limit is 
determined to  be approximately 1.1 x 1 O'5 Ci/g. 

Column 8 then calculates the fraction of activity for each radionuclide compared to  the 
calculated LSA-II limit determined for the mixture (Column 3 values divided by Column 7 
values). For a mixture of radionuclides, the sum of the fractions must be less than "1 " to  
be classified as LSA-II material. The sum of the fractions for Silo 3 materia! is determined 
to  be approximately 0.0976. Therefore, Silo 3 material qualifies as LSA-II material. 
Documented discussions with DOT representatives have verified this determination. 
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SILO 3 MATERIAL LSA-II SOLID DETERMINATION 

Fraction of Az Limit fWAz LSA-II Limit LSA-II 

Limit 
Radionuclide Silo 3 Mat. Silo 3 Mat. (Ci) (Ci-') l o 4  x A2 fill 

Source Term Source Term 

(PCilg) (Cilg) (Ci/g) 

Ac-227 9.25E +02 9.25E-10 8.1 1 E-03 5.4 1 E-04 1.50E + 01 8.5 1 E-07 1.09E-03 
Ac-228 
Bi-2 10 
Bi-211 
Bi-2 1 2 
Bi-2 14 
Fr-223 
Pa-23 1 
Pa-234 
Pa-234m 
Pb-2 10 
Pb-211 
Pb-2 1 2 
Pb-2 14 
Po-2 1 0 
Po-21 1 
Po-2 1 2 
Po-2 14 
Po-2 1 5 
PO-2 1 6 
PO-2 1 8 
Ra-223 
Ra-224 
Ra-226 
Ra-228 
Rn-2 1 9 
Rn-220 
Rn-222 
Th-227 
Th-228 
Th-230 
Th-23 1 
Th-232 
Th-234 
TI-207 
TI-208 
TI-2 1 0 
U-234 
U-235 
U-238 
Sum 

8.42E + 02 
3.48E + 03 
9.25E +02 
3.67E + 02 
3.87E +03 
1.30E + 01 
6.27E+02 
3.00E + 00 
1.78E + 03 
3.48E + 03 
9.25E + 02 
3.67E + 02 
3.87E +03 
3.48E + 03 
3.00E + 00 
8.50E +01 
3.87E + 03 
9.25E + 02 
3.67E + 02 
3.87E + 03 
9.25E +02 
3.67E+ 02 
3.87E + 03 
4.06E + 02 
9.25E + 02 
3.67E + 02 
3.87E + 03 

7.47E+02 
6.02E + 04 
1.17E + 02 
8.42E + 02 
1.78E + 03 
9.22E + 02 
1.32E + 02 
1 .OOE + 00 
1.73E + 03 
1 . 1 7E + 02 
1.78E+03 

9.1 2E +02 

8.42E-10 
3.48E-09 
9.25E-10 
3.67E-10 
3.87E-09 
1.30E-11 
6.27E-10 
3.00E- 1 2 
1.78E-09 
3.48E-09 
9.25E-10 
3.67E-10 
3.87E-09 
3.48E-09 
3.00E-12 
8.50E-11 
3.87E-09 
9.25E-10 
3.67E-10 
3.87E-09 
9.25E-10 
3.67E-10 
3.87E-09 
4.06E-10 
9.25E-10 
3.67E-10 
3.87E-09 
9.1 2E-10 
7.47E-10 
6.02E-08 
1.1 7E-10 
8.42E-10 
1.78E-09 
9.22E-10 
1.32E-10 
1.00E-12 
1.73E-09 
1 . 1 7E- 1 0 
1.78E-09 
3.71E-06 
A2 (Ci) = 

LSA-II limit = 

7.39E-03 
3.05E-02 
8.1 1 E-03 
3.22E-03 
3.39E-02 
1.14E-04 
5.50E-03 
2.63E-05 
1.56E-02 
3.05E-02 
8.1 1 E-03 
3.22E-03 
3.39E-02 
3.05E-02 
2.63E-05 
7.46E-04 
3.39E-02 
8.1 1 E-03 
3.22E-03 
3.39E-02 
8.1 1 E-03 
3.22E-03 
3.39E-02 
3.56E-03 
8.1 1 E-03 
3.22E-03 
3.39E-02 
8.00E-03 
6.5 5E-03 
5.28E-0 1 
1.03E-03 
7.39E-03 
1.56E-02 
8.09E-03 
1.16E-03 
8.77E-06 
1.52E-02 
1.03E-03 
1.56E-02 

lo4 x AZ 

1.62E-03 

2.43E-01 

5.41E-01 

8.1 1 E-01 

5.41 E-01 
1.08E -t 00 

2.70E-0 1 
1.08E-02 
5.41 E-03 

unlimited 
5.41E+00 

2.70E-02 
unlimited 
unlimited 

Sum" = 
(Cilg) = 

3.40E + 00 

1.26E-01 

5.64E-02 

1.00E-02 

6.27E-02 
3.30E-03 

2.96E-02 
6.07E-0 1 

9.76E+01 

2.89E-03 

5.62E-0 1 

9.09 
0.1 10 

1 .l OE-05 

8.51E-07 

8.5 1 E-07 

8.5 1 E-07 

8.51E-07 

8.51E-07 
8.51E-07 

8.51E-07 
8.51E-07 
8.5 1 E-07 

8.51E-07 

8.5 1 E-07 

7.37E-04 

4.09E-03 

4.09E-03 

1.09E-03 

4.55E-03 
4.77E-04 

1.07E-03 
8.78E-04 
7.07E-02 

2.09E-03 

2.03 E-03 

9.7 6E-02 
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APPENDIX B 
SILO 3 RADTRAN5@ EVALUATION 

FEMP-40430-PL-0008 
Revision B 

April 30, 2002 

This section evaluates the radiological risk posed to  the general public and workers by the 
routes proposed for transporting untreated Silo 3 material from the FEMP to  Envirocare of 
Utah, Inc. (Envirocare). Fluor Fernald, Inc. (Flubr Fernald) evaluated one direct rail route to  
Envirocare and one direct truck route to  Envirocare. A discussion of these routes is 
presented below. For both transportation options, Silo 3 material will be loaded into soft- 
sided containers that will be overpacked into cargo containers or sea/lands for ease of 
handling and shipping operations. 

TRANSPORTATION OPTIONS 

For direct rail shipments, nine soft-sided containers will be placed into an overpack 
container (cargo container or sea/land). Each railcar shipment will consist of four overpack 
containers per flatbed railcar. Retrieval and shipping operations will result in the need for 
an estimated 1,700 soft-sided containers. With nine soft-sided containers per overpack 
container, 189 overpack containers and 48 railcar shipments will be required t o  transport 
Silo 3 material to  Envirocare. 

Railcar shipments of Silo 3 material will follow the same route as the unit trains used for 
shipment of OU1 WPRAP material. 

pirect Truck S m e n t s  to  Fnvirocare of Utah 

For direct truck shipments, eight soft-sided containers will be placed into an overpack 
container (cargo container or sea/land). Each truck shipment will consist of one overpack 
container. Retrieval and shipping operations will result in the need for an estimated 1,700 
soft-sided containers. With eight soft-sided containers per overpack container, 21 3 truck 
shipments will be required to  transport Silo 3 material t o  Envirocare. 

The proposed truck route to  Envirocare consists of traveling 1-74 and 1-275 through Ohio 
and Indiana to  I-75/1-71 in Kentucky to  1-64 through Indiana and Illinois to  1-70 through 
Missouri t o  1-29 up through Iowa to  1-80 through Nebraska, Wyoming, and Utah to  
Envirocare. 

This route passes through the following major cities: Louisville, Kentucky when 
transferring from 1-71 to 1-64; St. Louis, Missouri when transferring from 1-64 t o  1-70; 
Columbia on 1-70 through Missouri; Kansas City, Missouri when transferring from 1-70 to  l- 
29; St. Joseph on 1-29 through Missouri; Omaha, Nebraska when transferring from 1-29 to 
1-80; Lincoln on 1-80 through Nebraska; Cheyenne on 1-80 through Wyoming; and Salt 
Lake City on 1-80 through Utah. 
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EVALUATION OF RISK 

DOT requires carriers to  utilize routes that minimize radiological risk when transporting 
radiological material. When determining radiological risk, DOT regulation 49 CFR Part 
397.1 01 (aH2) requires the carrier to  consider available information, such as, accident 
rates, population densities, and transit time. 

The estimated radiological risk to  the public and workers during transportation was 
calculated using the RADTRAN5@ computer model developed by Sandia National 
Laboratories. RADTRAN5@ produces estimates of incident-free population dose, accident 
dose-risk, nonradiological mortality, as well as individual dose estimates. Calculation of 
incident-free population dose considers persons adjacent to  the route, persons in vehicles 
sharing the route, crew members, and persons at stops. Potential dose-risks are also 
calculated for populations that are downwind from hypothetical releases associated with 
accidents of varying severity or within stated radial distances of loss-of-shielding accidents 
of varying severity. 

Where possible, "standard" RADTRAN5@ values for parameters were used if they were not 
specific to  the radioactive material, package, vehicle, or route. 

RADTRAN5@ relies on various parameters, which are defined by the user, for calculating 
dose. This information relates to  the radioactive material, the package, the vehicle, and the 
route. It includes parameters for the number of shipments, the number of containers per 
shipment, the radionuclide content of the container, the radiation dose associated with the 
container, and the radiation dose associated with the shipment. Table 1 presents the user- 
defined package-specific and vehicle-specific parameters associated with the proposed 
transportation routes. 
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Dose Rate 1 m from Vehicle (mrem/hr) 

Characteristic Vehicle Dimension (m) 

TABLE 1 

FOR RADTRANSO ANALYSIS 
PACK AG E-SPECIFIC AND VEHlC LE-SPEC1 FIC PARAMETERS 

- 

2.5 2.5 

7.08 28.32 

Number of Crew Members 

Average Distance from Package to Crew 
Members (m) 

I Number of Shipments I 213 I 48 I 

2 2 

7.62 100 

I Number of Overpack Containers per Shipment I 1 I 4 I 
- ~~ ~ ~~~ I Dose Rate 1 m from Package (mrem/hr) ~ -7 2.5 2 . 5 1  

I Characteristic Package Dimension (m) I 7.08 I 7.08 I 

I Crew View Package Dimension (m) 1 3.56 I 3.56 I 
Table 2 presents the radionuclide content for each shipping alternative. For truck 
transportation, it is assumed that eight - 3 yd3 soft-sided containers are placed in an 
overpack container, such as a cargo container or sea/land, for a total of 24 yd3 of Silo 3 
material per overpack container. For rail transportation, nine - 3 yd3 soft-sided containers 
are placed in an overpack container for a total of 27 yd3 of Silo 3 material per overpack 
container. 

RADTRAN5@ requires data that expresses the likelihood of accidents of a given severity for 
urban, suburban, and rural population areas. Accident severity categories with their 
respective probabilities of occurrence for each population area were obtained from the 
Nuclear Regulatory Commission document, "Final Environmental Statement on the 
Transportation of Radioactive Material by Air and Other Modes," (NUREG-0170) and are 
presented in Tables 3 and 4 for truck and rail, respectively. The tables are arranged from 
high probability, low speed, low impact accidents (Severity Category 1) that are more 
likely to  occur in urban areas to  low probability, high speed, high impact accidents 
(Severity Category 8 )  that are more likely to occur in rural areas. 

Page B - 3 

F:\WPWBl \Pathforward\TRANSPORT AND DISPOSAL PLAN-RevB.doc 
April 30, 2002 

000154 



FEMP- 

Radionuclide 

Ac-227 

.40430-PL-0008 
Revision B 

April 30, 2002 

Raw Material Curies per Overpack Container 
pCi/g Truck Rail 

925 ' 1.36E-02 1.53E-02 

TABLE 2 
RADIONULCIDE CONTENTS FOR TRANSPORTATION OPTIONS 

Ac-228 
B-210 
8-21 1 

842 1.24E-02 1.39E-02 
3,480 5.1 1 E-02 5.75E-02 
925 1.36E-02 1.53E-02 

Bi-2 1 4 
Fr-223 
Pa-231 
Pa-234 

~~ 

3,870 5.69E-02 6.40E-02 
13 1.91 E-04 2.1 5E-04 

627 9.21 E-03 1.04E-02 
3 4.41 E-05 4.96E-05 
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3 

4 

TABLE 3 
REGIONAL FRACTION OF ACCIDENT SEVERITY OCCURENCES - TRUCK 

0.1 76 0.221 0.0278 

0.0403 0.0506 ’ 0.00636 

I Severity Category I Rural I Suburban I Urban I 

7 

8 

I 1 I 0.462 I 0.435 I 0.583 I 

0.0005 7 1 0.0000672 0.00001 13 

0.0001 13 0.000005 9 3 0.000000994 

1 

2 

0.356 0.31 3 0.572 

0.214 0.188 0.343 

I 5 I 0.01 18 I 0,00664 I 0.000742 I 
I 6 I 0.00647 I 0.001 74 I 0.0001 46 I 

TABLE 4 
REGIONAL FRACTION OF ACCIDENT SEVERITY OCCURENCES - RAIL 

I Severity Category I Rural I Suburban I Urban I 

I 0.385 I 0.451 I 0.0772 -7 ~~ 

I 4 . I  0.0385 I 0.045 1 I 0.00772 

I 5 I 0.00641 I 0.003 3 8 I 0.000514 I 
I 6 I 0.000648 I 0.000163 I 0.0000186 I 
I 7 1 0.000342 I 0.0000376 I 0.00000857 I 
I 8 I 0.0000641 I 0.00000313 I 0.000000715 I 

In addition, for each accident severity category, the user inputs data on the fraction of 
material that  could be expected t o  be released from a container during an accident, the 
fraction of material released that can become airborne, and the fraction of airborne 
material that can become respirable. The accident release fractions for untreated Silo 3 
material is presented in Tables 5 and 6 for rail and truck, respectively. 

Page B - 5 
F:\WPWB 1 \Pathforward\TRANSPORT AND DISPOSAL PLAN-RevB.doc 
April 30, 2002 



TABLE 5 
ACCIDENT RELEASE FRACTIONS - RAIL 

1 

2 
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Revision B 
April 30, 2002 

0.0 N /A N/A 

0.01 4.94E-06 1 

. I Severity Category I Release Fraction I Airborne Fraction I Respirable Fraction I 

3 

. 4  

5 

6 

0.1 1.98E-05 1 

1 5.21 E-05 1 

1 1.26E-04 1 

1 2.50E-04 1 

8 

I 7 I 1 I 4.04E-04 I 1 I 
1 4.93E-04 1 

2 

3 

4 

TABLE 6 
ACCIDENT RELEASE FRACTIONS - TRUCK 

0.01 6.OE-06 1 

0.1 2.OE-05 1 

1 8.OE-05 1 

I Severity Category I Release Fraction I Airborne Fraction I Respirable Fraction I 

5 

6 

I 1 I 0.0 

1 2.OE-04 1 

1 4.OE-04 1 

N/A I NIA 

7 

8 

1 1 .OE-03 1 

1 2.OE-03 1 

Results 

As stated previously, RADTRAN5@ estimates the risk of fatalities to  workers and the public 
due to non-radiological accidents, dose to  workers and the public resulting from incident- 
free transport of radiological material, and dose to  populations that are downwind from 
hypothetical releases associated with accidents of varying severity. 

Page B - 6 

F:\WPWGl \Pathforward\TRANSPORT AND DISPOSAL PLAN-RavB.doc 
April 30, 2002 

000157 



FEMP-40430-PL-0008 4 2 6 1 
Revision B 

Direct Truck 0.0624 
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Table 7 presents data on the non-radiological risk of fatality t o  workers and the public for 
each of the proposed routes. There are t w o  types of risk to  the public for non-radiological 
fatalities. One is the risk of a fatality resulting from an accident and the other is the risk of 
a fatality resulting from exhaust emissions from the operation of a motor vehicle. 

0.01 77 

TABLE 7 
ESTIMATED NON-RADIOLOGICAL FATALITIES 

Direct Rail 

Estimated Non-Radiological Fatalities 

0.0078 2 0.000536 

I Route I Non-OccuDational I OccuDational I 

I Incident-Free Transport 
(REM) Route 

Hypothetical Accident 
(REM) 

Direct Truck 

Direct Rail 

Table 8 presents data on the estimated dose received by the maximally exposed individual 
resulting from incident-free transport of Silo 3 material and the estimated dose of the 
maximally exposed individual resulting from a hypothetical accident. The estimated dose 
from incident-free transport is the sum of the individual doses received by each shipment 
of Silo 3 material. The estimated dose resulting from a hypothetical accident is based on 
an evacuation time of 24-hours for an individual originally standing 33 meters away from a 
Severity Class 8 accident that results in a total release of material. 

2.99E-05 0.826 

3.24E-05 0.916 

TABLE 8 
ESTIMATED DOSE - MAXIMALLY EXPOSED INDIVIDUAL 

The risk from exposure to  ionizing radiation is measured in latent cancer fatalities (LCF), 
which is the number of potential cancer fatalities estimated as a result of radiation 
exposure. An incremental lifetime cancer risk (ILCR) - the increased potential of an 
individual developing a cancer over a lifetime as a result of exposure - can be determined 
by comparing the potential number of cancers against the total exposed population. LCFs 
are calculated by Eq. 1. 

LCF = HE CRF 
where, 
HE = collective effective dose equivalent for exposed population 
LCF = latent cancer fatalities 
CRF = cancer risk factor, LCF/person-rem 

(Eq. 1) 

The cancer risk factor for members of the public is 5 x 
used in the RADTRAN5@ computer model and are from the latest edition of ICRP-30. 

per rem. These values are 
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A 

Route Incident-Free Transport ! Hypothetical Accident 

ILCR Dose 
(REM) 

ILCR 
Dose 
(REM) 

I 
Direct Truck 2.99E-05 1.5E-08 0.826 4.13E-04 
Direct Rail 3.24E-05 1.62E-08 0.91 6 4.5 8E-04 

FEMP-40430-PL-0008 426r 
Revision B 

April 30, 2002 

Table 9 presents the estimated ILCRs calculated for the maximally exposed individual 
resulting from the dose received during incident-f ree transportation and a hypothetical 
accident. Using as an example the estimated dose of 0.826 rem for a hypothetical 
accident involving shipment of the Silo 3 material by direct truck to  Envirocare of Utah, 
the ILCR is calculated to  be 4.13 x 1 O-4. This equates to  an additional 1 in 2,420 chance 
of the maximally exposed individual developing cancer over a lifetime. 

TABLE 9 
INCREMENTAL LIFETIME CANCER RISK - MAXIMALLY EXPOSED INDIVIDUAL 

, 
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1.0 PURPOSE 

This Environmental Control Plan provides details of the methods and materials to be used 
during implementation of the Silo 3 Project to control erosion, air emissions, stormwater, fugitive 
dust, contaminated soil, and construction and operations waste and minimize the impact of 
these activities on the environment. This plan covers the construction. of the Silo 3 process 
building, Silo 3 ancillary facilities, and the silo enclosure at the U.S. Department of Energy 
Femald Environmental Management Project (D0E:FEMP) site. These areas are shown on 
drawing 94X-3900-6-01297, Rev. B, Site Plan. The Silo 3 Environmental Control Plan contains 
the following plans: 

Air Emissions Control: The Stack Release Considerations for the Silo 3 Project document 
(Doc. No. 40430-CA-0003) calculates the potential emissions of air contaminants during 
operation of the Silo 3 Project. 

Erosion and Stormwater Control: The methods and materials that will be used to prevent 
erosion of soil, either by wind or surface water, in the process or project work area and to 
reduce sediment loading in stormwater are described. Also described are the methods, 
materials, and existing site features that will be used to capture and control stormwater. 

Fugitive Dust Control: The methods and materials that will be used to suppress and 
minimize the creation and dispersion of dust are described. 

Waste Management: The methods that will be used to manage waste and debris generated 
during site preparation construction and operations are described. 
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2.0 AIR EMISSIONS CONTROL PLAN 

The Stack Release considefations fOf the Silo 3 document (DOC. NO. 40430-CA-0003) 
calculates the potential emissions of air contaminants during operation of the Silo 3 Project. 
Primary sources of air contaminants are expected to be Silo 3, the process equipment, and the 
process building. The locations of the sources of potential air emissions are illustrated on the 
Civil Site Plan (Drawing 94X-3900-G-01297, Rev. B) and the Process Flow Diagram (Drawing 
94X-3900-F-01431, Rev. A). 

Because of the physical nature of Silo 3 material and its high thorium-230 content, control of 
airborne particulate emissions is a key criterion in designing the emission control and monitoring 
systems. The air emission control systems for the Silo 3 Project have been designed to Best 
Available Technology (BAT) in accordance with Ohio Administrative Code (OAC), Section 3745- 
31 -05(a)(3), and to meet Applicable or Relevant and Appropriate Requirements, the As Low As 
Reasonably Achievable (ALARA) requirement, and other applicable requirements. 

For radionuclide particulate emission sources at FEMP, the Ohio Environmental Protection 
Agency (OEPA) has specified that BAT is the use of high-efficiency particulate air (HEPA) 
filters. The use of HEPA filters is also required for compliance with 40 Code of Federal 
Regulations (CFR) 61, Subpart H. HEPA filters, pre-filters, and housing assemblies will be 
obtained in accordance with Silo 3 Project Technical Specifications and Project Quality 
Procedure 7.1, “Control of Purchased Items and Services.” 

Emission of radionuclide particulate materials, excluding radon, will meet the requirements of 40 
CFR Part 61, Subpart H, National Emission Standards for Hazardous Air Pollutants (NESHAP). 
40 CFR Part 61 -92 states that emissions of radionuclides to the ambient air from DOE facilities 
shall not exceed those amounts that would cause any member of the public to receive in any 
year an effective dose equivalent (EDE) of 10 millirem (mrem)/year or greater. NESHAP 
Subpart H also specifies continuous monitoring for certain point sources (stacks or vents). 

Radon emissions will be monitored during the Silo 3 Project to v e r i  that the site fence line’s 
radon concentration will not exceed the annual background average of 0.5 picocuries per liter 
(pciiL). 

The Silo 3 air emissiqn control systems are depicted by drawings 94X-3900-F-01429 (Rev. A), 
94X-3900-F-01431 (Rev. A), and 94X-3900-H-01349 (Rev. A). The major components of the 
emission control systems are detailed in the following sections. 

2.1 AIR EMISSIONS CONTROLS 

The primary components of the air emission control strategy for the Silo 3 Project are as follows: 

Ventilation of radon emissions during initial silo access, 

Mitigation of particulate and radon emissions during retrieval of Silo 3 material by vacuum 
and mechanical means, 

2 
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0 Mitigation of emissions during transfer of Silo 3 material to the process building, 

Collection and filtration of emissions from the packaging equipment and facility, and 

0 Monitored discharge of emissions after filtration. 

The Silo 3 air emission control systems consists of filter modules, ductwork, fans, and air 
distribution and control devices. The process flow of the air emission control equipment is 
depicted on drawings 94X-3900-F-01429 and 94X-3900-F-01431. Refer to Sections 4 and 5.1 
of the Process Description (Doc. No. 40430-RP-0003) for additional detail. 

2.1.1 Emission Control During Initial Silo Access 

The headspace above the waste material in Silo 3 is known to contain elevated radon 
concentrations. The Operable Unit (OU) 4 Remedial Investigation (RI) document reports the Silo 
3 headspace radon concentration at the 95 percent upper confidence limit (UCL) at 239,000 
pCi/L. The OU4 RI reports the Silo 3 headspace volume at between 17,100 ff and 17,754 ff. 

Before the silo is accessed initially, airflow from the Silo 3 headspace to the Process Vessel 
Vent System (PVS) will be established to produce a slightly negative pressure in the silo, 
thereby assuring that any emissions are routed through the PVS. This air stream is HEPA- 
filtered to control particulate emissions and is monitored for both particulate radionuclides and 
radon. Airflow will be controlled during the initial establishment of airflow from the Silo 3 
headspace to the PVS so that exhaust stack emissions and resultant fence line air quality 
impacts are within the steady-state emission estimates reported in the Stack Release document 
(Doc. No. 40430-CA-0003). Weather conditions will be evaluated before the start of the radon 
release to assure that atmospheric stability and inversion conditions are consistent with the 
AURA principle. 

2.1.2 Emisslon Control During Retrieval, Transfer, apd Packaging 

Particulate and radon emissions from retrievql, transfer, and packaging operations are collected 
by the PVS, pneumatic retrieval, and HVAC, which are described in the Process Description 
(Doc. No. 40430-RP-0003). The expected emissions from these operations and the resulting 
off-site impact are summarized in Section 2.2 of this document. 

The total design airflow for the PVS is approximately 5,500 standard cubic ft per minute (scfm). 
Gases from the following sources are transferred to the PVS: 

Silo 3, 

Vacuum Wand Management System (ENC-10-5020), 

0 Retrieval Bin Hood (EAR-11-5052), 

0 Inclined Conveyor (DFC-11-5056), and 

3 
0 0 0 ~ 6 6  



Silo 3 Environmental Control Plan 
40430-PL-0005, Rev. B 

Jacobs Project Number 35H19605 
April 30, 2002 

0 Packaging Stations A & B Exhaust Hoods (EAR-25-5290A&B). 

Each of these sources is described in Section 4.2 of the Process Description (Doc. No. 40430- 

2.1.3 Ambient Monitoring 

As detailed in Section 3.1 of Fluor Fernald's Silos Project Environmental Monitoring Plan, 
monitoring and reporting of emissions from the Silo 3 Project will be accomplished through a 
combination of ambient radon and particulate monitoring and project-specific stack monitoring. 

2.2 

The Stack Release Considerations for the Silo 3 Project calculation (Doc. No. 40430-CA-0003) 
provides estimates of the anticipated air emissions from operation of the Silo 3 Project. As 
described in the preceding sections, the emissions from various sources within the Silo 3 
facilities are collected and discharged through the monitored exhaust stack after filtration. Table 
2-1 summarizes expected emissions from the Silo 3 exhaust stack. The Silo 3 exhaust stack is 
equipped with an air particulate monitor and a continuous radon monitor. 

Table 2-1: Estimate of Release from the Silo 3 Exhaust Stack 

RP-0003). 

ESTIMATED POINT SOURCE AIR EMISSION DATA 

Exhaust stack flow 

Temperature 100°F 

Stack exit velocity 3,500 ft/minute 

Stack diameter 

Stack height 125 ft 

Max. particulate emission (uncontrolled) 

Max. particulate emission (controlled) 

Radionuclide emission (radon not included) 

Radon emission 213 pCi/L 

Dispersion modeling (Sack Release Considerations for the Silo 3 Project, Doc. No. 40430-CA- 
0003) was performed to quantify the impact of estimated emissions from the Silo 3 exhaust 
stack. The dispersion modeling for the Silo 3 exhaust stack emissions used the FEMP site- 
specific meteorological data and the CAP88-PC computer software modeling package to be 
consistent with the requirements of 40 CFR 61, Subpart H. The results of the dispersion 
modeling for the Silo 3 exhaust sack emissions are summarized in Table 2-2. 

I 0,900 ft3/minut~-gas 

2 ft (at discharge) 

11 5 Ib/hr 

1.11 X lO"lb/hr 

2.37 X 10" pCVL 
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Table 2-2: Results of Dispersion Modeling for Releases from 
the Silo 3 Treatment Facility Exhaust Stack 

Maximum EDE to off-site receptor 
(excluding radon) uncontrolled 

Maximum EDE to off-site receptor 
(excluding radon) controlled 

2830 mredyr. 

2.74 X I O9 mremlyr. 

Maximum annual average FEMP fence line 
radon concentration 0.0012 pCVL 

Maximum hourly average FEMP fence line 
radon concentration 3.96 pCi/L 

Modeling of radionuclide emissions, not including radon, without credit for control equipment, 
predicted a maximum EDE off the site of 2,830 mredyear; therefore, as required by 40 CFR 
61.93, the exhaust stack has a continuous isokinetic stack sampler. Modeling of radon 
emissions predicts a fence line impact significantly below the 0.5 pCiL annual average criterion. 
The exhaust stack will, however, include a continuous radon monitor. See drawing 94X-3900- 
G-01298 (G3105). e 
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3.0 

This section describes the Erosion and Stormwater Control Plan that will be used during the 
construction phase of the Silo 3 Project, including erosion control practices and surface water 
management. This plan addresses surface water management and erosion control practices 
that will be used throughout the construction of the Silo 3 process facilities and the Silo 3 
enclosure and is consistent with the construction drawings and Silo 3 specifications. See 
drawing 94X-3900-G-01298 (G3105). 

EROSION AND STORMWATER CONTROL PLAN 

3.1 FUNCTIONAL REQUIREMENTS OF THE PLAN 

The functional requirements of this Erosion and Stormwater Control Plan will satisfy the criteria 
outlined below: 

Route surface water to designated locations where it can be appropriately managed; 

Protect the Infrastructure Road, 2“d Street, Silo 3, and construction areas from damage 
caused by precipitation and stormwater run-on and runoff; 

0 Discharge surface water into existing watercourses in accordance with applicable Ohio 
Department of Natural Resources (ODNR), OEPA, and DOE directives and requirements; 
and 

Segregate clean area runoff from potentially contaminated area runoff. Contaminated 
stormwater will not be discharged with “clean” stormwater. 

Functional requirements will be met by constructing the run-odrunoff control features outlined 
below. Erosion control features will be installed prior to any disturbance of soil in work areas. 
The Civil Grading, Drainage and Erosion Control Plan, drawing 94X-3900-G-01298 (G3105), 
illustrates the location and limits of the control features. These include, but are not limited to, , 

the following six control features: 

0 Installation of silt fences on the downslope sides of the construction areas; 

Installation of silt fences below sump discharges where applicable; 

Installation of check dams in drainage channels and swales as required; 

Maintenance, repair, or replacement of existing surface water and erosion control features 
as required; 

0 Excavations that are expected to be inactive for 45 days or more will be stabilized within 7 
days of their final use; and 

Dewatering. 
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The type and location of erosion control features will be subject to adjustment depending on 
field conditions. The Contractor will routinely inspect and evaluate (in accordance- with Section 
3.2) the effectiveness of, and need for maintenance of, the control measures that are in place. 

3.2 RUN-OWRUNOFF CONTROL STRUCTURAL PRACTICES 

Process design and operation will minimize the potential for generation of contaminated 
storniwater, including any run-on and runoff. A description of the construction, inspection, and 
maintenance of the run-onhunoff control features is presented in this section. These features 
may include, but will not be limited to: 

Drainage channels and swales, 

Riprap check dams, 

a Culverts, 

a Silt fences, and 

Diversions. 

Details of silt fences, check dams, and diversions can be seen in Appendix A. Any repairs to 
the erosion and stormwater control measures will be performed within 24 hours of a problem 
being discovered. Areas of excavation and all erosion control measures will be inspected to 
verify that they are installed in accordance with the Silo 3 specifications and are still functioning 
properly. An inspection checklist will be developed in support of the inspection schedule. 
Disturbed areas will also be inspected for evidence of excessive erosion or siltation. These 
inspections will occur, at a minimum, at the following frequency: 

Weekly for general inspections; 

Daily after each rain event exceeding 0.5 inches; and 

At least once per day during prolonged rainfall events. 

Inspections will be documented in the daily reports at the Silo 3 Project site. These records will 
be made available for review upon request. This inspection frequency is in addition to any 
specific requirements identified in the Inspection and Maintenance requirements for each control 
measure below. 

3.2.1 Temporary Drainage Channels and Swales 

If necessary, temporary drainage channel and swales will be constructed between control points 
on predefined lines and grades. Temporary drainage channels and swales will be stabilized in 
accordance with the Silo 3 specifications. 
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~ Inspection and Maintenance 
Drainage channels and swales will be inspected and maintained in accordance with the 
following, as a minimum: 

0 The criteria stipulated in Section 3.2. Any necessary repairs to draingge channels will begin 
within 24 hours of the discovery of a problem. 

Drainage channels and swales shall be kept clear of debris at all times. The protective 
lining, vegetation, or erosion-resistant materials will be maintained as built to prevent 
undermining, scour, or deterioration. 

0 Silt fence placement requirements as stated in the Silo 3 specifications. 

Inspection and repair activities will be documented in the daily reports and available for review 
upon request. 

I 3.2.2 Check Dams 

I Check dams will be used in channels that have a design flow equal to or greater than 3 ft per 
second or as needed. Check dams will be incorporated to enhance water quality.benefits by 
maximizing the detention time within the swale and to increase channel stability by decreasing 
flow velocities. 

Check dams will be installed in accordance with the requirements of ODNR, “Rainwater and 
Land Development” manual, at the necessary spacing. 

Check dams will be constructed of 4-8-in.-diameter stone to a height of 2 ft over the entire 
channel width. The top of the check dam will be constructed so that the center is approximately 
6 in. lower than the outer edges, so that water will flow across the center and not around the 
ends of the dam. The maximum height of the check dam at the center of the weir will not 
exceed 3 ft. A detail of the check dam is provided in Appendix A. 

I Inspection and Maintenance 
I 

I Check dams will be inspected and maintained in accordance with the following, as a minimum: 

The criteria stipulated in Section 3.2, 

0 Maintained as constructed, and 

I Frequently inspected to ensure that the structures have not been damaged by high-energy 
I flows. 

I Inspection and repair activities will be documented in the daily reports and availabte for review 
upon request. 0 
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3.2.3 Riprap 

Where required, properly sized riprap will be placed in the designated work area. Ohio 
Department of Transportation Type “D“ riprap will be installed in the temporary drainage channel 
as check dams at appropriate locations. 

Inspection and Maintenance 

Riprap will be inspected and maintained according to the following, as a minimum: 

0 The criteria stipulated in Section 3.2. 

To determine whether high flows have caused scour beneath the riprap or dislodged any of 
the stone. If repairs are needed, ensure that those repairs are accomplished within the 
same workday of their discovery. 

Inspection and repair activities will be documented in the daily reports and available for review 
upon request: 

3.2.4 Silt Fences 

Silt fences will be installed in accordance with ODNR requirements, the construction drawings, 
and the Silo 3 specifications. Silt fences will be constructed before upslope land disturbance 
begins. Silt fences will be installed as close to the contours as possible so that water will not 
concentrate at low points in the fence. Silt fences will be installed on the downslope side of 
disturbed areas, perpendicular to where run-off occurs as sheet flow or where flow through 
small rill can be converted to sheet flow. Appropriate equipment and personnel will be used to 
install the silt fence at locations shown on the construction drawings. The silt fence will be 
placed in a trench cut to a minimum of 9 in. deep, staked, and backfilled accordingly. The 
height of the silt fence will be a minimum of 16 in. above the original ground surface. To prevent 
water from flowing around the ends of the silt fence, each end will be constructed upslope so 
that the ends are at a higher elevation. Seams between sections of silt fencing will be 
overlapped with the end stakes of each section wrapped together before being driven into the 
ground. Breaks and overlaps will be installed as necessary to allow equipment access to the 
construction area. Silt fences will remain in place until the disturbed area has been stabilized. 
Appropriate equipment will be available to maintain silt fencing. 

Inspection and Maintenance 

Proper application of silt fencing will allow the intercepted runoff to pass as diffused flow through 
the geotextile. If diffused flow does not occur, the layout of the silt fence will be changed, 
accumulated sediment will be removed, and other practices will be implemented. 

Silt fences will be inspected and maintained according to the following, as a minimum: 

0 The criteria stipulated in Section 3.2. 
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8 Any sediment and debris that have been deposited and trapped will be removed from the silt 
fence and relocated and stockpiled as directed by the Construction Manager. - 

Inspection and repair activities will be documented in the daily reports and available for review 
upon request. 

3.2.5 Temporary Diversions 

If required by changing site conditions, the Contractor shall construct temporary diversions. 
Earthen material cut out for the channel will be used to build the berm on the opposite side. The 
temporary diversion will be similar to the one shown in Appendix A. Check dams will be 
installed to slow flow velocity. 

Inspection and Maintenance 

Temporary diversions will be regularly inspected and maintained as follows, as a minimum: 

The criteria stipulated in Section 3.2 

Repair damage and remove deposits or sediment from the diversion. 

Restabilize as needed. . .  

Check for points of scour, bank failure, rubbish, channel construction, rodent Roles, 
breaching or settling of the berm, and excessive wear from pedestrian traffic and 
construction traffic on a regular schedule. . 

Inspection and repair activities will be documented in the daily reports and be available for 
review upon request. 

. 
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4.0 FUGITIVE DUST CONTROL PLAN 

The section describes the methods that will be used for controlling fugitive dust emissions and 
ensuring compliance with the required standards and site-specific limits for the Silo 3 Project. 
Dust releases from field activities will be proactively suppressed by applying BAT dust control 
materials and/or implementing BAT work practices at the beginning and during field activities. 
RM-0047, Fugitive Dust Control Requirements, will be used as the appropriate site-specific 
definition of BAT for fugitive dust control together with OAC 3745-17-07 and OAC 3745-17-08 to 
minimize the creation and dispersion of fugitive dust. 

4.1 SITE-SPECIFIC LIMITS 

The following site-specific limits will be applied: 

Visible particulate emission from any paved roadway or paved parking area should not 
exceed 1 minute during any 60-minute observation period. 

0 Visible particulate emissions from any unpaved roadway, unpaved parking area, project field 
activities, or wind erosion from storage piles should not exceed 3 minutes during any 60- 
minute observation period. 

Personnel using 40 CFR Part 60, Appendix A, Method 22, "Visual Determination of Fugitive 
Emission from Material Sources and Smoke Emissions for Flares," will verify compliance with 
these limits. Fluor Fernald will provide Method 22 training to qualify Contractor personnel. 

4.2 SUPPRESSION EQUIPMENT 

Because of the radiological issues associated with the Silo 3 Project, dedicated equipment will 
be used in radiological work zones to avoid having to decontaminate equipment. If required by 
site conditions, the Contractor may switch equipment and systems between areas after 
decontamination and radiological scanning verifies no contamination. The proposed equipment 
list to suppress dust releases includes, but is not limited to, the following: 
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Motor grader, 

0 Backhoe, 

0 Miscellaneous hand tools (shovels, brooms), 

0 Miscellaneous pumps and hoses, 

0 Skid steer loader with broom attachment (for road crossing only if water flushing and wet 
brooming by hand is ineffective. 

0 Water wagon, and 

0 Smooth drum roller. 
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4.3 METHODS AND MATERIALS 

At the beginning of each day and periodically throughout that day, project personnel will tour the 
Silo 3 Project site, applying BAT fugitive dust controls and/or other work practices to identify and 
thereby minimize dust generation. If the visible limit is exceeded, (i.e., visible particulate 
emissions from any paved roadway or paved parking area exceed 1 minute during any 60- 
minute observation period or visible particulate emissions from any unpaved roadway, unpaved 
parking area, project field activities, or wind erosion from storage piles exceed 3 minutes during 
any 60-minute period), mechanical dust-generating activities must cease immediately. BAT 
dust controls and/or work practices will be instigated or increased to bring the fugitive emission, 
as a minimum, below the visible limit during the dust-generating activities. Additionally, BAT 
dust controls and/or work practices will be implemented at the end of each day to minimize dust 
alerts during off -hours. Specific materials and methods may include the following: 

. 

Water, 

Crusting agents such as Pine Sap Emulsion@ or equivalent (as approved by Fluor Fernald), 

Plastic sheeting or tarps, and/or 

0 Revegetation materials. 

4.4 WORK PRACTICES 

Project field activities will be monitored for visible emissions. The contractor shall implement, 
direct and coordinate BAT work practices to monitor project field activities for visible emissions. 
Specific work practices may include the following: 

0 Effective “wheel washing” before vehicles and/or equipment are brought onto the paved 
area and/or as required by contamination control. 

0 Applying dust suppression materials (mainly water) to active work areas or other areas 
’ where dust is likely to be generated. 

Before the end of shift, sealing off (by rolling, grading, or compacting) work area stockpiles, 
working piles, etc. where fugitive emissions are likely to occur if not sealed. 

During dry conditions or as needed, initiating dust control prior to start of shift and continuing 
throughout the day, as needed, to minimize fugitive dust emission. 

0 Wet sweep, blade or othewise removing any clods, clumps, tracks, or other deposits of soil 
or mud from paved roadways and parking area; applying appropriate dust control measures 
to suppress the generation of visible dust that may result from the removal process. 

Using alternative routing for hauling materials. 

0 Changing method of excavation when feasible, including reducing the rate of excavation. 
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0 Maintaining roadway shoulders. 

0 Minimizing unnecessary traffic. 

0 Adhering to site-specific speed limits of 15 mph on paved surfaces and 10 mph on unpaved 
surfaces and, if necessary, further reduce the speed of equipment and hauVother site 
vehicles. 

Applying water or other appropriate dust suppression agents to material being transported 
and covering truck beds when material is still likely to become airborne. 

Covering loads during equipment movement, regardless of whether truck is empty or full. 

Minimizing configuration of material being hauled (Le., place less material in haul vehicle). 

Minimizing drop height during loading and unloading. 

If practical, covering small storage piles with tarps or plastic sheeting. 

For extended periods of planned inactivity, vegetating, as a last resort, if protective cover or 
periodic application of surfactants or crusting agents prove ineffective. 

0 Repairing or resurfacing roadwaydparking areas as needed or using an alternative road 
surface as a last resort. 

@ 
4.5 MONITORING 

All personnel who have been briefed on this plan will report suspected fugitive dust emissions to 
the appropriate personnel, who will then direct the implementation of BAT work practices and 
fugitive dust control. As outlined earlier, field conditions will be monitored for visible dust 
emission. When required, BAT material will be applied and BAT work practices will be 
implemented to limit fugitive dust emissions. 

4.6 RECORD KEEPING 

The record keeping process will begin with field supervisors and managers, who will brief those 
workers applying BAT materials pursuant to the required record keeping. The form to be filled 
out can be found in Appendix 6. Appropriate personnel will complete these forms. Completed 
forms will be part of the Silo 3 Project daily reports and will be filed in the permanent project files 
and transmitted to Fluor Fernald when requested. Additional blank copies of the forms will be 
kept in the field trailer. Completed forms will be turned over to the Silo 3 Project Field 
Supervisors on a daily basis. Forms will be reviewed for completeness, and incomplete forms 
will be returned to the appropriate individual for corrections. 
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4.8 OFF-HOURS FUGITIVE DUST ALERT NOTIFICATION 

I A "Dust Alert" is defined as excessive or visible dust emanating from anywhere within the Work 
Area during non-working periods. "Non-Work" periods are defined as hours when neither the 
Contractor nor any subcontractor is performing Silo 3 construction activities on site. However, 
the FEMP remains staffed by Fluor Femald Security personnel 24 hours per day. Silo 3 Project 
trained personnel will be on-call during non-work periods, 7 days per week (including holidays), 
to respond to any off-hours fugitive dust alert. Therefore, if visible dust is obsenred within the 
Work Area during project non-work periods, Fluor Fernald will notify the Contractor. Dust 
suppression will begin within 2 hours of notification by Fluor Fernald. 

4.8.1 Notification Procedure 

During a Dust Alert, Fluor Fernald will refer to the "Off-Hours Dust Alert Schedule" that will be 
provided by the Contractor prior to initiation of construction activities. If Fluor Fernald cannot 
contact the Designated Primary Contact (DPC) within a reasonable time frame, Fluor Fernald 
will attempt to reach the designated alternative contact. Similarly, if the alternative cannot be 
expeditiously contacted, the second alternative will be contacted. In the unlikely event that all 
three of these individuals cannot be reached, Fluor Fernald will attempt to contact any other 
person identified on the Contractor-approved contpct list. 

Upon receiving notification from Fluor Fernald, the Contractor DPC will then contact qualified 
personnel, as appropriate, to respond to the Dust Alert. The Contractor DPC must v e r i  that 
those responding to the "Off-Hours Dust Alert" are able to gain access to a controlled area if 
required. Only those personnel who meet the appropriate training and medical requirements for 
this work should be contacted. The Contractor DPC, as well as those personnel contacted, will 
go to the site to direct the work and implement the necessary corrective actions. Because dust 
suppression is defined as a Limited Scope Work, the Contractor is not required to have the Site 
Health and Safety Officer respond to these Dust Alerts. Fluor Fernald will provide any 
necessary safety coverage. 

4.8.2 The Contractor Site Response 

Contractor personnel will use adequate BAT dust control methods to bring any fugitive dust 
emissions to below the site-specific limit during dust-generating activities. Designated 
Contractor personnel will not leave the Silo 3 Project site without concurrence from Fluor 
Fernald that sufficient controls are in place or until Fluor Fernald has signed the Dust Alert Work 
Order included in Appendix C. 

4.8.3 Schedule and Contacts 
The Off-Hours Dust Alert Schedule and Contact List will be provided to Fluor Fernald prior to the 
start of the Contractor's Silo 3 Project construction activities. 

000177 
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5.0 WASTE MANAGEMENT PLAN 

The purpose of this section is to describe the materials and methodology for removal and 
disposition of relevant waste materials. Management of secondary wastes generated as a 
result of the Silo 3 Project construction and operational activities will be consistent with site 
procedures and applicable regulatory drivers. 

5.1 WASTE TYPES 

It is expected that construction activities will generate three main groups of secondary waste 
materials (Le., clean construction debris, radiologically contaminated construction debris, 
including soil and clean excavated soil). Smaller quantities of additional solid waste, [e.g., 
personnel protection equipment (PPE), wood, and potentially some drums] are anticipated. 
Clean construction debris is material that as a result of construction has been brought onto the 
Silo 3 Project site or is created by construction activities and has been surveyed or 
characterized and released as non-radioactive and non-hazardous waste. Radiologically 
contaminated construction debris is material that has been contaminated during construction 
inside the Controlled Area. Excess excavated soil will be generated by earthwork. 

The following waste types are estimated to be generated during waste transfer and 
containerizing operations. A more detailed description with estimated quantities is included in 
the Timed Estimate of Secondary Waste document. 

0 Spent HEPA filters 

0 Spent roughing filters 

Spent Ultra Low Penetration Air (ULPA) filters 

UsedPPE 

0 Damaged waste containers 

Damaged baghouse filter bags 

Containerizing and labeling waste 

Container cleaning waste 

There is also the potential that some unknown debris will be encountered during soil excavation. 
This material may be manufactured objects or natural solid waste. These items will be dealt 
with on an item-by-item basis at the time of discovery. Fluor Fernald will be responsible for 
characterizing and approving the ultimate disposition of this material. 

Waste oils, engine coolants, hydraulic fluids, and other lubricants from the sewicing of 
equipment have not been identified as a "waste stream" as these items will not be stored on the 
site. Vehicle and construction equipment maintenance will be performed off the site. On-site 
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failure of equipment or vehicles will be managed on an item-by-item basis following approval by 
Fluor Femald and in accordance with Fluor Femald ACR-007, Waste Material Handling Criteria 
for Construction Projects. Any accidental spill of these materials will be subject to Fluor Fernald 
spill notification requirements. The Contractor will conduct weekly inspections of fuel storage 
tanks and equipment. An estimate of the amount of each type of waste stream is given in 
Appendix E. 

5.2 WASTE MINIMIZATION 

Every effort will be made to minimize waste generation by limiting the amount of material that 
enters the Controlled Area. Material wrapping and packaging will be minimized on the site by 
requesting that suppliers provide material with as little packaging as possible. Where feasible, 
assembly of equipment modules will be done off the site. Pre-job planning will be used to 
ensure that the number of tools identified and the equipment needed to complete the job are 
minimized. No hazardous materials will be brought into the Controlled Area unless absolutely 
necessary and only with the prior approval of Fluor Fernald. 

It is expectd that only small quantities of "hazardous" materials (e.g., pipe sealants, concrete 
sealants, marking paints, caulking materials) will be required for the Silo 3 Project construction 
activities. To minimize the amount of this type of waste, only that quantity that is required to 
complete the job will be brought on the site. 

5.3 CONSTRUCTION DEBRIS MANAGEMENT 

Construction debris will be staged at predetermined locations that include controlled boundaries 
to define each area as well as limit access to them. The debris will be surveyed to verify that it 
meets the free-release criteria specified by Fluor Fernald Site Procedure RP-0009, Radiological 
Requirements for the Release of Materials at the F€MP. The waste will be segregated as either 
radiologically contaminated, hazardous, or clean construction waste. 

Construction wastes such as fencing that are awaiting radiological survey will be cleaned of 
soils to ensure that they meet the free-release criteria. 

Construction debris that does not meet the free-release criteria for the site will be segregated 
and containerized by waste streams. Project personnel will be briefed on the waste segregation 
and size-reduction criteria for the Silo 3 Project prior to mobilization. The estimated volume of 
secondary waste from construction activities, underground material, soft waste, concrete rubble 
and rebar from the Silo 3 opening, and caulkingkealants is estimated to be no greater than 87 
yd3. The estimated amount of each waste type is given in the table in Appendix E. 

5.4 SOIL MANAGEMENT 

During site preparation it is estimated that the Contractor will generate approximately 100 yd3 of 
"cut" volume and 100 yd3 of "raw fill" soil. The "cut" volume will be monitored and dispositioned 
as directed by the Fluor Femald Waste Acceptance Organization (WAO). Earthwork and 
related activities will not be performed during unfavorable weather conditions, e.g., rain, snow, 
or high winds. Soil management will comply with the Silo 3 Project Health and Safety Plan, the 
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Erosion and Stormwater Control Plan, and the Fugitive Dust Control Plan. Excess soil will be 
dispositioned as soon as practical after excavation. The schedule for soil transportation will 
depend on the OSDF availability and the OSDF subcontractor's transportation schedules. It is 
expected that transportation of excess soil to the OSDF will be completed within 45 days of 
completing excavation. 

Excavations will be monitored by a WAO representative to ensure that OSDF waste acceptance 
criteria (WAC) are met as described in DOES WAC Attainment Plan for the OSDF. Excess 
"CUP' will be characterized as either Category 1 (soil and soil-like material), Category 2 (debris), 
or Category 4 (organic or highly compressible). Materials will be segregated by OSDF category 
within the work area before being transported Separate stockpiles of each category will be 
maintained as directed by the Construction Manager. The final volume of excess material 
generated will be reported to Fluor Fernald at the end of each normal working day. These 
excess materials will be tracked by the WAO through the Field Tracking Log (FTL). Additionally, 
the WAO will track with the FTL any interim material movements (whether soil or debris) 
between Material Tracking Locations established by the WAO. 

During construction and excavation, materials may be encountered that may not meet the 
OSDF WAC. Upon discovery of these materials, the Fluor Fernald Construction Manager shall 
be notified and will require further evaluation through Fluor Fernald's real-time monitoring and 
OSDF WAC Attainment Plan. 

5.5 UNKNOWN DEBRIS MANAGEMENT 
. .  * .  

During excavation, the Contractor may encounter debris, e.g., conduit, piping, concrete. Before 
beginning earthwork, the contractor will determine the location of all existing underground 
utilities in the work areas. In the event that unknown debris is unearthed, the contractor will stop 
work and notify Fluor Fernald immediately of any non-soil debris requiring special handling or 
disposition. Unexpected debris will be managed in accordance with Fluor Fernald Safe Work 
Plan requirements (ACR-002). The Contractor will develop a Safe Work Plan for handling 
unknclwn debris that will include the criteria that must be met prior to resumption of excavation. 
Fluor Fernald will arrange for container delive,ry, debris characterization, any sampling tasks that 
may be required, and ultimate transportation of the container to the appropriate facility. Fluor 
Fernald will track the volume of such debris. 

5.6 WASTE CONTAINER MANAGEMENT 

Fluor Fernald will provide the appropriate waste containers for the various waste categories 
identified in the Waste Management Plan. The Contractor will use the Material Segregation and 
Containerization Criieria form, Attachment D, to identify categories of waste. These containers 
may include, but are not limited to, the following: 

0 Large metal boxes 

0 International Standards Organization containers 

Small metal boxes 
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55-gallon drums with lids 

Roll-off boxes 

Dumpsters. 

K a t e  containers staged ins,..d the Controlled Area will be lockable and will be kept locked 
unless authorized loading is taking place. Fluor Fernald Radiological Control personnel will be 
present to survey waste before authorized loading operations. Unfilled waste containers will be 
secured when no loading is in progress to prevent the addition of unknown materials. Fluor 
Fernald will provide and maintain the locks and keys to clean waste containers. 

Designated personnel will be responsible for supervising container operations, including 
inspection of empty containers upon receipt and during waste loading activities. They will be 
responsible for ensuring that containers, boxes, and drums are filled so that the interior volume 
is as efficiently and compactly loaded as practical, either up to the maximum gross weight limit 
of that container or until full by volume. 

Containers will be checked for free liquid before being loaded. Containers with free liquids will 
not be transported until it is proven that the container no longer contains free liquid. Ice is 
considered a free liquid. Containers will be protected from the weather, particularly when the lid 
is not secured, to prevent entry of snow and rain. 

Clean construction waste will be surveyed and loaded into dumpsters provided by the 
Contractor or its subcontractors on a daily basis to prevent an excessive amount of material 
from piling up near the container staging area, These dumpsters will remain locked when they 
are not being loaded. 

Fluor Femald will visibly inspect full containers prior to final securing of their lids and container 
disposition. 

The Contractor will follow the requirements of Fluor Fernald ACR-007, Waste Material Handling 
Criteria for Construction Projects, Rev. 2 (June 1998). 

5.7 WASTEWATER CONTROL 

Wastewater generated during construction will be collected in sumps or by other means and 
pumped through silt fence or check dams prior to discharge to the existing drainage features 
near the site. Any contaminated wastewater encountered will be collected and disposed of at 
the direction of the Construction Manager and this plan. Wastewater generated during 
operation will be collected and treated according to the Process Description for the Silo 3 
Project. 

6.0 REFERENCES 

1. Fluor Fernald, PL-3088, StOf77lWatet' Pollution Pt'eV8nfiOn Plan, Rev. 0, October 1 999. 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

OEPA, Chapter 3745-17-08 of the OAC, R8StktiOn of Emission of Fugitive Dust, July 
1997. 

Fluor Fernald, ACR-007, Waste Material Handling Criteria for Construction Projects, 
Rev. 2, June 1998. 

Fluor Fernald, RM-0047, FUgitk8 Dust Control Requirements, Rev. 0, August 1 997. 

40 CFR Part 60, Appendix A, Method 22, Visual Determination of Fugitive Emission for 
Material Sources and smoke Emissions for Flares. 

Fluor Fernald Administrative Contractor Requirements, ACR-002, Contract Safe Work 
Plan Format Requirements, Rev. 2, November 1994. 

Fluor Fernald, RP-0009, Radiological ReqUir8mentS for the Release Of Matefiak at the 
FEMP. 

Stack Release Considerations for the Silo 3 Project document (Doc. No. 40430-CA- 
0003) 

Process Description for the Silo 3 Project (Doc. No. 40430-RP-0003) 

Silo 3 Project Technical Specifications and Project Quality Procedure 7.1, “Control of 
Purchased Items and Services 

Operable Unit (OU) 4 Remedial Investigation (RI) document 

Fluor Fernald‘s Silos Project Environmental Monitoring Plan 

ODNR, “Rainwater and Land Development“ manual 

’ Timed Estimate of Secondary Waste document 

Silo 3 Project Health and Safety Plan 

Fluor Fernald‘s OSDF WAC Attainment Plan. 
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Silt Fence 

10 ft 
p- Maximum -q 
n 

Level Contour, No Slope 

Fence 

be - 
' * * =  J Backfilled . 
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TemDoraw Diversion 

18 in. for Drainage Area 4 Acres 
24 in. for Drainage Area >5 Acres 

, . '  - * f  - 
_. 

- 
c 

Matting, Seed ' 

and Mulch Diversion Slopes 
Shall Not be Entire 
Steeper than 1: 1 Diversion 

>i 

- .  - ,  - 

1. Diversion shall be compacted by traversing with tracked earthmoving equipment. 
2. Diversions shall not be breached or lowered to allow construction traffic to cross; instead, the top 

width may be made wider and side slopes made flatter than specified above. 
3. Diversions shall be stabilized with check dams. 
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-- _ -  . -  .- _ _  .. _ _  .. 
130 f 65 ft 40 ft 30 ft 
200 ft 100ft 65 ft 50 ft 

1. 

2. 

3. 

4. 

SPecifications for Check Dam 

The check dam shall be constructed of H-in.-diameter stone, placed so that it completely 
covers the width of the channel. 

The top of the check dam shall be constructed so that the center is approximately 6 in. lower 
than the outer edges, so water will flow across the center and not around the ends. 

The maximum height of the check dam at the center of the weir shall not exceed 3 ft. 

Spacing between dams shall be as shown in the plans or by the following table: 

Channel Slope 
doh I +lo% I 10-15% I 1520% 

Dam WiaM (fi) 
I 1 I 65 ft I 30 ft I 20 ft I 1.5 fi- 1 

Low Center 
Section - Must 

Cause Flow Over, 
Not Around, 
Check Dam 

Positive Positive 
Slope I Slope 4" - 8" Rock =.; 

Cross Section Profile 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

0. 

9. 

OFF-HOURS DUST CONTROL PROCEDURE 
SILO 3 CONSTRUCTION 

Contractor personnel or their subcontractors with responsibilities for off -hour dust control 
coverage will retain a copy of the Off-Hour Dust Alert Schedule and a Employee Contact 
Sheet at the Fluor Fernald Site Office and in their vehicle or home, Le., the schedule and 
contact sheet should be readily available at all reasonable times. 
Contractor personnel or their subcontractors working on Silo 3 Project construction activities 
are responsible for being aware of their duties and responsibilities regarding off-hour dust 
control. 
If a scheduling conflict arises, personal or othewise, the affected person is responsible for 
making the required revisions to the Off-Hour Dust Alert Schedule to ensure that adequate 
personnel coverage is maintained at all times. The responsible person for the Contractor or 
hidher designee must approve all revisions to this schedule. A copy of the modified 
schedule must be distributed to all affected Contractor and Fluor Fernald personnel no later 
than the Thursday before the affected week in the schedule. 
Each week the Contractor will designate one person as the qualified water wagon operator 
and one person as the sprinkler system operator. The Contractor-DPC and the designated 
operators must be fully trained and medically cleared to operate in a Controlled Area. 
When the Contractor is notified by Fluor Fernald that off-hour dust control is required, the 
Contractor DPC or hidher equivalent will contact the designated operators and coordinate 
the implementation of this dust control procedure, as detailed in the approved Fugitive Dust 
Control Plan. 
If either of the designated operators have not responded within 15 minutes of initial attempts 
to contact them, alternative operators will be contacted until available operators can be 
found. These operators must also be fully trained and medically cleared to operate in a 
Controlled Area. 
It is the responsibility of the Contractor DPC to keep the designated Fluor Fernald 
Management Contact informed of all efforts to contact operators and to give details ' 
concerning their estimated arrival times at the Silo 3 Project site. 
Once on the site, the Contractor DPC and operators, together with the designated Fluor 
Fernald contact, will implement the emergency dust control measures including, but not 
necessarily limited to, the Fugitive Dust Control Plan and the preparation of a Safe Work 
Plan. 
The Contractor DPC is responsible for documenting Contractor's efforts, including contacts 
and response times, and communicating the same to Fluor Fernald and the Silo 3 Project 
Management. The Off-Hour Dust Alert Work Order must be filled out by the Contractor and 
countersigned by the designated Fluor Fernald representative prior to the Contractor leaving 
the Silo 3 Project site. Note: Off-hours dust control is an additive unit pay item to the Silo 3 
Project contract and must be properly documented for payment. 

. 
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OFF-HOURS DUST ALERT 
WORK ORDER 

Date of Response: 

Time of First Contact by Fluor Femald: 
Management Person Responding: 

Operators/Laborers Contacted 

OperatordLaborers Responding 

Time Manager on Site: 

Time Operator/Laborer on Site: 
Time Suppression Activities End: 

Total Elapsed Time: 

Description of Situation Causing Alert: 

Suppression Material and Equipment Utilized (including quantities): 

Describe Area Treated (attach sketch if necessary): 

By: Contractor's Representative Concurrence of Response Completion by Fluor Femald 
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ESTIMATED AMOUNTS OF WASTE STREAMS 

E- 1 000194 



4267’ 
Silo 3 Environmental Control Plan 

w-Type 

Soft waste 
Construction debris 
Soil 

Rev. B 
Jacobs Project Number 35H19605 

April 30, 2002 

Eamated Volume 
(Y@ 
13 
16 

1 OOR 

ESTIMATE OF WASTE DURING CONSTRUCTION 

I vla 

I t r L  I I I  

Caul king, sealers 3 I 
~ 

Concrete rubble & rebar (Silo 3 oDenina1 25’ 

WaglteType 

Spent HEPA filters 
Spent roughing filters 
Spent ULPA filters 
PPE 

Estimated Volume 
(Yd? 
1 3R 
5R 
4’ 
1 2’ 

ESTIMATE OF WASTE DURING OPERATIONS 

Spent HEPA filters 
Spent roughing filters 
Spent ULPA filters 
DDC 

-- - 
1 3R 
5R 
4’ 

4 Q’ 
- 

Sampling waste l R  
Containerizing and labeling waste e l H  
Container cleaning waste 2R 
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e 
Description of Calculation: 

This calculation determines the maximum dose rate and where that dose would occur in the vicinity of the Silo 3 
Exhaust Stack due to the release of radioactive particulates and radon-222 associated With the Silo 3 remedial 
action operations. Silo 3, the equipment, and the process building associated with the remedial action project 
will be ventilated and the captured radon discharged to the atmosphere through an elevated stack system. In 
addition, the pneumatic processing of the Silo 3 waste entails the vacuuming of the powdered waste from Silo 3 
and subsequent removal of the air-entrained waste by capturing the waste in bags for final off-site disposal. The 
air discharged from the bag capture process subsequently is filtered after the bulk of the waste has been bagged. 
This post process filtration would remove most of the particulate activity prior to venting the process air through 
an elevated stack and subsequent atmospheric dispersion of the residual radioactive particulates and radon to the 
environment. The computer calculation of the dose rate (mredyear) from particulates is based on the activity 
emitted by the pneumatic excavator. The result was then corrected by adding (by proportion) the effect from the 
mechanical excavator area and the building ventilation. The radioactive material released from the stack and the 
dose to potential human receptors depends on: 

0 

0 

0 

0 Meteorological parameters, and 
0 

The radioactive particulate and radon-222 concentrations in the stack discharge 
The stack height and diameter 
The rate of discharge and its temperature. 

Potential receptor locations and exposure scenarios. 

An EPA atmospheric dispersion code, CAP88 - PC. was used to estimate atmospheric dispersion of radioactive 
particulates and radon-222 released and to determine the dose at the location of maximum dose. This computer 
code is based on Gaussian dispersion of gases and airborne particulates from area or stack sources, and uses site- 
specific meteorological data and source design considerations. 

Assumptions: 

0 The joint-frquency distribution of wind speed and atmospheric stability as a function of 16 directions 
abtained in Feagibility Study Repot? for Operable Unit 2, Vo1.4, Appendix D. Femald Environmental 
Munagemenf Projecr, (March 1995) is indicative of average climatic conditions in the Vicinity of Silo 3 
(Attachment A). 
Stack height and outlet diameter of 125' and 24". respectively. 
Discharge rate of 10,900 cfm at 100 OF 
loo0 m atmospheric mixing height (Lid) 
Estimates of radioactive particulate and radon concentrations in the stack discharge provided by Hazard 
Category Calculations for Silo 3, 40430-RP-OOO6 and Drawing 94x-3900-F-01428 Sheet F-001, Rev A 
3900, respectively: 

0 

0 

ooozz2o 3 



Radionuclide Concentration, 
95% Upper Confidence Level 

(PCW 

Ac-277 925 
Ac-228 406 
9 %  > 
Radionuclide 

Bi-210 
Fr-223 
Pa-23 1 
Pa-234 
Pa-234m 
Pb-2 1 0 
Po-2 10 
Ra-223 
Ra-224 
Ra-226 
Ra-228 
Th-227 
Th-228 
Th-230 
Th-23 1 
Th-232 
Th-234 
U-234 
U-235/236 
u-238 

Concentration, 
95% Upper Confidence Level 

(PCW 

3,480 
13 

627 
2 

1,778 
3,480 
3,480 
925 
367 

3,870 
406 
92 

747 
60,200 

117 
842 

1,780 
1,730 

117 
1,780 

Filtration efficiency of cascade filtration system for particulate removal from process air stream: 95% 99% 
and 97%. 
Standard exposure and default assumptions of CAP88-PC. 

%" 
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Ycuhtion Inputs: 

Joint frequency of wind speed as a function of direction and stability class (Attachment A) 
Stack height and outlet diameter of 125' and 24". respectively and a momentum discharge velocity of 3470 ftlmin, 
corresponding to a discharge rate of 10,900 ft'hin. 
Rural exposure condition. 
Radiological properties and annual radioactive particulate and radon-222 activity discharge per year calculated 
from initial waste concentrations as follow: 

'articulate Release Rate 

'neumatic excavator release rate (Ci/yr) = Project through put rate (10 y d h )  x bulk density (42.4 lbdf?) x activity 
er radionuclide in waste ( 8.72~10' pWg)'x bag retention fraction (0.005) x cartridge filter retention factor (0.001) x 
IEPA filter retention factor (0.0003) x conversion factors = 1.89~10"~ Ci/sec 

'otal release rate (Cilyr) = 11.5 lbs/hour (Heat and Material Balance) x ( 8.72~10' pCi/g) x conversion factors = 
.22x lo-'* Cilsec 

ladon Release Rate 

telease rate (Cilyear) = 213 pCi/l at 10,900 ft3/min x (28.3 Yft3) x (mid60 sec) x 3.15 xlO' s e c / j ~  

= 3.47 x 10' Ci/yr 

burce input release rates are as follows: 

SOURCERELEASERATE 

quclide Class Size 

Rn-222 
Ac-227 
Ac-228 
Bi-210 
Pr-223 
Pa-231 
Pa-234 
Pa-23 4m 
Pb-210 
Po-210 
Ra-223 
Ra-224 
Ra-226 
Ra-228 
Th-227 

-- 
* 0.00 
D 1.00 
w 1.00 
w 1.00 
D 1.00 
w 1.00 
w 1.00 
w 1.00 
D 1.00 
w 1.00 
w 1.00 
w 1.00 
w 1.00 
w 1.00 
w 1.00 

source 
Release 
Rate 
(CW) 

3.5E+01 
6.3E-08 
2.8E-08 
2.4E-07 
8.8E-10 
4.3E-08 
1.4E-10 
1.2E-07 
2.4E-07 
2.4E-07 
6.3E-08 
2. SE-08 
2.6E-07 
2.8E-08 
6.3E-09 
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SOURCE RELEASE RATE (Cont'd) 

Nuclide Class Size Source 
Release 
Rate 
(Ciyr) 

Th-228 
Th-230 
Th-231 
Th-232 
Th-234 
U-234 
U-235 
U-236 
U-238 

Y 1.00 5.1E-08 
W 1.00 4.1E-06 
W 1.00 8.OE-09 
W 1.00 5.7E-08 
Y 1.00 1.2E-07 
W 1.00 1.2E-07 
W 1.00 8.OE-09 
W 1.00 8.OE-09 
Y 1.00 1.2E-07 

0 Exposure locations to evaluate air dispersed radioactive particulates and radon-222 concentrations and dose: 
300m,500m, 700m. 1000m, 1300 m, 1500 m, 2000 m, 2300 m, 2400 m, 2600 m, 2900 m, and 3500 m for 16 
uniformly distributed directions relative to the Silo 3 stack. 

6 000223 
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Project: 35).119605 
Calculation Number: 40430 -CA-0003 
Page 7 of 8 

Calculation Section: 

I'he atmospheric releasddispersionlexposure calculations were performed using the annual estimate release rates for 
the major radionuclide in the Silo 3 waste. Radionuclide concentrations and doses were calculated as a function of 16 
uniformly distributed directions and potential receptor locations of 300m. SOm, 7oOm, lOOOm, 1300 m, 1500 m, 2000 
m, 2300 m, 2400 m, 2600 m, 2900 m. and 3500 mm from the stack. The location of maximum dose was determined, as 
well. The calculated results are detailed in Attachment B. 

7 
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ConclusiondRmmmendations: 

For a 125' stack 24" in diameter discharging particulates and radon-222 at a rate of 10,900 ft'/min corresponding to a 
jischarge velocity of 3470 Wmin, the maximum exposurddose occurs at a distance loo0 m from the stack location and 
in the north-easterly direction. Exposure of a N ~ I  receptor at that location to particulates and radon-222 resulting 
kom the pneumatic extraction and packaging of Silo 3 waste would yield an estimated dose of 4.25 x 10' m r d y r .  

rhe total dose was found by proportion (1.22~10-'~/1 .89x10"') to be 2.74~10" mremlyear. 

rhe total dose from radon lOOOm to the northeast was found to be 0.79 mendyear. 

Reference: 

Feasibility Study Repon for Operable Unit 2, vo1.4, Appendix D, Fernald Environmental Management Project, 
(March 1995) 

Hazard Category Calculations for Silo 3.40430-RP-OOO6 

Drawing 94x-3900-F-01428 Sheet F-001, Rev A 3900 
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ATTACHMENT A 

Fernald EnvironmentaI Management Project Joint Frequency Distribution 
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* ATTACHMENT A 

Fernald Environmental Management Project Joint Frequency Distribution 

Wind Wind Speed (kts) 
Direction </= 3 </= 6 </= 10 </= 16 </= 21 > 21 

Stability Class A 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 
wsw 

W 
WNW 
Nw 

NNW 

0.00026 
0.00029 
0.00082 
0.00143 
0.00105 
0.00070 
0.00047 
0.00058 
0.00070 
0.00102 
0.00128 
0.00175 
0.00099 
0.00061 
0.00058 
0.00035 

Stability C l a s s  B 

N 
NNE 
NE 
ENE 
E 

ESE 
SE 
SSE 

S 
SSW 
SW 

WSW 
W 

WNW 
Nw 
m. 

0.00003 
0.00012 
0.00035 
0.00032 
0.00047 
0.00026 
0.00023 
0.00026 
0.00041 
0.00053 
0.00061 
0.00061 
0.00067 
0.00023 
0.00026 
0.00015 

0.00090 
0.00155 
0.00289 
0.00443 
0.00201 
0.00080 
0.00044 
0.00055 
0.00158 
0.00435 
0.00508 
0.00476 
0.00388 
0.00181 
0.00158 
0.00131 

0.00082 
0.00053 
0.00096 
0.00146 
0.00067 
0.00026 
0.00020 
0.00047 
0.00114 
0.00155 
0.00204 
0.00169 
0.00117 
0.00079 
0.00067 
0.00064 

0.00090 
0.00067 
0.00120 
0.00204 
0.00020 
0.00006 
0.00000 
0.00000 
0.00120 
0.00380 
0.00476 
0.00365 
0.00327 
0.00263 
0.00140 
0.00128 

0.00070 
0.00050 
0.00061 
0.00055 
0.00018 
0.00003 
0.00003 
0.00009 
0.00032 
0.00131 
0.00207 
0.00128 
0.00123 
0.00088 
0.00102 
0.00090 

0.00006 
0 f 00000 
0.00003 
0.00012 
0.00015 
0.00000 
0.00000 
0.00000 
0.00000 
0: 00015 
0.00055 
0.00020 
0.00047 
0.00053 
0.00012 
0.00006 

0.00012 
0.00006 
0.00006 
0.00015 
0.00003 
0.00000 
0.00000 
0.00003 
0.00000 
0.00018 
0.00023 
0.00018 
0.00015 
0.00020 
0.00020 
0.00009 

0.00000 
0.00000 

. o .  00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 . 
0.00000 
0 .00000  
0 .00000  
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0 . 0 0 0 0 0  
0 .00000 
0.00000 
0.00000 
0 .00000  
0.00000 
0.00000 
0 . 0 0 0 0 0  
0.00000 
0.00000 
0 . 0 0 0 0 0  
0.00000 
0.00000 
0.00000 
0 . 0 0 0 0 0  

0 .00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .00000  
0 . 0 0 0 0 0  
0.00000 
0 .00000  
0.00000 
0 . 0 0 0 0 0  
0.00000 
0.00000 
0 . 0 0 0 0 0  
0.00000 
0.00000 

. .  
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ATTACHMENT A 

Fernald Environmental Management Project Joint Frequency Distribution (cont’d) 

Stability Class C 

N 
NNE 
NE 
ENE 
E 

ESE 
SE 

SSE 
S 

SSW 
sw 

wsw 
W 

WNW 
Nw 
NNW 

0.00020 
0.00018 
0.00041 
0.00070 
0.00105 
0.00067 
0.00032 
0.00015 
0.00032 
0.00055 
0.00090 
0.00076 
0.00079 
0.00032 
0.00023 
0.00023 

Stability C l a s s  D 

N 
NNE 
NE 
ENE 
E 

ESE 
SE 

SSE 
S 

SSW 
SW 

WSW 
W 

WNW 
Nw 
NNW 

0.00210 
0.00283 
0.00446 
0.00633 
0.00449 
0.00324 
0.00263 
0.00280 
0.00306 
0.00581 
0.00785 
0.00837 
0.00706 
0.00479 
0.00373 
0.00298 

0.00085 
0.00131 
0.00149 
0.00172 
0.00088 
0.00058 
0.00047 
0.00047 
0.00117 
0.00175 
0.00274 
0.00242 
0.00128 
0.00134 
0.00134 
0.00108 

0.00872 
0.010S3 
0.01342 
0.01783 
0.00613 
0.00298 
0.00263 
0.00362 
0.00659 
0.01409 
0.01447 
0.01120 
0.01155 
0.01042 
0.00904 
0.00884 

0.00108 
0.00078 
0.00102 
0.00044 
0.00020 
0.00006 
0.00009 
0.00006 
0.00055 
0.00158 
0.00175 
0.00125 
0.00114 
0.00125 
0.00114 
0.00096 

0.00922 
0.00826 
0.00750 
0.00916 
0.00108 
0.00012 
0.00035 
0.00111 
0.00289 
0.00744 
0.00802 
0.00627 
0.00948 
0.01062 
0.00726 
0.00563 

0.00023 
0.00006 
0.00009 
0.00026 
0 00006 
0,00000 
0.00000 
0.00006 
0.00006 
0.00006 
0.00018 
0.00020 
0.00032 
0.00020 
0.00012 
0.00003 

0.00108 
0.00114 
0.00050 
0.00204 
0.00009 
0.00000 
0.00000 
0.00020 
0.00032 
0.00181 
0.00105 
0.00116 
0.00143 
0.00155 
0.00096 
0.00105 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00003 
0.00000 
0.00000 
0.00000 
0.00000 
0.00003 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00006 
0.00000 
0.00000 
0.00000 
0.00009 
0.00006 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
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ATTACHMENT A 

Fernald Environmental Management Project Joint Frequency Distribution (cont'd) I 

I Stability Class E 

N 
NNE 
NE 
ENE 
E 

ESE 
SE 
SSE 
S 

SEW 
. sw 
wsw 
W 

WNW 
Nw 

NNW 

0.00362 
0.00260 
0.00298 
0.00869 
0.00820 
0.00479 
0.00484 
0.00557 
0.00697 
0.011S8 
0.01850 
0.01780 
0.01249 
0.00948 
0.00834 
0.00621 

Stability Class F 

N 
NNE 
NE 
ENE 
E 

ESE 
SE 
SSE 
S 

ssw 
sw 
wsw 

W 
WNW 
Nw 

NNW 

0.00499 
0.00525 
0.00508 
0.00910 
0.01336 
0.00893 
0.00592 
0.00546 
0.00700 
0.01182 
0.01958 
0.02681 
0.02976 
0.02932 
0.02279 
0.01152 

0.00388 
0.00309 
0.00347 
0.00922 
0.00274 
0.00125 
0.00172 
0.00341 
0.00767 
0.01403 
0.01826 
0.01033 
0.01001 
0.00761 
0.00467 
0.00382 

0.00012 
0.00009 
0.00012 
0.00161 
0.00090 
0.00006 
0.00032 
0.00018 
0.00047 
0.00120 
0.00210 
0.00187 
0.00067 
0.00023 
0.00076 
0.00088 

0.00076 
0.00079 
0.00044 
0.00181 
0.00023 
0.00015 
0,00029 
0.00128 
0.00336 
0.00680 
0.00741 
0.00330 
0.00414 
0.00330 
0.00111 
0.00108 

0.00000 
0.00003 
0.00000 
0.00012 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00026 
0.00003 
0.00006 
0.00003 
0.00003 
0.00006 
0.00006 

0.00003 
0.00018 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00020 
0.00064 
0.00169 
0.00064 
0.00064 
0.00015 
0.00058 
0.00018 
0.00026 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
Q. 00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0 * 00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
,o.  00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 



--- 
I 

1 4  

e- 

a 

\ A  ' I/ t.' . .. , A 
e Tt 

Project: 35H19605 
Calculation Number: 
Page 

40430 - CA - OOOq E N  0 I N E E R I N a@ 

ATTACHMENT B 

CAP-PC Output 

This attachment includes the CAP88-PC output for a 125' stack 24" in diameter discharging radiologically 
contaminated air (radioactive particulates and radon-222) at a 10,900 ft3/min rate, corresponding to a 
discharge velocity of 3470 ft/min. 

CAP88-PC Output includes the following pages: 

Synopsis report 
General Data 
Weather Data 
Concentration Tables 
ChVQ Tables 

Cover Page plus Page 2 
Cover Page plus Pages 1 through 10 
Cover Page plus Pages 1 and 2 
Cover Page plus Pages 1 through 125 
Cover Page plus Pages 1 through 24 

. 
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Version 2.00 

Clean Air Act Assessment Package - 1988 

S Y N O P S I S  R E P O R T  

Radon Individual Assessment 
Mar 11, 2002 02:42 pm 

Facility: Fernald Silo 3 Particulates/Radon Stack Release 
Address: Fernald 

City: Fernald 
State: OH zip : 

Source Category: 
* Source Type: Stack 
Emission Year: 2002 

Comments : 

Effective Dose Equivalent 
(mrem/yearl 

4.253-04 

At This Location: 1000 Meters Northeast 
Dataset Name: Fernald Silo 3 
Dataset Date: Mar 11, 2002 02:42 pm 

Wind File: C:\CAP88PC2\WNDFILES\NEWFREDB.WND 



I Mar 11, 2002 02:42 pm 

RN-222 MAXIMALLY EXPOSED INDIVIDUAL 

Location Of The Individual: 1000 Meters Northeast 

Decay Product Concentration (a): 3.73E-06 
Radon Concentration (pCi/l): 1.20E-03 

Lifetime Fatal Cancer Risk: 4.91E-06 

4 2 6 7  
SYNOPSIS 
Page 1 

RADIONUCLIDE EMISSIONS DURING THE YEAR 2002 

Source 
#1 TOTAL 

Nuclide Class Size Ci/y Ci/y 

RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 

- -  PB-2 10 ~~ 

PO-210 @ RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-2 3 4 
U-235 
U-236 
U-238 

* 
D 
W 
W 
D 
W 
W 
W 
D 
W 
W 
W 
W 
W 
W 
Y 
W 
W 
W 
Y 
W 
W 
W 
Y 

0.00 3.5E+01 3.5E+01 
1.00 6.3E-08 6.3E-08 
1.00 2.83-08 2.83-08 
1.00 2.4E-07 2.4E-07 
1.00 8.8E-10 8.8E-10 
1.00 4.3E-08 4-33-08 
1.00 1.4E-10 1.4E-10 
1.00 1.2E-07 1.2E-07 
1.00 2.43-07 2.4E-07 
1.00 2.43-07 2-43-07 
1.00 6.33-08 6.3E-08 
1.00 2.5E-08 2.5E-08 
1.00 2.6E-07 2.6E-07 
1.00 2.8E-08 2.8E-08 
1.00 6.33-09 6-33-09 
1.00 5.1E-08 5.1E-08 
1.00 4.1E-06 4.1E-06 
1.00 8.OE-09 8.OE-09 
1.00 5-73-08 5-93-08 
1.00 1.2E-07 1.2E-07 
1.00 1.2E-07 1.2E-07 
1.00 8.OE-09 8.OE-09 
1.00 8.OE-09 8.OE-09 
1.00 1.2E-07 1.2E-07 

SITE INFORMATION 

Temperature: 12 degrees C 
Precipitation: 104 cm/y 
Mixing Height: 1000 m 
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Version 2.00 

Clean Air Act Assessment Package 

G E N E R A L  D A T A  

Radon Individual Assessment 
Mar 11, 2002 02:42 pm 

- 1988 

Facility: Fernald Silo 3 Particulates/Radon Stack Release 
Address : Fernald 

City: Fernald 
State: OH Zip: 

Source Category: 
Source Type: Stack 

Emission Year: 2002 

comments : 

Dataset Name: Fernald Silo 3 
Datqset Date: Mar 11, 2002 02:42 pm 

Wind File: C:\CAP88PC2\WNDFILES\NEWFREDB.m 

000234 
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GENERAL 
Page 1 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

. .  j L -  

RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 

* 
D 
W 
W 
D 
W 
W 
W 
D 
W 
W 
W 
W 
W 
W 
Y 
W 
W 
W 
Y 
W 
W 
W 
Y 

0.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

O.OOE+OO 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 
1.04E-05 

O.OOE+OO 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.8OE-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 
1.80E-03 

Dry 
Particle Scavenging Deposition 

Clearance Size Coefficient Velocity 
Nuclide Class (microns ) (per second) (m/s) 

4 
.. a . - ,  . ' 
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Mar 11, 2002 02:42 pm 

VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS 

GENERAC 4 2 8 1  
Page 2 

DECAY CONSTANT (PER DAY) 
TRANSFER COEFFICIENT 

- ~- ~ 

Radio- 
Nuc 1 i de active (1) Surface Water Milk (2) Meat (3) 

RNL222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 

1.81E-01 
O.OOE+OO 
2.71E+00 
1.38E-01 
4.58E+01 
O.OOE+OO 
2.48E+00 
8.53E+02 
O.OOE+OO 
O.OOE+OO 
6.06E-02 
1.91E-01 

O.OOE+OO 
3.70E-02 
0.00E+00 
O.OOE+OO 
6.52E-01 
O.OOE+OO 
2.883-02 

0.00E+00 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

5.48E-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.483-05 
5.48E-05 
5.483-05 
5.483-05 
5.483-05 
S.48E-05 
5.483-05 

O.OOE+OO O.OOE+OO 
O.OOE+OO 2.00E-05 
O.OOE+OO 2.00E-05 
O.OOE+OO 5.00E-04 
O.OOE+OO 2.00E-02 
O.OOE+OO 5.00E-06 
O.OOE+OO S.00E-06 
0.00Ej00 5.00E-06 
O.OOE+OO 2.503-04 
O.OOE+OO 3.503-04 
O.OOE+OO 4.5OE-04 
O.OOE+OO 4.503-04 
O.OOE+OO 4.503-04 
0.00E+00 4.503-04 

* O.OOE+OO 5.00E-06 
0.00E+00 5.00E-06 
O.OOE+OO 5.00E-06 
O.OOE+OO 5.00E-06 
0.00E+00 5.00E-06 
O.OOE+OO 5.00E-06 
O.OOE+OO 6.00E-04 
O.OOE+OO 6.00E-04 
O.OOE+OO 6.00E-04 
O.OOE+OO 6.00E-04 

0.00E+00 
2.50E-05 
2.50E-05 
4.00E-04 
2.50E-03 
1.00E-05 
1.OOE-05 
1.00E-05 
3.00E-04 
9.50E-05 
2.50E-04 
2.50E-04 
2.50E-04 
2.50E-04 
6.00E-06 
6.00E-06 
6.00E-06 
6.00E-06 
6.00E-06 
6.00E-06 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 

FOOTNOTES: (1) Effective radioactive decay constant in plume; 
set to zero if less than 1.OE-2 

(2) Fraction of animal's daily intake of nuclide 
which appears in each L of milk (days/L) 

(3) Fraction of animal's daily intake of nuclide 
which appears in each kg of meat (days/kg) 
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CONCENTRATION 
UPTAKE FACTOR. GI UPTAKE FRACTION - 

Nuc 1 ide Forage (1) Edible (2 ) Inhalation Ingest ion 

RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 

FOOTNOTES : 

O.OOE+OO 
3.50E-03 
3.50E-03 
3.50E-02 
3.00E-02 
2.50E-03 
2.50E-03 
2.503-03 , 

4.50E-02 
2.50E-03 
1.50E-02 
1.50E-02 
1.50E-02 
1.50E-02 
8.50E-04 
8 - 50E-04 
8.50E-04 
8.50E-04 
8.50E-04 
8.50E-04 
8.50E-03 
8.50E-03 
8 i 50E-03 
8.50E-03 

O.OOE+OO 
1.50E-04 
1.50E-04 
2.14E-03 
3.423-03 
1.07E-04 
1.07E-04 
1.07E-04 
3.853-03 
1.71E-04 
6.423-04 
6.423-04 
6.423-04 
6.423-04 
3.643-05 
3.643-05 
3.643-05 
3.643-05 
3.643-05 
3.643-.05 
1.71E-03 
1.71E-03 
1.71E-03 
1.71E-03 

O.OOE+OO 
1.00E-03 
1.00E-03 
S. 00E-02 
9.50E-01 
1.00E-03 
1.00E-03 
1.00E-03 
2.00E-01 
1.00E-01 
2.00E-01 
2.00E-01 
2.00E-01 
2.00E-01 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-03 
2.00E-03 
2.00E-03 
2.00E-03 

(1) Concentration factor for uptake of nuclide 
from soil for pasture and forage 
(in pCi/kg dry weight per pCi(kg dry soil) 

(2) Concentration factor for uptake of nuclide 
from soil by edible parts of crops 
(in pCi/kg wet weight per pCi/kg dry soil) 

0.00E+00 
1.00E-03 
1.00E-03 
5.00E-02 
9.50E-01 
1.00E-03 
1.00E-03 
1.00E-03 
2.00E-01 
1.00E-01 
2.00E-01 
2.00E-01 
2.00E-01 
2.00E-01 
2.00E-04 
2.OoE-04 
2.00E-04 
2.00E-04 
2.003-04 
2.00E-04 
2.00E-01 
2.00E-01 
2.00E-01 
2.00E-01 

c 
000237 
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HUMAN INHALATION RATE 
Cubic centimeters/hr 

SOIL PARAMETERS 
Effective surface density (kg/sq m, dry weight) 
(Assumes 15 cm plow layer) 

BUILDUP TIMES 
For activity in soil (years) 
For radionuclides deposited on ground/water (days 

DELAY TIMES 
Ingestion of pasture grass by animals (hr) 
Ingestion of stored feed by animals (hr) 
Ingestion of leafy vegetables by man (hr) 
Ingestion of produce by man (hrl 
Transport time from animal feed-milk-man (day) 
Time from slaughter to consumption (day) 

r -  

WEATHERING 
Removal rate constant for physical loss (per hr) 

e- 
CROP EXPOSURE DURATION 

Pasture grass (hr) 
Crops/leafy vegetables (hr) 

AGRICULTURAL PRODUCTIVITY 
Grass-cow-milk-man pathway (kg/sq m) 
Produce/leafy veg for human consumption (kg/sq m) 

FALLOUT INTERCEPTION FRACTIONS 
Vegetables 
Pasture 

GRAZING PARAMETERS 
Fraction of year animals graze on‘pasture 
Fraction of daily feed that is pasture grass 
when animal grazes on pasture 

2.90E-03 

2.80E-01 
7.16E-01 

2.00E-01 
5.70E-01 

4.00E-01 

4.30E-01 
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS e 
ANIMAL FEED CONSUMPTION FACTORS 

Contaminated feed/forage (kg/day, dry weight) 

DAIRY PRODUCTIVITY 
Milk production of cow (L/day) 

MEAT ANIMAL SLAUGHTER PARAMETERS 
Muscle mass of animal at slaughter (kg) 
Fraction of herd slaughtered (per day) 

DECONTAMINATION 
Fraction of radioactivity retained after washing 
for leafy vegetables and produce 

FRACTIONS GROWN IN GARDEN OF INTEREST 
Produce ingested 
Leafy vegetables ingested 

- -  

INGESTION RATIOS: 
IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA 

Vegetables 
Meat 
Milk 

MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA 
(Minimum fractions of food types from outside 
area listed below are actual fixed values.) 

Vegetables 
Meat 
Milk 

HUMAN FOOD UTILIZATION FACTORS 
Produce ingestion (kg/y) 
Milk ingestion (L/y) 
Meat ingestion (kg/y) 
Leafy vegetable ingestion (kg/y) 

SWIMMING PARAMETERS 
Fraction of time spent swimming 
Dilution factor for water (cm) 

1.56E+01 

1.10E+01 

2.00E+02 
3.81E-03 

5.00E-01 

7.60E-02 
8.00E-03 
O.OOE+OO 

1.76E+02 
1.12E+02 
8. SOE+O1 
1.80E+01 

000233 
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EXPOSURE LEVELS FOR SHORT-LIFE PROGENY OF RN-222 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Exposure Level Adjusted Adjusted 
Wind Distance (Person WL) Equilibrium Exposure 
Toward (Meters) (.7 EQF) Fraction Level 

N 
. N  
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 

WNW 
WNW 
WNW 
WNW 
WNW 
WNW 

300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 

2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 

io00 

2.3703-06 
2.4493-06 
3.0203-06 
3.4123-06 
3.0483-06 
2.7843-06 
2.5393-06 
2.2223-06 
1.9663-06 
1.8913-06 
1.7583-06 
1.6973-06 
1.3093-06 
1.1713-06 
1.3543-06 
1.8093-06 
2.1623-06 
1.9763-06 
1.8243-06 
1.6753-06 
1.4793-06 
1.3173-06 
1.2703-06 
1.1843-06 
1.1463-06 
8.9233-07 
9.4793-07 
1.0753-06 
1.3473-06 
1.5883-06 
1.4753-06 
1.3763-06 
1.2803-06 
1.151E-06 
1.0443-06 
1.012E-06 
9.5513-07 
9.2903-07 
7.4413-07 
1.3953-06 
1.4353-06 
1.6253-06 
1.7633-06 
1.5983-06 
1.4783-06 

0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 

9.4123-07 
1.0113-06 
1.2843-06 
1.5163-06 
1.4063-06 
1.3173-06 
1.2273-06 
1.1083-06 
1.009E-06 
9.7983-07 
9.2703-07 
9.0293-07 
7.4423-07 
4.6513-07 
5.5893-07 
7.6883-07 
9.6043-07 
9.1183-07 
8.6233-07 
8.0953-07 
7.3743-07 
6.7583-07 
6.5783-07 
6.2473-07 
6.0953-07 
5-0733-07 
3.7643-07 
4.4393-07 
5.7263-07 
7.0573-07 
6.8043-07 
6.5093-07 
6.1833-07 
5.7373-07 
5.3553-07 
5.2433-07 
5.0383-07 
4.9423-07 
4.2313-07 
5.5423-07 
5.9233-07 
6.9053-07 
7.8343-07 
7.3723-07 
6.9893-07 

000240 
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EXPOSURE LEVELS FOR SHORT-LIFE PROGENY OF RN-222 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
W 
W 
W 
W 
W 
W 
W 
W 
W 

. w  
W 
W 
W 

wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 

1.3673-06 
1.2263-06 
1.1153-06 
1.0833-06 
1.0273-06 
1.0013-06 
8.1493-07 
2.6533-06 
2.6463-06 
2.8943-06 
3.0613-06 
2.7503-06 
2.5413-06 
2.3513-06 
2.1133-06 
1.9253-06 
1.8713-06 
1.7743-06 
1.7303-06 
1.4053-06 
4.4033-06 
4 -9783-06 
5.8283-06 
5.9453-06 
5.1223-06 
4.6113-06 
4.1633-06 
3.6083-06 
3.1693-06 
3.0443-06 
2.8183-06 
2 -7163-06 
2.0733-06 
3.0373-06 
3.5293-06 
3.9453-06 
3.6963-06 
3.051E-06 
2.6833-06 
2.3743-06 
2.003E-06 
1.7223-06 
1.6433-06 
1.5043-06 
1.4423-06 

0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 

6,. 6053-07 
6.1133-07 
5.7203-07 
5.6113-07 
5.4143-07 
5.3263-07 
4.6333-07 
1.0533-06 
1.0923-06 
1-2303-06 
1.3603-06 
1.2693-06 
1.201E-06 
1.1363-06 
1.0543-06 
9.8793-07 
9.6943-07 . 
9.3583-07 
9.2053-07 
7.9883-07 
1.7493-06 
2.055E-06 
2.4773-06 
2.6413-06 
2.3633-06 
2.181E-06 
2.0113-06 
1.7993-06 
1.6263-06 
1.5773-06 
1.4863-06 
1.4453-06 
'1.1783-06 
1.2063-06 
1.4573-06 
1.6773-06 
1.6423-06 
1.4083-06 
1.2693-06 
1.1473-06 
9.9883-07 
8.8343-07 
8.5103-07 
7.9323-07 
7.6733-07 

Exposure Level Adjusted Adjusted 
Wind Distance (Person W L )  Equilibrium Exposure 
Toward (Meters) (-7 EQF) Fraction Level 
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EXPOSURE LEVELS FOR SHORT-LIFE PROGENY OF RN-222 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Exposure Level Adjusted Adjusted 
Wind Distance (Person W L )  Equilibrium Exposure 
Toward (Meters) ( .7 EQF) Fraction Level 

sw 
SSW 
ssw 
ssw 
ssw 
ssw 
SSW 
ssw 
SSW 
ssw 
ssw 
ssw 
ssw 
s sw 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SE 
SE 
SE 
SE 
SE 

3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 

1.0743-06 
1.6473-06 
2.4563-06 
2.9683-06 
2.8883-06 
2.4133-06 
2.133E-06 
1.8963-06 
1.611E-06 
1.3953-06 
1.3343-06 
1.2273-06 
1.1803-06 
8.918E-07 
1.5223-06 
2.2183-06 
2.6953-06 
2.7253-06 
2.3273-06 
2.0813-06 
1.8663-06 
1.601E-06 
1.3953-06 
1.3373-06 
1.2343-06 
1.1883-06 
9.022E-07 
1.850E-06 
2.4023-06 
2.954E-06 
3.1593-06 
2.7813-06 
2.5343-06 
2.3163-06 
2.0493-06 
1.8423-06 
1.7843-06 
1.680E-06 
1.6333-06 
1.3063-06 
2.383E-06 
2.8963-06 
3.501E-06 
3.7813-06 
3.3593-06 

0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 

0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 

' 0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 

8 0.30 

6.107E-07 
6.5433-07 
1.014E-06 
1.2613-06 
1.2833-06 
1.113E-06 
1.009E-06 
9.160E-07 
8.0333-07 
7.1563-07 
6.911E-07 
6.4733-07 
6.2783-07 
5.070E-07 
6.0443-07 
9.1583-07 
1.1453-06 
1.211E-06 . .  
1.0743-06 
9.8403-07 
9.014E-07 
7.9843-07 
7.160E-07 
6.9273-07 
6.5073-07 
6.3183-07 
5.130E-07 
7.3473-07 
9.9153-07 
1.2553-06 
1.4033-06 
1.2833-06 
1.1983-06 
1.119E-06 
1.021E-06 
9.453E-07 
9.2413-07 
8.8593-07 
8.687E-07 
7.4273-07 
9.4653-07 
1.1963-06 
1.4883-06 
1.680E-06 
1.5503-06 
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EXPOSURE LEVELS FOR SHORT-LIFE PROGENY OF RN-222 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 
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Exposure Level Adjusted Ad jus  ted 
Wind Distance (Person WL) Equilibrium Exposure 
Toward (Meters) (.7 EQF) Fraction Level 

SE 
. SE 
SE 
SE 
SE 
SE 
SE 
SE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 

- ESE 
ESE 
ESE 
ESE 
ESE 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
m 
ENFi 
ENE 
ENE 

i -  

1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
'3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 

3.0823-06 
2.8383-06 
2.5483-06 
2.3323-06 
2.273E-06 
2.1693-06 
2.123E-06 
1.7623-06 
2.810E-06 
3.598E-06 
4.5603-06 
4.9823-06 
4.3963-06 
4.006E-06 
3.6633-06 
3.2533-06 
2.9493-06 
2.8673-06 
2.7223-06 
2.6593-06 
2.1893-06 
4.5283-06 
4.930E-06 
5.8953706 
6.3543-06 
5.6043-06 
5.108E-06 
4.6673-06 
4.130E-06 
3.7213-06 
3.6083-06 
3.4073-06 
3.3173-06 
2.6843-06 
5.6233-06 
5.4913-06 
6.4563-06 
7.1923-06 
6.4713-06 
5.9573-06 
5.4853-06 
4.8873-06 
4.411E-06 
4.2753-06 
4.030E-06 

0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 

1.4573-06 
1.3713-06 
1.2703-06 
1.1973-06 
1.1773-06 
1.1443-06 
1.1293-06 
1.002E-06 
1.116E-06 
1.486E-06 
1.9383-06 
2 -2133-06 
2.0283-06 
1.8943-06 
1.7703-06 
1.6223-06 
1.5133-06 
1.4853-06 
1.4363-06 
1.4143-06 
1.2443-06 
1.7983-06 
2.0353-06 
2.505E-06 
2.8233-06 
2.586E-06 
2.415E-06 
2.2553-06 
2.0593-06 
1.9093-06 
1.8693-06 
1.797E-06 
1.7653-06 
1.5263-06 
2.2333-06 
2.2673-06 
2.7443-06 
3.1953-06 
2.9863-06 
2.8173-06 
2.6503-06 
2.4363-06 
2.2643-06 
2.2143-06 
2.1253-06 



EXPOSURE LEVELS FOR SHORT-LIFE PROGENY OF RN-222 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Exposure Level Adjusted Adjusted 
Wind Distance (Person WL) Equilibrium Exposure 
Toward (Meters 1 (.7 EQF) Fraction Level 

ENE 
ENE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 
300 
500 
700 
1000 
1300 
1500 
1700 
2000 
2300 
2400 
2600 
2700 
3500 

3.9193-06 
3.1393-06 
5.9653-06 
6.070E-06 
7.410E-06 
8.401E-06 
7.5473-06 
6.9253-06 
6.344E-06 
5.5943-06 
4.9853-06 
4.8083-06 
4.4883-06 
4.3433-06 
3.3853-06 
4.6793-06 
4.9213-06 
6.019E-06 
6.5923-06 
5.810E-06 
5.2803-06 
4.7993-06 
4.187E-06 
3.697E-06 
3.5553-06 
3.300E-06 
3.1853-06 
2.4483-06 

0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 
0.28 
0.29 
0.30 
0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.36 
0.37 
0.37 
0.40 

2.0853-06 
1.7853-06 
2.3693-06 
2.5063-06 
3.1493-06 
3.7323-06 
3.482E-06' 
3.2743-06 
3.0653-06 
2.7893-06 
2.558E-06 
2.4913-06 
2.367E-06 
2.310E-06 
1.9253-06 
1.8583-06 
2.032E-06 
2.5583-06 
2.929E-06 
2.6813-06 
2.4973-06 
2.3183-06 
2.088E-06 
1.8973-06 
1.8423-06 
1.7413-06 
1.6953-06 
1.3923-06 

SOURCE INFORMATION 

Source Number: 1 

Stack Height (m): 38. 
Diameter (m): 1. 

Plume Rise 
Momentum (m/s) : 18. 
(Fxi t Velocity) 

DISTANCES (M) USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

300 500 700 1000 1300 1500 1700 2000 2300 2400 
2600, 2700 3500 
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Comments : 

Fernald Silo 3 
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HARMONIC AVERAGE WIND SPEEDS (WIND TOWARDS) a 

.. . - .  

a- 

e 

WEATHER 4 2 6 1  
Page 1 

~ 

Pasquill Stability Class 

Wind 
Dir A B C D E F G Freq 

N 1.938 1.785 2.092 1.778 1.448 0.807 0.000 0.046 
NNW 
Nw 

WNW 
W 

wsw 
sw 
ssw 
S 

SSE 
SE 
ESE 

E 
ENE 

NE 
NNE 

1.170 
1.166 
1.275 
1.543 
1.976 
2.004 
2.218 
2.352 
2.373 
2.160 
2.569 
2.387 
2.080 
2.431 
2.388 

1.561 
1.202 
1.236 
1.475 
2.195 
2.031 
2.497 
3.121 
2.689 
2.502 
2.514 
1.980 
2.129 
2.368 
2.211 

1.852 
1.424 
1.183 
1.246 
1.820 
2.218 
2.507 
2 -713 
2.442 
2 -600 
2.487 
1.931 
2.067 
2.096 
2.248 

1.453 
1.244 
1.177 
1.393 
2.018 
2.024 
2.319 
2.522 
2.123 
2.076 
2.121 
1.843 
1.607 
1.768 
1.947 

1.180 
0.978 
0.920 
0.951 
1.292 
1.297 
1.394 
1.300 
1.158 
1.108 
1.304 
1.273 
1. I48 
1.364 
1.532 

0.789 
0.800 
0.775 
0.807 
0.870 
0.784 
0.784 
0.785 
0.815 
0.791 
0.777 
0.784 
0.810 
0.829 
0.838 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.. 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.026 
0.021 
0.025 
0.044 
0.079 
0.048 
0.041 
0.041 
0.049 
0.068 
0.089 
0.102 
0.106 
0.120 
0.093 

ARITHMETIC AVERAGE WIND SPEEDS (WIND TOWARDS) 

Pasquill Stability Class 

Dir A B C D E F G 

N 
NNW 
Nw 

WNW 
W 

WSW 
sw 
ssw 

S 
SSE 

S E  
ESE 

E 
ENE 
NE 
NNE 

2.831 
1.648 
1.642 
1.843 
2.316 
2.775 
2.737 
2.845 
3.240 
3.218 
3.116 
3.639 
3.288 
2.987 
3.315 
3.180 

2.486 
2.366 
1.789 
1.819 
2,283 
3.004 
2.941 
3.355 
3.609 
3.552 
3.615 
3.546 
3.089 
3.102 
3.306 
3.186 

2.894 
2.708 
2.102 
1.734 
1.993 
2.787 
3.068 
3.148 
3.670 
3.201 
3.404 
3.392 
3.147 
2.952 
2.988 
3.160 

2.657 
2.292 
1.840 
1.686 
2.085 
2.969 
2.868 
3.221 
3.403 
3.100 
3.104 
3.203 
2.932 
2.620 
2.742 
2.944 

2.374 
1.917 
1.376 
1.223 
1.287 
1.944 
1.908 
2.201 
1.967 
1.860 
1.717 
2.163 
2.036 
1.845 
2.189 
2.537 

~ 

0.885 0.000 
0.829 0.000 
0.864 0.000 
0.784 0.000 
0.885 0.000 
1.079 0.000 
0.813 0.000 
0.822 0.000 
0.814 0.000 
0.916 0.000 
0.839 0.000 
0.789 0.000 
0.815 0.000 
0.896 0.000 
0.951 0.000 
1.005 0.000 
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Page 2 

e FREQUENCIES OF STABILITY CLASSES (WIND TOWARDS) 

Pasquill Stability Class 

Dir A B C D E F G 

N 
NNW 
Nw 

WNW 
W 

wsw 
sw 
ssw 

S 
SSE 
SE 
ESE 
E 

ENE 
NE 
NNE 

0.0750 
0.0426 
0.0434 
0.0633 
0.0772 
0.1008 
0.1031 
0.0615 
0.0521 
0.0606 
0.0544 
0.0629 
0.0843 
0.0972 
0.0971 
0.0998 

0.0403 
0.0320 
0.0220 
0.0220 
0.0306 
0.0312 
0.0413 
0.0296 
0.0411 
0.0360 
0.0318 
0.0237 
0.0315 
0.0353 
0.0412 
0.0382 

0.0452 
0.0279 
0.0420 
0.0525 
0.0496 
0.0392 
0.0628 
0.0571 
0.0580 
0.0465 
0.0423 
0.0351 
0.0346 
0.0434 
0.0464 
0.0425 

0.2770 
0.2911 
0.2678 
0.2540 
0.2669 
0.4446 
0.5403 
0.5573 
0.5193 
0.3752 
0.3115 
0.3086 
0.2890 
0.2534 
0.2617 
0.3121 

TOTAL 0.0803 0.0339 0.0440 0.3335 

0.4016 
0.3940 
0.3270 
0.2480 
0.2529 
0.2480 
0.1438 
0.1631 
0.2038 
0.2298 
0 2113 
0.2364 
0.2623 
0.3010 
0.3729 
0.3651 

0.2792 

0.1609 
0.2124 
0.2979 
0.3602 
0.3228 
0.1362 
0.1086 
0.1315 
0.1256 
0.2519 
0.3488 
0.3334 
0.2982 
0.2697 
0.1807 
0.1422 

0.2289 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 

ADDITIONAL WEATHER INFORMATION 

Average Air Temperature: 11.5 degrees 
284.66 K 

Precipitation: 104.0 cm/y 
Lid Height: 1000 meters 

Surface Roughness Length: 0.010 meters 
10.0 meters Height Of Wind Measurements: 

Average Wind Speed: 2.210 m/s 

Vertical Temperature Gradients: 
STABILITY E 0.073 k/m 
STABILITY F 0.109 k/m 
STABILITY G 0.146 k/m 

C 
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Facility: Fernald Silo 3 Particulates/Radon Stack Release 
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Source Type: Stack 

Emission Year: 2002 

Comments : 

Dataset Name: Fernald Silo 3 
Dataset Date: Mar 11, 2002 02:42 pm 

Wind File: C:\CAP88PC2\WNDFILES\NEWFREDB.WND 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

~ 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/sJ(pCi/cm2/sJ 
Wind Distance Concentration Rate Rate Rate 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

L -  

N, 

I 
I ,  

300 
300 
300 
300 
300 
300 
300 
300 
300 
3 00 
300 
3 00 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 

' U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 

3.4E-04 
6.1E-13 
2.7E-13 
2.3E-12 
7.9E-15 
4.2E-13 
1.3E-15 
3. SE-13' 
2.3E-12 
2.3E-12 
6-13-13 
2 - 4E-13 
2.6E-12 
2 - 7E-13 
6.1E-14 
4.9E-13 
4.OE-11 
7. ?E-14 
5.6E-13 
1.2E-12 
1.1E-12 
7.7E-14 

1.2E-12 
3.5E-04 
6.3E-13 
2.8E-13 
2.4E-12 
7.7E-15 
4.3E-13 
1.4E-15 
1.9E-13 
2.4E-12 
2 .'4E-12 
6.3E-13 
2. 5E-13 
2 - 6E-12 
2.8E-13 
6.3E-14 
5.1E-13 
4.1E-11 
8.OE-14 
5.8E-13 
1.2E-12 
1.2E-12 
8 I OE-14 
8,OE-14 

7.7E44 

O.OE+OO 
1.1E-16 
4.8E-17 
4.2E-16 
1.4E-18 
7.5E-17 
2.4E-19 
6.3E-17 
4.2E-16 
4.2E-16 
1.1E-16 
4.4E-17 
4.6E-16 
4.8E-17 
1.1E-17 
8.9E-17 
7.2E-15 
1.43-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.1E-16 
0 .OE+OO 
1.1E-16 
5.OE-17 
4.3E-16 
1.4E-18 
7.7E-17 
2.4E-19 
3.4E-17 
4.3E-16 
4.3E-16 
1.1E-16 
4. SE-17 
4.8E-16 
5.OE-17 
1.1E-17 
9.2E-17 
7.4E-15 
1.4E-17 
1.OE-16 
2.2E-16 
2.1E-16 
1.4E-17 
1.4E-17 

O.OE+OO 
5.8E-16 
2.5E-16 
2.2E-15 
7.2E-18 
3.9E-16 
1.2E-18 
2.1E-16 
2.2E-15 
2.2E-15 
S.8E-16 
2.3E-16 
2.4E-15 
2. 5E-16 
5.7E-17 
4.6E-16 
3.8E-14 
7.3E-17 
5.2E-16 
1.1E-15 
1.1E-15 
7.3E-17 
7.3E-17 
1.1E-15 
0 .OE+OO 
3.53-16 
1.5E-16 
1.3E-15 
4.OE-18 
2.3E-16 
7.4E-19 
6.8E-17 
1.3E-15 
1.3E-15 
3.5E-16 
1. BE-16 
1.4E-15 
1.5E-16 
3.4E-17 
2.8E-16 
2.2E-14 
4.3E-17 
3.1E-16 
6.6E-16 
6.5E-16 
4.4E-17 
4.4E-17 

0 .OE+OO 
6.9E-16 
3.OE-16 
2.6E-15 
8.6E-18 
4.7E-16 
1. 5E-18 
2.8E-16 
2.6E-15 
2.6E-15 
6.9E-16 
2.7E-16 
2.9E-15 
3.OE-16 
6.8E-17 
5 .  5E-16 
4.5E-14 
a. 7 ~ - i 7  
6.2E-16 
1.3E-15 
1.3E-15 
8.7E-17 
8.7E-17 
1.3E-15 
0 .OE+OO 
4.6E-16 
2-03-16 
1.7E-15 
5.4E-18 
3.1E-16 
9.8E-19 
1.OE-16 
1.7E-15 
1.7E-15 
4.6E-16 
1.8E-16 
1.9E-15 
2.OE-16 
'4.6E-17 
3.7E-16 
3.OE-14 
5.8E-17 
4.2E-16 
8.8E-16 
8.6E-16 
5.8E-17 
5.8E-17 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

D W  Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cmZ/s) (pCi/c&/s) 
Wind Distance Concentration Rate Rate Rate 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

500 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

U-236 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 

4 2 6 r  

1.2E-12 
4.3E-04 
7.8E-13 
3.4E-13 
2.9E-12 
8.9E-15 
5.3E-13 
1.7E-15 
1.33-13 
2.9E-12 
2.9E-12 
7.8E-13 
3.1E-13 
3.3E-12 
3.4E-13 
7.7E-14 
6.3E-13 
5.1E-11 
9.8E-14 
7.1E-13 
1.5E-12 
1.5E-12 
9.8E-14 
9.8E-14 
1.5E-12 
4.9E-04 
8.8E-13 
3.8E-13 
3.3E-12 
9.OE-15 
5.9E-13 
1.9E-15 
7.6E-14 
3.3E-12 
3.3E-12 
8.8E-13 
3.5E-13 
3.7E-12 
3.8E-13 
8.7E-14 
7.1E-13 
5.7E-11 
1.1E-13 
8.OE-13 
1.7E-12 
1.6E-12 
1.1E-13 

2.2E-16 
0 .OE+OO 
1.4E-16 
6.1E-17 
5.3E-16 
1.6E-18 
9.5E-17 
3.OE-19 
2.4E-17 
5.3E-16 
5.3E-16 
1.4E-16 
5.6E-17 
5.9E-16 
6.1E-17 
1.4E-17 
1.1E-16. 
9.1E-15 
1.8E-17 
1.3E-16 
2.7E-16 
2 6E-16 
1.8E-17 
1.8E-17 
2.7E-16 
0 .OE+OO 
1.6E-16 
6.8E-17 
5.9E-16 
1.6E-18 
1.1E-16 
3.3E-19 
1.4E-17 
5.9E-16 
5.9E-16 
1.6E-16 
6.3E-17 
6.6E-16 
6.9E-17 
1.6E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1.4E-16 
3.OE-16 
3.OE-16 
2.OE-17 

6.6E-16 

2.5E-16 
1.1E-16 
9.3E-16 
2.6E-18 
1.7E-16 
5.2E-19 
2.9E-17 
9.3E-16 
9.3E-16 
2.5E-16 
9.8E-17 
1.OE-15 
1.1E-16 
2.4E-17 
2.OE-16 
1.6E-14 
3.1E-17 
2.2E-16 
4.7E-16 
4.6E-16 
3.1E-17 
3.1E-17 
4.7E-16 

1.7E-16 
7.4E-17 
6.5E-16 
1.6E-18 
1.2E-16 
3.6E-19 
1.1E-17 
6. SE-16 
6.5E-16 
1.73-16 
6.8E-17 
7.2E-16 
7.5E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.2E-17 
1.6E-16 
3.3E-16 
3.2E-16 
2.2E-17 

O.OE+OO 

O.OE+OO 

8.8E-16 
0 .OE+OO 
3.9E-16 
1.7E-16 
1.5E-15 
4.2E-18 
2.6E-16 
8.2E-19 
5.3E-17 
1.5E-15 
1.5E-15 
3.9E-16 
1.5E-16 
1.6E-15 
1.7E-16 
3.8E-17 
3.1E-16 
2.5E-14 
4.9E-17 
3.5E-16 
7.4E-16 
7.2E-16 
4.9E-17 
4.9E-17 
7.4E-16 
0 .OE+OO 
3.3E-16 
1.4E-16 
1.2E-15 
3.3E-18 
2.2E-16 
7.OE-19 
2.4E-17 
1.2E-15 
1.2E-15 
3.3E-16 
1.3E-16 
1.4E-15 
1.4E-16 
3.3E-17 
2.7E-16 
2.1E-14 
4.1E-17 
3.OE-16 
6.3E-16 
6.2E-16 
4.2E-17 

000250 
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D r y  Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/Cm2/S) (pCi/CM/S) (pCi/cd/s) 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

- -  N 
N 
N 
N 
N 
N 
N 

- N  
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

. 1 (  

1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 , 

PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 

1.1E-13 
1.7E-12 
4.4E-04 
7.8E-13 
3.3E-13 
2.9E-12 
7.3E-15 
5.3E-13 
1.6E-15 
3.8E-14 
2.9E-12 
2.9E-12 
7.8E-13 
3.1E-13 
3.3E-12 
3. BE-13 
7.8E-14 
6.3E-13 
S.1E-11 
9.8E-14 
7.1E-13 
1. 5E-12 
1.5E-12 
9.9E-14 
9.9E-14 
1.5E-12 
4.OE-04 
7.1E-13 
3.OE-13 
2.7E-12 
6.3E-15 
4.8E-13 
1.5E-15 
2.4E-14 
2.7E-12 
2.7E-12 
7.1E-13 
2.8E-13 
3.OE-12 
3.1E-13 
7.1E-14 
5.7E-13 
4.6E-11 
8.9E-14 
6.5E-13 
1.4E-12 
1.3E-12 

2.OE-17 
3.OE-16 
O.OE+OO 
1.4E-16 
6.OE-17 
5.3E-16 
1.3E-18 
9. SE-17 
3.OE-19 
6.8E-18 
5.3E-16 
5.3E-I6 
1.4E-16 
5.6E-17 
5.9E-16 
6.2E-17 
1.4E-17 
1.1E-16 
9.1E-15 
1.8E-17 
1 -3E-16 
2.7E-16 
2.6E-16 
1.8E-17 
1.8E-17 
2.7E-16 
O.OE+OO 
1.3E-16 
5.5E-17 
4.8E-16 
1.1E-18 
8.7E-17 
2.7E-19 
4.3E-18 
4.8E-16 
4.8E-16 
1.3E-16 
5.1E-17 
5.3E-16 
5.6E-17 
1.3E-17 
1.OE-16 
8.3E-15 
1.6E-17 
1.2E-16 
2.5E-16 
2.4E-16 

2.2E-17 
3.3E-16 

1.3E-16 
5.6E-17 
4.9E-16 
1.1E-18 
8.9E-17 
2.8E-19 
4.6E-18 
4.9E-16 
4.9E-16 
1.3E-16 
5.2E-17 
5.5E-16 
5.8E-17 
1.3E-17 
1.1E-16 
8.6E-15 
1.6E-17 
1.2E-16 
2.5E-16 
2.5E-16 
1.7E-17 
1.7E-17 
2.5E-16 
O.OE+OO 
1.1E-16 
4.8E-17 
4.3E-16 
9.1E-19 
7.7E-17 
2.4E-19 
2.7E-18 
4.3E-16 
4.3E-16 
1.1E-16 
4.5E-17 
4.7E-16 
5.OE-17 
1.1E-17 
9.2E-17 
7.4E-15 
1.4E-17 
1.OE-16 
2.2E-16 
2.1E-16 

O.OE+OO 

4.2E-17 
6.3E-16 
0. OE+OO 
2.7E-16 
1.2E-16 
1.OE-15 
2.4E-18 
1.8E-16 
5.7E-19 
1.1E-17 
1.OE-15 
1.OE-15 
2.7E-16 
1.1E-16 
1.1E-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.8E-14 
3.4E-17 
2.5E-16 
5.2E-16 
5.1E-16 
3.4E-17 
3. BE-17 
5.2E-16 

2.4E-16 
1.OE-16 
9.1E-16 
2.OE-18 
1.6E-16 
5.1E-19 
7.OE-18 
9.1E-16 
9.1E-16 
2.4E-16 
9.6E-17 
1.OE-15 
1.1E-16 
2.4E-17 
1.9E-16 
1.6E-14 
3.OE-17 
2.2E-16 
4.6E-16 
4.53-16 

0 .OE+OO 
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D W  Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

N 
' N  

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

1500 
1500 
1500 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 

U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 

, PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 

9.OE-14 
9.OE-14 
1.4E-12 
3.6E-04 
6.5E-13 
2.7E-13 
2.4E-12 
5.4E-15 
4.4E-13 
1.4E-15 
1.5E-14 
2.4E-12 
2.4E-12 
6.5E-13 
2.6E-13 
2.7E-12 
2.8E-13 
6.4E-14 
5.2E-13 
4.2E-11 
8.1E-14 
5.9E-13 
1.2E-12 
1.2E-12 
8.2E-14 
8.2E-14 
1.2E-12 
3.2E-04 
5.6E-13 
2.4E-13 
2.1E-12 
4.3E-15 
3.8E-13 
1.2E-15 
7.8E-15 
2.1E-12 
2.1E-12 
5.6E-13 
2.2E-13 
2.3E-12 
2.5E-13 
5.6E-14 
4.5E-13 
3.7E-11 
7.OE-14 
5.1E-13 
1.1E-12 

1.6E-17 
1.6E-17 
2.5E-16 
O.OE+OO 
1.2E-16 
4.9E-17 
4.4E-16 
9.6E-19 
7.9E-17 
2.4E-19 
2.7E-18 
4.4E-16 
4.4E-16 
1.2E-16 
4.6E-17 
4.9E-16 
5.1E-17 
1.2E-17 
9.4E-17 
7.6E-15 
1.5E-17 
1.1E-16 
2.2E-16 
2.2E-16 
1.5E-17 
1.5E-17 
2.2E-16 
O.OE+OO 
1.OE-16 
4.3E-17 
3.8E-16 
7.7E-19 
6.9E-17 
2.1E-19 
1.4E-18 
3.8E-16 
3.8E-16 
1.OE-16 
4.OE-17 
4.2E-16 
4.4E-17 
1.OE-17 
8.2E-17 
6.6E-15 
1.3E-17 
9.2E-17 
1.9E-16 

1.4E-17 
1.4E-17 
2.2E-16 
O.OE+OO 
1.OE-16 
4.2E-17 
3.8E-16 
7.5E-19 
6.8E-17 
2.1E-19 
1.7E-18 
3.8E-16 
3.8E-16 
1.OE-16 
4.OE-17 
4.2E-16 
4.4E-17 
9.9E-18 
8.1E-17 
6.5E-15 
1.2E-17 
9.1E-17 
1.9E-16 
1.9E-16 
1.3E-17 
1.3E-17 
1.9E-16 
O.OE+OO 
8.4E-17 
3. SE-17 
3.2E-16 
5.7E-19 
5.7E-17 
1.7E-19 
8.6E-19 
3.2E-16 
3.2E-16 
8.4E-17 
3.4E-17 
3.5E-16 
3.7E-17 
8.4E-18 
6.8E-17 
5.5E-15 
1.1E-17 
7.7E-17 
1.6E-16 

3.1E-17 
3.1E-17 
4.6E-16 
0. OE+OO 
2.2E-16 
9.2E-17 
8.1E-16 
1.7E-18 
1. SE-16 
4.5E-19 
4.4E-18 
8.1E-16 
8.1E-16 
2.2E-16 
8.6E-17 
9.OE-16 
9.5E-17 
2.1E-17 
1.7E-16 
1.4E-14 
2.7E-17 
2.OE-16 
4.2E-16 
4.OE-16 
2.7E-17 
2.7E-17 
4.2E-16 

1.9E-16 
7.8E-17 
7.OE-16 
1.3E-18 
1.3E-16 
3.9E-19 
2.3E-18 
7.OE-16 
7.OE-16 
1.9E-16 
7.4E-17 
7.8E-16 
8.1E-17 
1.8E-17 
1. SE-16 
1.2E-14 
2.3E-17 
1.7E-16 
3.6E-16 

O.OE+OO 

000252 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

- -  ' N  
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

- .  
~ r x  4 

2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
23.00 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 

U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 

1.1E-12 
7.1E-14 
7.1E-14 
1.1E-12 
2.8E-04 
5.OE-13 
2.1E-13 
1.9E-12 
3.4E-15 
3.4E-13 
1.OE-15 
4.1E-15 
1.9E-12 
1.9E-12 
5.OE-13 
2.OE-13 
2.1E-12 
2.2E-13 
4.9E-14 
4.OE-13 
3.2E-11 
6.2E-14 
4.5E-13 
9.5E-13 
9.3E-13 
6.3E-14 
6.3E-14 
9.5E-13 
2.7E-04 
4.8E-13 
2.OE-13 
1.8E-12 
3.2E-15 
3.2E-13 
9.8E-16 
3.3E-15 
1.8E-12 
1.8E-12 
4.8E-13 
1.9E-13 
2.OE-12 
2 .1E-1.3 
4.7E-14 
3.8E-13 
3.1E-11 
5.9E-14 
4.3E-13 

1.9E-16 
1.3E-17 
1.3E-17 
1.9E-16 

8.9E-17 
3.7E-17 
3.4E-16 
6.1E-19 
6.OE-17 
1.8E-19 
7.3E-19 
3.4E-16 
3.4E-16 
8.9E-17 
3.5E-17 
3.7E-16 
3.9E-17 
8.9E-18 
7.2E-17 
5.8E-15 
1.1E-17 
8.1E-17 
1.7E-16 
1.7E-16 
1.1E-17 
1.1E-17 
1.7E-16 

8.6E-17 
3.6E-17 
3.2E-16 
5.7E-19 
5.8E-17 
1.8E-19 
5.9E-19 
3.2E-16 
3.2E-16 

O.OE+OO 

0 .OE+OO 

8.6E-17 
3.4E-17 
3.6E-16 
3.8E-17 
8.5E-18 
6.9E-17 
5.6E-15 
1.1E-17 
7.8E-17 

1.6E-16 
1.1E-17 
1.1E-17 
1.6E-16 
0. OE+OO 
7.3E-17 
3.OE-17 
2.7E-16 
4.5E-19 
5.OE-17 
1.5E-19 
4.5E-19 
2.7E-16 
2.7E-16 
7.3E-17 
2.9E-17 
3.1E-16 
3.2E-17 
7.3E-18 
5.9E-17 
4.8E-15 
9.1E-18 
6.6E-17 
1.4E-16 
1.4E-16 
9.2E-18 
9.2E-18 
1.4E-16 

7.OE-17 
2.9E-17 
2.6E-16 
4.2E-19 
4.7E-17 
1.4E-19 
3.6E-19 
2.6E-16 
2.6E-16 
7.OE-17 
2.8E-17 
2.9E-16 
3.1E-17 
6.9E-18 
5.6E-17 
4.6E-15 
8.7E-18 
6.4E-17 

O.OE+OO 

-3.5E-16 
2.3E-17 
2.3E-17 
3.6E-16 
O.OE+OO 
1.6E-16 
6.8E-17 
6.1E-16 
1.1E-18 
1.1E-16 
3.3E-19 
1.2E-18 
6.1E-16 
6.1E-16 
1.6E-16 
6.4E-17 
6.83-16 . 
7.1E-17 
1.6E-17 
1.3E-16 
1.1E-14 
2.OE-17 
1.5E-16 
3.1E-16 
3.OE-16 
2.OE-17 
2.OE-17 
3.1E-16 

1.6E-16 
6.5E-17 
5.9E-16 
9.9E-19 
1.1E-16 
3.2E-19 
9.6E-19 
5.9E-16 
5.9E-16 
1.6E-16 
6.2E-17 
6.5E-16 
6.8E-17 
1.5E-17 . 
1.3E-16 
1.OE-14 
1.9E-17 
1.4E-16 

O.OE+OO 

000253 
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D W  Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cd/s) (pCi/Cd/s)(pCi/an2/s) 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
# N  
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 

N .  

2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 

TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-23 1 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 

9.1E-13 1.6E-16 
8.9E-13 1.6E-16 
6.OE-14 l.lE-17 
6.OE-14 l.lE-17 
9.1E-13 1.63-16 
2.53-04 O.OE+OO 
4.43-13 7.93-17 
1.8E-13 3.33-17 
1.7E-12 3.OE-16 
2.83-15 5.03-19 
3.OE-13 5.43-17 
9.03-16 1.6E-19 
2.2E-15 3.9E-19 
1.7E-12 3.OE-16 
1.7E-12 3.OE-16 
4.4E-13 7.9E-17 
1.7E-13 3.1'E-17 * 

1.8E-12 3.3E-16 
1.9E-13 3.53-17 
4.43-14 7.93-18 
3.6E-13 6.4E-17 
2.9E-11 5.2E-15 
5.5E-14 ', 9.9E-18 
4.OE-13 7.23-17 
8-53-13 1.5E-16 
8.3E-13 1.5E-16 
5.63-14 1.OE-17, 
5.6E-14 1.OE-17 
8.53-13, 1-53-16 
2.43-04 O.OE+OO 
4.23-13 7.63-1'7 
1.8E-13 3.23-17 
1.6E-12 2.93-16 
2.63-15 4.63-19 
2.93-13 5.23-17 
8.7E-16 1.6E-19 
1.7E-15 3.1E-19 
1.6E-12 2.93-16 
1.6E-12 2.93-16 
4.2E-13 7.6E-17 
1.7E-13 3.OE-17 
1.8E-12 3.23-16 
1.9E-13 3.4E-17 
4.2E-14 7.6E-18 
3.43-13 6.23-17 
2.8E-11 5.OE-15 
S. 3E-14 9.5E-18 

1.3E-16 
1.3E-16 
8.8E-18 
8.8E-18 
1.3E-16 

6.4E-17 
2.7E-17 
2.4E-16 
3.6E-19 
4.4E-17 
1.3E-19 
2.43-19 
2.4E-16 
2.4E-16 
6.4E-17 
2.6E-17 
2.7E-16 
2.8E-17 
6.4E-18 
5.2E-17 
4.23-15 
8.OE-18 
5.9E-17 
1.2E-16 
1.2E-16 
8.1E-18 
8.1E-18 
1.2E-16 
O.OE+OO 
6.2E-17 
2.6E-17 
2.3E-16 
3.4E-19 
4.2E-17 
1.3E-19 
1.9E-19 
2.3E-16 
2.3E-16 
6.2E-17 
2.5E-17 
2.6E-16 
2.7E-17 
6.1E-18 
5.OE-17 
4.OE-15 
7.7E-18 

0 .OE+OO 

3.OE-16 
2.9E-16 
2.OE-17 
2.OE-17 
3.OE-16 
O.OE+OO 
1.4E-16 
6.OE-17 
5.4E-16 
8.6E-19 
9.7E-17 
2.9E-19 
6.3E-19 
5.4E-16 
5.4E-16 
1.4E-16 
5.7E-17 
6.OE-16 " 

6.3E-17 
1.4E-17 
1.2E-16 
9.4E-15 
1.8E-17 
1.3E-16. 
2.8E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.8E-16 

' O.OE+OO 
1.4E-16 
5.7E-17 
5.2E-16 
8.OE-19 
9.4E-17 
2.8E-19 
5.1E-19 
5.2E-16 
5.2E-16 
1.4E-16 
5.5E-17 
5.8E-16 
6.1E-17 
1.4E-17 
1.1E-16 
9.OE-15 
1.7E-17 

4 2 6 7  
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Wet Ground Dry 
Air Deposition Deposition Deposition 

(Hi / cm2 / s 1 ( pCi / cm2 / s ) ( pCi /cm2 / s ) 
Wind Distance Concentration Rate Rate Rate 
Toward (meters ) Nuclide ( pCi /L ) 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

- -  N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 

1). .~ .' .i~s NNW 

2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
'3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 

, AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 

3.9E-13 
8.2E-13 
8.OE-13 
5.4E-14 
5.4E-14 
8.2E-13 
1.9E-04 
3.2E-13 
1.3E-13 
1 - 2E-12 
1.5E-15 
2 - 2E-13 
6 - 5E-16 
3 - 4E-16 
1 - 2E-12 
1.2E-12 
3.2E-13 
1.3E-13 
1 - 4E-12 
1.4E-13 
3 - 2E-14 
2 - 6E-13 
2.1E-11 
4.OE-14 
2.9E-13 
6.2E-13 
6.1E-13 
4.1E-14 
4 - 1E-14 
6.2E-13 
1.7E-04 
3 - OE-13 
1.3E-13 
1.1E-12 
3.8E-15 
2.1E-13 
6.5E-16 
1.1E-13 
1.1E-12 
1.1E-12 
3.OE-13 
1 - 2E-13 
1.3E-12 
1 - 3E-13 
3.OE-14 
2.4E-13 
2.OE-11 

7.OE-17 
1. SE-16 
1.4E-16 
9.7E-18 
9.7E-18 
1.5E-16 
O.OE+OO 
5.8E-17 
2.4E-17 
2.2E-16 
2.8E-19 
3.9E-17 
1.2E-19 
6.1E-20 
2.2E-16 
2.2E-16 
5.8E-17 
2.3E-17 
2.4E-16 
2.6E-17 
5.8E-18 
4.7E-17 
3.8E-15 
7.2E-18 
5.3E-17 
1.1E-16 
1.1E-16 
7.4E-18 
7.4E-18 
1.1E-16 

5.4E-17 
2.4E-17 
2.OE-16 
6.8E-19 
3.7E-17 
1.2E-19 
2.OE-17 
2.OE-16 
2.OE-16 
5.4E-17 
2.2E-17 
2.3E-16 
2.4E-17 
5.4E-18 
4.4E-17 
3.5E-15 

0 .OE+OO 

5.6E-17 
1.2E-16 
1.2E-16 
7.8E-18 
7.8E-18 
1.2E-16 
0 .OE+OO 
4.7E-17 
1.9E-17 
1.8E-16 
2.1E-19 
3.2E-17 
9.4E-20 
3.9E-20 
1.8E-16 
1.8E-16 
4.7E-17 
1.9E-17 
2.OE-16 
2.1E-17 
4.7E-18 
3.8E-17 
3.1E-15 
5.8E-18 
4.3E-17 
9.OE-17 
8.8E-17 
5.9E-18 
5.9E-18 
9.OE-17 
O.OE+OO 
4.OE-16 
1.8E-16 
1. 5E-15 
4.9E-18 
2.7E-16 
8.6E-19 
1.OE-16 
1.5E-15 
1.5E-15 
4.OE-16 
1.6E-16 
1.7E-15 
1.8E-16 
4.OE-17 
3.2E-16 
2.6E-14 

1.3E-16 
2.7E-16 
2.6E-16 
1.7E-17 
1.7E-17 
2.7E-16 
0 .OE+OO 
1.1E-16 
4.3E-17 
4.OE-16 
4.8E-19 
7.1E-17 
2.1E-19 
1.OE-19 
4.OE-16 
4.OE-16 
1.1E-16 
4.2E-17 
4.4E-16 
4.6E-17 
1.OE-17 
8.5E-17 
6.9E-15 
1.3E-17 
9.6E-17 
2.OE-16 
2.OE-16 
1.3E-17 
1.3E-17 
2.OE-16 
O.OE+OO 
4.6E-16 
2.OE-16 
1.7E-15 
5.6E-18 
3.1E-16 
9.8E-19 
1.2E-16 
1.7E-15 
1.7E-15 
4.63-16 
1.8E-16 
1.9E-15 
2.OE-16 
4.5E-17 
3.7E-16 
3.OE-14 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 

300 
300 
3 00 
300 
300 
300 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 

TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 

3.8E-14 
2.8E-13 
5. BE-13 
5.7E-13 
3.8E-14 
3.8E-14 
5.8E-13 
1.9E-04 
3.5E-13 
1.5E-13 
1.3E-12 
4.1E-15 
2.4E-13 
7.5E-16 
7.5E-14 
1.3E-12 
1.3E-12 
3.5E-13 
1.4E-13 
1.5E-12 
1.5E-13 
3.5E-14 
2.8E-13 
2.3E-11 
4.4E-14 
3.2E-13 
6.7E-13 
6.5E-13 
4.4E-14 
4.4E-14 
6.7E-13 
2.6E-04 
4.7E-13 
2.OE-13 
1.8E-12 
5.OE-15 
3.2E-13 
9.9E-16 
6.1E-14 
1.8E-12 
1.8E-12 
4.7E-13 
1.8E-13 
1.9E-12 
2.OE-13 
4.6E-14 
3.8E-13 

6.9E-18 
5.OE-17 
1.OE-16 
1.OE-16 
6.9E-18 
6.9E-18 
1.OE-16 

6.3E-17 
2.7E-17 
2.4E-16 
7.4E-19 
4.3E-17 
1.3E-19 
1.3E-17 
2.4E-16 
2.4E-16 
6.3E-17 
2.5E-17 
2.6E-16 
2.8E-17 
6.2E-18 
5.1E-17 
4.1E-15 
7.9E-18 
5-7E-17 
1.2E-16 
1.2E-16 
7.9E-18 
7.9E-18 
1.2E-16 

8.4E-17 
3.6E-17 
3.2E-16 
9.1E-19 
5.7E-17 
1.8E-19 
1.1E-17 
3.2E-16 
3.2E-16 
8.4E-17 
3.3E-17 
3.5E-16 
3.7E-17 
8.3E-18 
6.8E-17 

0. OE+OO 

0 .OE+OO 

5.1E-17 
3.7E-16 
7.7E-16 
7.5E-16 
5.1E-17 
5.1E-17 
7.7E-16 
O.OE+OO 
2.4E-16 
1.OE-16 
9.1E-16 
2.7E-18 
1.6E-16 
5.1E-19 
3.2E-17 
9.1E-16 
9.1E-16 
2.4E-16 
9.6E-17 
1.OE-15 
1.1E-16 
2.4E-17 
1.9E-16 
1.6E-14 
3.OE-17 
2.2E-16 
4.6E-16 
4.5E-16 
3.OE-17 
3.OE-17 
4.6E-16 
0 .OE+OO 
1.7E-16 
7.4E-17 
6.5E-16 
1.7E-18 
1.2E-16 
3.6E-19 
1.5E-17 
6. SE-16 
6.5E-16 
1.7E-16 
6.8E-17 
7.2E-16 
7.5E-17 
1.7E-17 
1.4E-16 

5.8~3-17 
4.2E-16 
8.8E-16 
8.6E-16 
5.8E-17 
5.8E-17 
8.8E-16 
0 .OE+OO 
3.OE-16 
1.3E-16 
1.1E-15 
3.4E-18 
2.1E-16 
6.5E-19 
4.5E-17 
1.1E-15 
1.1E-15 
3.OE-16 
1.2E-16 
1.3E-15 
1.3E-16 
3.OE-17 
2.5E-16 
2.OE-14 
3.8E-17 
2.8E-16 
5.8E-16 
5-73-16 
3.8E-17 
3.8E-17 
5.8E-16 
O.OE+OO 
2.6E-16 
1.1E-16 
9.6E-16 
2.6E-18 
1.7E-16 
5.4E-19 
2.6E-17 
9.6E-16 
9.6E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.5E-17 
2.1E-16 
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Wet Ground Dry 
Air Deposition Deposition Deposition 

Rate Rate Wind Distance Concentration Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cmZ/s) (PCi/cm2/S) 

NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 

- -  NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW * .  

7 00 
700 
700 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 

. .  

TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TW-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 

3.OE-11 5.53-15 
5.9E-14 l.lE-17 
4.2E-13 7.6E-17 
9.OE-13 1.6E-16 
8.7E-13 1.6E-16 
5.93-14 l.lE-17 
5-93-14 l.lE-17 
9.OE-13 1.6E-16 
3.1E-04 O.OE+OO 
5.5E-13 1.OE-16 
2.4E-13 4.3E-17 
2.1E-12 3.83-16 
5.33-15 9.63-19 
3-83-13 6-83-17 
1.2E-15 2.1E-19 
4.OE-14 7.2E-18 
2.1E-12 3.83-16 * 

2.1E-12 3.8E-16 
5-53-13 1.OE-16 
2.23-13 4.OE-17 
2.3E-12 4.2E-16 
2.43-13 4.43-17 
5.5E-14 ' 9.9E-18 
4.53-13 8.1E-17 
3.6E-11 6.53-15 
7.OE-14 1.3E-17 
5.OE-13 9.1E-17, 
1.1E-12 1.9E-16 
1.OE-12 1.9E-16 
7.OE-14 1.3E-17 
7.OE-14 1.3E-17 
1.lE-12 1.9E-16 
2.83-04 O.OE+OO 
5.OE-13 9.1E-17 
2.2E-13 3.93-17 
1.9E-12 3.43-16 
4.3E-15 7.7E-19 
3.43-13 6.23-17 
l.lE-15 1.9E-19 
2.1E-14 3.83-18 
1.9E-12 3.43-16 
1.9E-12 3.43-16 
5.OE-13 9.1E-17 
2.OE-13 3.63-17 
2.1E-12 3.83-16 
2.23-13 4.OE-17 
5.OE-14 9.OE-18 

1.1E-14 
2.2E-17 
1.6E-16 
3.3E-16 
3-23-16 
2.2E-17 
2.2E-17 
3.3E-16 
0 .OE+OO 
1.2E-16 
5.1E-17 
4.5E-16 
1.1E-18 
8. IE-17 
2.5E-19 
5.8E-18 
4. SE-16 
4.5E-16 
1.2E-16 
4.7E-17 
5.OE-16 
5.2E-17 
1.2E-17 
9.7E-17 
7.8E-15 
1.5E-17 
1.1E-16 
2.3E-16 
2.2E-16 
1.5E-17 
1.5E-17 
2.3E-16 

9.2E-17 
3.9E-17 
3.4E-16 
7.1E-19 
6.2E-17 
1.9E-19 
2.6E-18 
3.4E-16 
3.4E-16 
9 -2E-17 
3.6E-17 
3.8E-16 
4.OE-17 
9.1E-18 

O.OE+OO 

1.7E-14 
3.2E-17 
2.3E-16 
4.9E-16 
4.8E-16 
3.2E-17 
3.2E-17 
4.9E-16 
0 .OE+OO 
2.2E-16 
9.4E-17 
8.3E-16 
2.OE-18 
1.5E-16 
4.6E-19 
1.3E-17 
8.3E-16 
8.33-16 . *  

2.2E-16 
8.7E-17 . .  
9.2E-16 
9.6E-17 
2.2E-17 
1.8E-16 
1.4E-14 
2.8E-17 
2.OE-16 
4.2E-16 
4.1E-16 

' 2.8E-17 
2.8E-17 
4.2E-16 
0. OE+OO 
1.8E-16 
7.8E-17 
6.9E-16 
1.5E-18 
1.2E-16 
3.8E-19 
6.5E-18 
6.9E-16 
6.9E-16 
1.8E-16 
7.2E-17 
7.6E-16 
8.OE-17 
1.8E-17 

000257 
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Wet Ground Dry 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters Nuclide ( pci /L) ( pci / cm2 s 1 ( PCi 1 cm2 1 1 ( P C ~  s 1 

NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
Nhw 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 

1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500, 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 

TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-2 10 
RA-223 
RA-224 
RA-22 6 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 

4.1E-13 
3.3E-11 
6.3E-14 
4.6E-13 
9.7E-13 
9.5E-13 
6.4E-14 
6.4E-14 
9.7E-13 
2.6E-04 
4.6E-13 
2.OE-13 
1.7E-12 
3.7E-15 
3.1E-13 
9.73-16 
1.4E-14 
1.7E-12 
1.7E-12 
4.6E-13 
1.8E-13 
1.9E-12 
2.OE-13 
4.6E-14 
3.7E-13 
3.OE-11 
5.8E-14 
4.2E-13 
8.9E-13 
8.7E-13 
5.9E-14 
5.9E-14 
8.9E-13 
2.4E-04 
4.2E-13 
1.8E-13 
1.6E-12 
3.1E-15 
2.9E-13 
8.8E-16 
9.1E-15 
1.6E-12 
1.6E-12 
4.2E-13 
1.7E-13 
1.8E-12 
1.9E-13 

7.3E-17 
5.9E-15 
1.1E-17 
8.3E-17 
1.7E-16 
1.7E-16 
1.1E-17 
1.1E-17 
1.7E-16 
0 .OE+OO 
8.4E-17 
3.5E-17 
3.1E-16 
6.6E-19 
5.7E-17 
1.7E-19 
2.5E-18 
3.1E-16 
3.1E-16 
8.4E-17 
3.3E-17 
3.5E-16 
3.7E-17 
8.3E-18 
6.7E-17 
5.4E-15 
1.OE-17 
7.6E-17 
1.6E-16 
1.6E-16 
1.1E-17 
1.1E-17 
1.6E-16 
0 .OE+OO 
7.6E-17 
3.2E-17 
2.9E-16 
5.6E-19 
5.2E-17 
1.6E-19 
1.6E-18 
2.9E-16 
2.9E-16 
7.6E-17 
3.OE-17 
3.2E-16 
3.3E-17 

7.4E-17 
6.OE-15 
1.1E-17 
8.3E-17 
1.8E-16 
1.7E-16 
1.2E-17 
1.2E-17 
1.8E-16 
0 .OE+OO 
7.9E-17 
3.3E-17 
3.OE-16 
5.6E-19 
5.4E-17 
1.6E-19 
1.6E-18 
3.OE-16 
3.OE-16 
7.9E-17 
3.1E-17 
3.3E-16 
3.5E-17 
7.9E-18 
6.4E-17 
5.1E-15 
9.9E-18 
7.2E-17 
1.5E-16 
1.5E-16 
1.OE-17 
1.OE-17 
1.5E-16 

7.OE-17 
2.9E-17 
2.6E-16 
4.5E-19 
4.7E-17 
1.4E-19 
1.OE-18 
2.6E-16 
2.6E-16 
7.OE-17 
2.8E-17 
2.9E-16 
3.OE-17 

0 .OE+OO 

1.5E-16 
1.2E-14 
2.3E-17 
1.7E-16 
3.5E-16 
3.4E-16 
2.3E-17 
2.3E-17 
3.5E-16 
0 .OE+OO 
1.6E-16 
6.9E-17 
6.1E-16 
1.2E-18 
1.1E-16 
3.4E-19 
4.1E-18 
6.1E-16 
6.1E-16 
1.6E-16 
6.5E-17 
6.8E-16 
7.1E-17 
1.6E-17 
1.3E-16 
1.1E-14 
2.OE-17 
1.5E-16 
3.1E-16 
3.OE-16 
2.1E-17 
2.1E-17 
3.1E-16 
0 . OE+OO 
1.5E-16 
6.1E-17 
5.5E-16 
1.OE-18 
9.9E-17 
3.OE-19 
2.6E-18 
5.5E-16 
S.5E-16 
1. SE-16 
5.8E-17 
6.1E-16 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Depositi'on 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cd/s) (pCi/crn2/s) (pCi/cm2/s) 

NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 

- -  NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 

1700 
1700 
1700 
17 00 
1700 
1700 
1700 
17 00 
17 00 
17 00 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 

TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 

4.2E-14 
3.4E-13 
2.8E-11 
5.3E-14 
3.9E-13 
8.2E-13 
8.OE-13 
5.4E-14 
5.4E-14 
8.2E-13 
2.1E-04 
3.7E-13 
1.6E-13 
1.4E-12 
2.4E-15 
2.5E-13 
7.7E-16 
4.8E-15 
1.4E-12 
1.4E-12 
3.7E-13 
1. SE-13 
1.6E-12 
1.6E-13 
3.7E-14 
3.OE-13 
2.4E-11 
4.7E-14 
3.4E-13 
7.2E-13 
7.OE-13 
4.7E-14 
4.7E-14 
7.2E-13 
1.9E-04 
3.3E-13 
1.4E-13 
1.2E-12 
1.9E-15 
2.2E-13 
6.8E-16 
2. SE-15 
1.2E-12 
1.2E-12 
3.3E-13 
1.3E-13 
1.4E-12 

7.6E-18 
6.2E-17 
5.OE-15 
9.6E-18 
7.OE-17 
1. 5E-16 
1.4E-16 
9.7E-18 
9.7E-18 
1.5E-16 
O.OE+OO 
6.7E-17 
2.8E-17 
2.5E-16 
4.4E-19 
4.5E-17 
1.4E-19 
8.6E-19 
2.5E-16 
2.5E-16 
6.7E-17 
2.7E-17 
2.8E-16 
2-9E-17 
6.7E-18 
5.4E-17 
4.4E-15 
8.4E-18 
6.1E-17 
1.3E-16 
1.3E-16 
8. SE-18 
8.513-18 
1.3E-16 

5.9E-17 
2.5E-17 
2.2E-16 
3.4E-19 
4.OE-17 
1.2E-19 
4.5E-19 
2.2E-16 
2.2E-16 
S.9E-17 
2.4E-17 
2.5E-16 

0. OE+OO 

6.9E-18 
5.6E-17 
4.5E-15 
8.7E-18 
6.3E-17 
1.3E-16 
1.3E-16 
8.8E-18 
8.8E-18 
1.3E-16 

5.9E-17 
2.4E-17 
2.2E-16 
3.4E-19 
4.OE-17 
1.2E-19 
5.2E-19 
2.2E-16 
2.2E-16 
5.9E-17 
2.3E-17 
2.5E-16 
2.6E-17 
5.8E-18 
4.7E-17 
3.8E-15 
7.3E-18 
5.3E-17 
1.1E-16 
1.1E-16 
7.4E-18 
7.4E-18 
1.1E-16 

5.1E-17 
2.1E-17 
1.9E-16 
2.6E-19 
3.4E-17 
1.OE-19 
2.8E-19 
1.9E-16 
1.9E-16 
5.1E-17 
2.OE-17 
2.1E-16 

O.OE+OO 

0 .OE+OO 

1.5E-17 
1.2E-16 
9.5E-15 
1.8E-17 
1.3E-16 
2.8E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.8E-16 
0. OE+OO 
1.3E-16 
5.2E-17 
4.7E-16 
7.8E-19 
8.5E-17 
2.6E-19 
1.4E-18 
4.7E-16 
4.7E-16 
1.3E-16 
5.OE-17 
5.3E-16 
5.5E-17 
1.3E-17 
1.OE-16 
8.2E-15 
1.6E-17 
1.1E-16 
2.4E-16 
2.4E-16 
1.6E-17 
1.6E-17 
2.4E-16 
O.OE+OO 
1.1E-16 
4.6E-17 
4.1E-16 
6.1E-19 
7.5E-17 
2.2E-19 
7.3E-19 
4.1E-16 
4.1E-16 
1.1E-16 
4.4E-17 
4.6E-16 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

D W  Wet Ground 
Air ' Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/Cm2/S) (PCi/Cd/S) (PCi/Cd/S) 
Wind Distance Concentration Rate Rate Rate 

NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 

2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 

FA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA - 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 

1.4E-13 
3.3E-14 
2.7E-13 
2.1E-11 
4.1E-14 
3 OE-13 
6.3E-13 
6.2E-13 
4.2E-14 
4.2E-14 
6.3E-13 
1.8E-04 
3.2E-13 
1.3E-13 
1.2E-12 
1.8E-15 
2.2E-13 
6.5E-16 
2.OE-15 
1.2E-12 
1.2E-12 
3.2E-13 
1.3E-13 
1.3E-12 
1.4E-13 
3.2E-14 
2.6E-13 
2.1E-11 
4.OE-14 
2.9E-13 
6.1E-13 
6.OE-13 
4.OE-14 
4.OE-14 
6.1E-13 
1.7E-04 
3.OE-13 
1.2E-13 
1.1E-12 
1.5E-15 
2.OE-13 
6.OE-16 
1.3E-15 
1.1E-12 
1.1E-12 
3.OE-13 
1.2E-13 

2.6E-17 
5.9E-18 
4.8E-17 
3.9E-15 
7.4E-18 
5.4E-17 
1.1E-16 
1.1E-16 
7-5E-18 
7.5E-18 
1.1E-16 
0. OE+OO 
5.7E-17 
2.4E-17 
2.2E-16 
3.2E-19 
3.9E-17 
1.2E-19 
3.7E-19 
2.2E-16 
2.2E-16 
5.7E-17 
2.3E-17 
2.4E-16 
2.5E-17 
5.7E-18 
4.6E-17 
3.7E-15 
7.1E-18 
5.2E-17 
1.1E-16 
1.1E-16 
7.2E-18 
7.2E-18 
1.1E-16 
O.OE+OO 
5.3E-17 
2.2E-17 
2.OE-16 
2.7E-19 
3.6E-17 
1.1E-19 
2.4E-19 
2.OE-16 
2.OE-16 
S.3E-17 
2.1E-17 

2.2E-17 
5.OE-18 
4.1E-17 
3.3E-15 
6.3E-18 
4.6E-17 
9. BE-17 
9. SE-17 
6.4E-18 
6.4E-18 
9.8E-17 

4.9E-17 
2.OE-17 
1.8E-16 
2.4E-19 
3.3E-17 
9.9E-20 
2.2E-19 
1.8E-16 
1.8E-16 
4.9E-17 
1.9E-17 
2.OE-16 
2.1E-17 
4.8E-18 
3.9E-17 
3.2E-15 
6.OE-18 
4.4E-17 
9.3E-17 
9.1E-17 
6.1E-18 
6.1E-18 
9.3E-17 
O.OE+OO 
4.5E-17 
1.8E-17 
1.7E-16 
2.OE-19 
3.OE-17 
9.OE-20 
1.5E-19 
1.7E-16 
1.7E-16 
4. SE-17 
1.8E-17 

0.  OE+OO 

4.8E-17 
1.1E-17 
8.9E-17 
7.2E-15 
1.4E-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.1E-16 
0.  OE+OO 
1.1E-16 
4.4E-17 
4.OE-16 
5.6E-19 
7.2.E-17 
2.2E-19 
5.9E-19 
4.OE-16 
4.OE-16 
1.1E-16 
4.2E-17 
4.4E-16 
4.6E-17 
1.1E-17 
8.5E-17 
6.9E-15 
1.3E-17 
9.6E-17 
2.OE-16 
2.OE-16 
1.3E-17 
1.3E-17 
2.OE-16 
0. OE+OO 
9.8E-17 
4.OE-17 
3.7E-16 
4.8E-19 
6.6E-17 
2.OE-19 
3.9E-19 
3.7E-16 
3.7E-16 
9.8E-17 
3.9E-17 
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Dm Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 

' N N W  
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 

- -  

2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 . 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700' 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 

* U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
FiA-223 

1.2E-12 
1.3E-13 
2.9E-14 
2.4E-13 
1.9E-11 
3.7E-14 
2.7E-13 
5.7E-13 
5.33-13 
3.7E-14 
3.7E-14 
5.7E-13 
1.6E-04 
2.9E-13 
1.2E-13 
1.1E-12 
1.4E-15 
1.9E-13 
5.8E-16 
1.1E-15 
1.1E-12 
1.1E-12 
2.9E-13 
1.1E-13 
1.2E-12 
1.2E-13 
2.8E-14 
2.3E-13 
1.9E-11 
3.5E-14 
2.6E-13 
5.5E-13 
5..3E-13 
3.6E-14 
3.6E-14 
5.5E-13 
1.3E-04 
2.2E-13 
a. ~ ~ - 1 4  
8.2E-13 
8.2E-16 
1.5E-13 
4.3E-16 
2.1E-16 
8.2E-13 
8.2E-13 
2.2E-13 

2.2E-16 
2.3E-17 
5.3E-18 
4.3E-17 
3.5E-15 
6.6E-18 
4.8E-17 
1.OE-16 
1.OE-16 
6.7E-18 
6.7E-18 
1.OE-16 
O.OE+OO 
5.1E217 
2.1E-17 
1.93-16 
2.6E-19 
3.5E-17 
1.OE-19 
1.9E-19 
1.9E-16 
1.9E-16 
5.1E-17 
2.OE-17 
2.1E-16 
2.2E-17 
5.1E-18 
4.1E-17 
3.3E-15 
6.4E-18 
4.7E-17 
9.9E-17 
9.6E-17 
6. SE-18 
6.5E-18 
9.9E-17 

3.9E-17 
1.6E-17 
1.5E-16 
1.5E-19 
2.7E-17 
7.812-20 
3.8E-20 
1.5E-16 
1.5E-16 
3.9E-17 

0. OE+OO 

1.9E-16 
2.OE-17 
4.4E-18 
3.6E-17 
2.9E-15 
5.5E-18 
4.1E-17 
8.6E-17 
8.4E-17 
5.6E-18 
5.6E-18 
8.6E-17 
0. OE+OO 
4.3E-17 
1.7E-17 
1.6E-16 
1.9E-19 
2.9E-17 
8.6E-20 
1.2E-19 
1.6E-16 
1.6E-16 
4.3E-17 
1.7E-17 
1.8E-16 
1.9E-17 
4.3E-18 
3.5E-17 
2.8E-15 
5.3E-18 
3.9E-17 
8.3E-17 
8.OE-17 
5.4E-18 
5.4E-18 
8.3E-17 

3.3E-17 
1.3E-17 
1.21s-16 
1.1E-19 
2.2E-17 
6.4E-20 
2.4E-20 
1.213-16 
1.213-16 
3.3E-17 

O.OE+OO 

4.1E-16 
4.3E-17 
9.7E-18 
7.9E-17 
6.4E-15 
1.2E-17 
8.9E-17 
1.9E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.9E-16 
0 .OE+OO 
9.4E-17 
3.9E-17 
3.SE-16 
4.4E-19 
6.4E-17 
1.9E-19 
3.1E-19 
3.5E-16 
3.5E-16 
9.4E-17 
3.7E-17 
3.9E-16 
4.1E-17 
9.4E-18 
7.6E-17 
6.1E-15 
1.2E-17 
8.6E-17 
1.8E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.8E-16 
0 .OE+OO 
7.2E-17 
2.9E-17 
2.7E-16 
2.6E-19 
4.9E-17 
1.4E-19 
6.2E-20 
2.7E-16 
2.7E-16 
7.2E-17 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cmZ/s) (pCi/cmZ/s) (pCi/cm2/s) 

NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
NNW 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
3 00 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
3 00 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

RA-224 
RA-226 
m-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-221 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 

8.7E-14 
9.1E-13 
9.6E-14 
2.2E-14 
1.8E-13 
1.4E-11 
2.7E-14 
2.OE-13 
4.2E-13 
4.1E-13 
2.8E-14 
2.8E-14 
4.2E-13 
1.4E-04 
2.4E-13 
1.1E-13 
9.2E-13 
3.OE-15 
1.7E-13 
5.2E-16 
7.OE-14 
9.2E-13 
9.2E-13 
2.4E-13 
9.7E-14 
1.OE-12 
1.1E-13 
2.4E-14 
2.OE-13 
1.6E-11 
3.1E-14 
2.2E-13 
4.7E-13 
4.6E-13 
3.1E-14 
3.1E-14 
4.7E-13 
1.5E-04 
2.8E-13 
1.2E-13 
1.OE-12 
3.2E-15 
1.9E-13 
5.9E-16 
4.213-14 
1.OE-12 
1.OE-12 

1.6E-17 
1.6E-16 
1.7E-17 
3.9E-18 
3.2E-17 
2.6E-15 
4.9E-18 
3.6E-17 
7.6E-17 
7.4E-17 
5.OE-18 
5.OE-18 
7.6E-17 
O.OE+OO 
4.4E-17 
1: 9E-17 
1.7E-16 
5.4E-19 
3.OE-17 
9.4E-20 
1.3E-17 
1.7E-16 
1.7E-16 
4.4E-17 
1.7E-17 
1.8E-16 
1.9E-17 
4.4E-18 
3.6E-17 
2.9E-15 
5.6E-18 
4.OE-17 
8.5E-17 
8.3E-17 
5.6E-18 
5.6E-18 
8.53-17 

5.OE-17 
2.2E-17 
1.9E-16 
5.7E-19 
3.4E-17 
1.1E-19 
7.5E-18 
1.9E-16 
1.9E-16 

0 ,OE+OO 

1.3E-17 
1.4E-16 
1.4E-17 
3.2E-18 
2.6E-17 
2.1E-15 
4.OE-18 
3.OE-17 
6.3E-17 
6.1E-17 
4.1E-18 
4.1E-18 
6.3E-17 
0. OE+OO 
3.7E-16 
1.6E-16 
1.4E-15 
4.4E-18 
2.5E-16 
7.8E-19 
6.1E-17 
1. BE-15 
1.4E-15 
3.7E-16 
1.4E-16 
1.5E-15 
1.6E-16 
3.6E-17 
2.9E-16 
2.4E-14 
4.6E-17 
3.3E-16 
7.OE-16 
6.8E-16 
4.6E-17 
4.6E-17 
7.OE-16 
0 .OE+OO 
2.2E-16 
9.5E-17 
8.2E-16 
2.4E-18 
1. SE-16 
4.7E-19 
1.6E-17 
8.2E-16 
8.2E-16 

2.9E-17 
3.OE-16 
3.2E-17 
7.2E-18 
5.8E-17 
4.7E-15 
8.9E-18 
6. SE-17 
1.4E-16 
1.3E-16 
9.1E-18 
9.1E-18 
1.4E-16 
O.OE+OO 
4.1E-16 
1.8E-16 
1.5E-15 
4.9E-18 
2.8E-16 
8.8E-19 
7.3E-17 
1.5E-15 
1.5E-15 
4.1E-16 
1.6E-16 
1.7E-15 
1.8E-16 
4.1E-17 
3.3E-16 
2.7E-14 
5.2E-17 
3.7E-16 
7.9E-16 
7.7E-16 
5.2E-17 
5.2E-17 
7.9E-16 
0 .OE+OO 
2.7E-16 
1.2E-16 
1.OE-15 
2.9E-18 
1.8E-16 
5.7E-19 
2.4E-17 
1.OE-15 
1.OE-15 

000262 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
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Dry Wet Ground 
Air *Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cmZ/s) (pCi/cmZ/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 

- -  

', * 
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500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

RA-223 
RA-224 
RA-226 
Fa-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 

2. BE-13 
1.1E-13 
1.2E-12 
1.2E-13 
2. BE-14 
2.2E-13 
1. BE-11 
3.5E-14 

5.3E-13 
5.2E-13 
3.5E-14 
3.5E-14 
5.3E-13 
1.9E-04 
3.5E-13 
1.5E-13 
1.3E-12 
3.6E-15 
2.4E-13 
7.4E-16 
3.1E-14 
1.3E-12 
1.3E-12 
3.5E-13 
1.4E-13 
1.4E-12 
1.53-13 
3.4E-14 
2.8E-13 
2.3E-11 
4.4E-14 
3.2E-13 
6.7E-13 
6. SE-13 
4.4E-14 
4.4E-14 
6.7E-13 
2.3E-04 
4.1E-13 
1.7E-13 
1.5E-12 
3.6E-15 
2. BE-13 
8.6E-16 
1.9E-14 
1.5E-12 

.2.5E-13 

5.OE-17 
2.OE-17 
2.1E-16 
2.2E-17 
5.OE-18 
4.OE-17 
3.2E-15 
6.3E-18 
4.5E-17 
9.6E-17 
9.3E-17 
6.3E-18 
6.3E-18 
9.6E-17 
O.OE+OO 
6.2E-17 
2.7E-17 
2.3E-16 
6.5E-19 
4.2E-17 
1.3E-19 
5.6E-18 
2.3E-16 
2.3E-16 
6.2E-17 
2.5E-17 
2.6E-16 
2.7E-17 
6.2E-18 
5.OE-17 
4.1E-15 
7.9E-18 
5.7E-17 
1.2E-16 
1.2E-16 
7.9E-18 
7.9E-18 
1.2E-16 
O.OE+OO 
7.3E-17 
3.1E-17 
2. BE-16 
6.5E-19 
5.OE-17 
1.5E-19 
3.5E-18 
2. BE-16 

2.2E-16 
8.7E-17 
9.1E-16 
9.6E-17 
2.2E-17 
1. BE-16 
1.4E-14 
2. BE-17 
2.OE-16 
4.2E-16 
4.1E-16 
2. BE-17 
2. BE-17 
4.2E-16 
O.OE+OO 
1.6E-16 
6.7E-17 
5.9E-16 
1.5E-18 
1.1E-16 
3.3E-19 
7.5E-18 
5.9E-16 
5.9E-16 
1.6E-16 
6.2E-17 
6. SE-16 
6.8E-17 
1.5E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1.4E-16 
3.OE-16 
2.9E-16 
2.OE-17 
2.OE-17 
3.OE-16 
O.OE+OO 
1.1E-16 
4.6E-17 
4.1E-16 
9.OE-19 
7.4E-17 
2.3E-19 
3.1E-18 
4.1E-16 

2.7E-16 
1.13-16 
1.1E-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.7E-14 
3.4E-17 
2.4E-16 
5.2E-16 
5.OE-16 
3.4E-17 
3.4E-17 
5.2E-16 
O.OE+OO 
2.2E-16 
9.4E-17 
8.2E-16 
2.2E-18 
1.5E-16 
4.6E-19 
1.3E-17 
8.2E-16 
8.2E-16 
2.2E-16 
8.7E-17 
9.1E-16 
9.6E-17 
2.2E-17 
1.8E-16 
1.4E-14 
2.7E-17 
2.OE-16 
4.2E-16 
4.1E-16 * 

2. BE-17 
2. BE-17 
4.2E-16 
0. OE+OO 
1. BE-16 
7. BE-17 
6. BE-16 
1.6E-18 
1.2E-16 
3. BE-19 
6.6E-18 
6. BE-16 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) ( p C i / c d / s )  (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 

. N w  
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

PO-210 
RA-223 
RA-224 
RA-226 
FA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-22 8 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 

1. SE-12 
4.1E-13 
1.6E-13 
1.7E-12 
1.8E-13 
4.OE-14 
3.3E-13 
2.6E-11 
5.1E-14 
3.7E-13 
7.8E-13 
7.6E-13. 
5.1E-14 
5.1E-14 
7.8E-13 
2.1E-04 
3.8E-13 
1.6E-13 
1.4E-12 
2.9E-15 
2. SE-13 
7.8E-16 
1.1E-14 
1.4E-12 
1.4E-12 
3.8E-13 
1. SE-13 
1.6E-12 
1.6E-13 
3.7E-14 
3.OE-13 
2.4E-11 
4.7E-14 
3.4E-13 
7.2E-13 
7.OE-13 
4.7E-14 
4.7E-14 
7.2E-13 
2.OE-04 
3.5E-13 
1.513-13 
1.3E-12 
2.5E-15 
2.4E-13 
7.3E-16 
6.9E-15 

2.8E-16 
7.3E-17 
2.9E-17 
3.1E-16 
3.2E-17 
7.3E-18 
5.9E-17 
4.8E-15 
9.2E-18 
6.7E-17 
1.4E-16 
1.4E-16 
9.3E-18 
9.3E-18 
1.4E-16 
O.OE+OO 
6.8E-17 
2.9E-17 
2. 5E-16 
5.2E-19 
4.6E-17 
1.4E-19 
1.9E-18 
2.5E-16 
2.5E-16 
6.8E-17 
2.7E-17 
2.8E-16 
3.OE-17 
6.7E-18 
5 .  5E-17 
4.4E-15 
8. SE-18 
6.2E-17 
1.3E-16 
1.3E-16 
8.5E-18 
8,SE-18 
1.3E-16 
O.OE+OO 
6.3E-17 
2.7E-17 
2.4E-16 
4.4E-19 
4.3E-17 
1.3E-19 
1.2E-18 

4.1E-16 
1.1E-16 
4.3E-17 
4. SE-16 
4.8E-17 
1.1E-17 
8.7E-17 
7.1E-15 
1.4E-17 
9.9E-17 
2.1E-16 
2.OE-16 
1.4E-17 
1.4E-17 
2.1E-16 
O.OE+OO 
8.3E-17 
3.5E-17 
3.1E-16 
5.9E-19 
5.6E-17 
1.7E-19 
1.4E-18 
3.1E-16 
3.1E-16 
8.3E-17 
3.3E-17 
3.5E-16 
3.6E-17 
8.2E-18 
6.7E-17 
5.4E-15 
1.OE-17 
7.6E-17 
1.6E-16 
1.6E-16 
1.OE-17 
1.OE-17 
1.6E-16 
O.OE+OO 
7.2E-17 
3.OE-17 
2.7E-16 
4.6E-19 
4.9E-17 
1.5E-19 
8.8E-19 

6.8E-16 
1.8E-16 
7.2E-17 
7.6E-16 
8.OE-17 
1.8E-17 
1.5E-16 
1.2E-14 
2.3E-17 
1.7E-16 
3.5E-16 
3.4E-16 
2.3E-17 
2.3E-17 
3.5E-16 
0 .OE+OO 
1.5E-16 . 
6.4E-17 
5.7E-16 
1.J.E-18 ' 

1.OE-16 
3.1E-19 
3.3E-18 
5.7E-16 
5.7E-16 
1.5E-16 
6.OE-17 
6.3E-16 
6.6E-17 
1.5E-17 
1.2E-16 
9.8E-15 
1.9E-17 
1.4E-16 
2.9E-16 
2.8E-16 
1.9E-17 
1.9E-17 
2.9E-16 

1.3E-16 
5.7E-17 
S.1E-16 
9.OE-19 
9.1E-17 
2.8E-19 
2.1E-18 

0 .OE+OO 

, 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

Nw 
Nlia 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 

- -  Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw + e  

1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 

PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 

1.3E-12 
1.3E-12 
3.5E-13 
1.4E-13 
1.5E-12 
1.5E-13 
3. SE-14 
2.8E-13 
2.3E-11 
4.4E-14 
3.2E-13 
6.7E-13 
6.5E-13 
4.4E-14 
4.4E-14 
6.7E-13 
1.8E-04 
3.2E-13 
1.4E-13 
1.2E-12 
2.1E-15 
2.2E-13 
6.7E-16 
4.5E-15 
1.2E-12 
1.2E-12 
3.2E-13 
1.3E-13 
1.4E-12 
1.4E-13 
3.2E-14 
2.6E-13 
2.1E-11 
4.OE-14 
2.9E-13 
6.2E-13 
6.1E-13 
4.1E-14 
4.1E-14 
6.2E-13 
1.6E-04 
2.9E-13 
1.2E-13 
1.1E-12 
1.6E-15 
2.OE-13 
5.9E-16 

2.4E-16 
2.4E-16 
6.3E-17 
2.5E-17 
2.6E-16 
2.8E-17 
6.3E-18 
5.1E-17 
4.1E-15 
7.9E-18 
5.7E-17 
1.2E-16 
1.2E-16 
7.9E-18 
7.. 9E-18 
1.2E-16 
0 .OE+OO 
5.8E-17 
2.4E-17 
2.2E-16 
3.7E-19 
3.9E-17 
1.2E-19 
8.1E-19 
2.2E-16 
2.2E-16 
5.8E-17 
2.3E-17 
2.4E-16 
2.6E-17 
5.8E-18 
4.7E-17 
3.8E-15 
7.3E-18 
5.3E-17 
1.1E-16 
1.1E-16 
7.4E-18 
7.4E-18 
1.1E-16 
O.OE+OO 
5.2E-17 
2.2E-17 
2.OE-16 
2.9E-19 
3.5E-17 
1.1E-19 

2.7E-16 
2.7E-16 
7.2E-17 
2.8E-17 
3.OE-16 
3.1E-17 
7.1E-18 
5.8E-17 

. 4.7E-15 
9.OE-18 
6.5E-17 
1.4E-16 
1.3E-16 
9.1E-18 
9.1E-18 
1.4E-16 
O.OE+OO 
6.3E-17 
2.6E-17 
2.4E-16 
3.7E-19 
4.3E-17 
1.3E-19 
5.6E-19 
2.4E-16 
2.4E-16 
6.3E-17 
2.5E-17 
2.6E-16 
2.8E-17 
6.3E-18 
5.1E-17 
4.1E-15 
7.9E-18 
5.7E-17 
1.2E-16 
1.2E-16 
8.OE-18 
8.OE-18 
1.2E-16 
0 .OE+OO 
5.3E-17 
2.2E-17 
2.OE-16 
2.7E-19 
3.6E-17 
1.1E-19 

5.1E-16 
5.1E-16 
1.3E-16 
5.3E-17 
5.6E-16 
5.9E-17 
1.3E-17 
1.1E-16 
8.8E-15 
1.7E-17 
1.2E-16 
2.6E-16 
2.5E-16 
1.7E-17 
1.7E-17 
2.63-16 
O.OE+OO 
1.2E-16 
5.1E-17 
4.6E-16 
7.4E-19 
8.2E-17 
2.5E-19 
1.4E-18 
4.6E-16 
4.6E-16 
1.2E-16 
4.8E-17 
5.1E-16 
5.3E-17 
1.2E-17 
9.8E-17 
7.9E-15 
1.5E-17 
1.1E-16 
2.3E-16 
2.3E-16 
1.5E-17 
1.5E-17 
2.3E-16 
O.OE+OO 
1.1E-16 
4.4E-17 
4.OE-16 
5.6E-19 
7.1E-17 
2.2E-19 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

4 2 6 1  

,.. . 

D r y  Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cmZ/s) (pCi/cm2/s) (pCi/cm2/s) 

Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 

2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 9 

2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 

PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 

2.4E-15 4.3E-19 
l.lE-12 2.OE-16 
l.lE-12 2.OE-16 
2.9E-13 5.2E-17 
1.1E-13 2.1E-17 
1.2E-12 2.2E-16 
1.3E-13 2.3E-17 
2.9E-14 5.2E-18 
2.3E-13 4.2E-17 
1.9E-11 3.4E-15 
3.6E-14 6.5E-18 
2.6E-13 4.7E-17 
5.6E-13 1.OE-16 
5.43-13 9.73-17 
3.73-14 6.63-18 
3.73-14 6.63-18 
5.6E-13 1.OE-16 
1.5E-04 O.OE+OO 
2.6E-13 4.7E-17 
1.1E-13 1.9E-17 
9.8E-13 1.8E-16 
1.2E-15 2.23-19 
1.8E-13 3.2E-17 
5.33-16 9.53-20 
1.3E-15 2.3E-19 
9.8E-13 1.8E-16 
9.8E-13 1.8E-16 
2.6E-13 4.7E-17 
1.OE-13 1.9E-17 
l.lE-12 2.OE-16 
l.lE-13 2.1E-17 
2.6E-14 4.7E-18 
2 - 1E-13 3.8E-17 
1.7E-11 3.1E-15 
3.23-14 5.83-18 
2.4E-13 4.3E-17 
5.OE-13 9.OE-17 
4.9E-13 8.8E-17 
3.3E-14 5.9E-18 
3.3E-14 5.9E-18 
5.OE-13 9.OE-17 
1.4E-04 0 .OE+OO 
2.5E-13 4.5E-17 
1.OE-13 1.9E-17 
9.5E-13 1 2 - 1 6  
1.2E-15 2.1E-19 
1.7E-13 3.1E-17 

2.9E-19 
2.OE-16 
2.OE-16 
5.3E-17 
2.1E-17 
2.2E-16 
2.3E-17 
5 - 3E-18 
4.3E-17 
3.5E-15 
6.6E-18 
4.8E-17 
1.OE-16 
1.OE-16 
6.7E-18 
6.7E-18 
1.OE-16 
O.OE+OO 
4.6E-17 
1.9E-17 
1.7E-16 
2.OE-19 
3.1E-17 
9.3E-20 
1. SE-19 
1.7E-16 
1.7E-16 
4.6E-17 
1.8E-17 
1.9E-16 
2.OE-17 
4.6E-18 
3.7E-17 
3.OE-15 
5.7E-18 
4.2E-17 
8.8E-17 
8.6E-17 
5.8E-18 
5.8E-18 
8.8E-17 

4.4E-17 
1.8E-17 
1.7E-16 
1.8E-19 
3.OE-17 

0 .OE+OO 

7.1E-19 
4.OE-16 
4.OE-16 
1.1E-16 
4.2E-17 
4.4E-16 
4.6E-17 
1.OE-17 
8.5E-17 
6.9E-15 
1.3E-17 
9.6E-17 
2.OE-16 
2.OE-16 
1.3E-17 
1.3E-17 
2.OE-16 
O.OE+OO 
9.3E-17 
3.8E-17 
3.5E-16 
4.3E-19 
6.3E-17 
1.9E-19 
3.8E-19 
3.5E-16 
3.5E-16 
9.3E-17 
3.7E-17 
3.9E-16 
4.1E-17 
9 ..2E-18 
7. SE-17 
6.OE-15 
1.2E-17 
8.  SE-17 
1.8E-16 
1.7E-16 
1.2E-17 
1 - 2E-17 
1.8E-16 

8.9E-17 
3.7E-17 
3.4E-16 
3.9E-19 
6.1E-17 

O.OE+OO 

000266 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cmZ/s) (pCi/crnZ/s) (pCi/d/s) 

Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 

. N w  
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 

I 

2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 

PA-234 
PA-234M 
PB-2 10 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
.RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 

5.113-16 
1.OE-15 
9. SE-13 
9.5E-13 
2.5E-13 
1.OE-13 
I. 1E-12 
1.1E-13 
2.5E-14 
2.OE-13 
1.6E-11 
3.1E-14 
2.3E-13 
4.8E-13 
4.7E-13 
3.2E-14 
3.2E-14 
4.8E-13 
1.4E-04 
2.4E-13 
9.6E-14 
8.9E-13 
9.8E-16 
1.6E-13 
4.8E-16 
6.6E-16 
8.9E-13 
8.9E-13 
2.4E-13 
9.4E-14 
9.9E-13 
1.OE-13 
2.4E-14 
1.9E-13 
1.5E-11 
2.9E-14 
2.2E-13 
4.6E-13 
4.4E-13 
3.OE-14 
3.OE-14 
4.6E-13 
1.3E-04 
2.3E-13 
9.3E-14 
8.7E-13 
9.1E-16 

9.23-20 
1.8E-19 
1.7E-16 
1.7E-16 
4. 5E-17 
1.8E-17 
1.9E-16 
2.OE-17 
4.5E-18 
3.7E-17 
3.OE-15 
5.6E-18 
4.1E-17 
8.7E-17 
8.5E-17 
5.7E-18 
5.7E-18 
8.7E-17 
0 .OE+OO 
4.3E-17 
1.7E-17 
1.6E-16 
1.8E-19 
2.9E-17 
8.6E-20 
1.2E-19 
1.6E-16 
1.6E-16 
4.3E-17 
1.7E-17 
1.8E-16 
1.9E-17 
4.2E-18 
3.4E-17 
2.8E-15 
5.3E-18 
3.9E-17 
8. ?E-17 
8.OE-17 
5.4E-18 
5.4E-18 
8.2E-17 
0 .OE+OO 
4.1E-17 
1.7E-17 
1.6E-16 
1.6E-19 

8.9E-2 0 
1.2E-19 
1.7E-16 
1.7E-16 
4.4E-17 
1.7E-17 
1.8E-16 
1.9E-17 
4.4E-18 
3.5E-17 
2.9E-15 
5.5E-18 
4.OE-17 
8.5E-17 
8.2E-17 
5.6E-18 
5.6E-18 
8. SE-17 
O.OE+OO 
4.OE-17 
1.6E-17 
1.5E-16 
1.5E-19 
2.7E-17 
8.1E-20 
8.1E-20 
1.5E-16 
1.5E-16 
4.OE-17 
1.6E-17 
1.7E-16 
1.8E-17 
4.OE-18 
3.3E-17 
2.6E-15 
5.OE-18 
3.7E-17 
7.8E-17 
7.6E-17 
5.1E-18 
5.1E-18 
7.8E-17 
O.OE+OO 
3.9E-17 
1.6E-17 
1.5E-16 
1.4E-19 

;L. 8E-19 
3.OE-19 
3.4E-16 
3.4E-16 
8.9E-17 
3.5E-17 
3.7E-16 
3.9E-17 
8.9E-18 
7.2E-17 
5.83-15 
1.1E-17 
8.1E-17 
1.7E-16 
1.7E-16 
1.1E-17 
1.1E-17 
1.7E-16 
0 .OE+OO 
8.3E-17 
3.4E-17 
3.1E-16 
3.3E-19 
5.6E-17 
1.7E-19 
2.OE-19 
3.1E-16 
3.1E-16 
8.3E-17 
3.3E-17 
3.5E-16 
3.6E-17 
8.3E-18 
6.7E-17 
5.4E-15 
1.oE-17 
7.6E-17 
1.6E-16 
1.6E-16 
1.1E-17 
1.1E-17 
1.6E-16 

8.OE-17 
3.2E-17 
3.OE-16 
3.1E-19 

0 .OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

- 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cmZ/s) (pCi/cm2/s) 

Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
w 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 
Nw 

WNW 
WNW 
WNW 
WNW 

2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
3 00 
300 
300 

PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-2 3 4 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 

1.6E-13 
4.6E-16 
5.4E-16 
8.7E-13 
8.7E-13 
2.3E-13 
9.1E-14 
9.6E-13 
1.OE-13 
2.3E-14 
1.9E-13 
1.5E-11 
2.9E-14 
2.1E-13 
4.4E-13 
4.3E-13 
2.9E-14 
2.9E-14 
4.4E-13 
1.1E-04 
1.8E-13 
7.2E-14 
6.8E-13 
5.OE-16 
1.2E-13 
3.5E-16 
1.OE-16 
6.8E-13 
6.8E-13 
1.8E-13 
7.2E-14 
7.6E-13 
7.9E-14 
1.8E-14 
1.5E-13 
1.2E-11 
2.2E-14 
1.6E-13 
3.5E-13 
3.4E-13 
2.3E-14 
2.3E-14 
3.5E-13 
2,OE-04 
3.6E-13 
1.6E-13 
1.4E-12 

2.8E-17 
8.3E-20 
9.7E-20 
1.6E-16 
1.6E-16 
4.1E-17 
1.6E-17 
1.7E-16 
1.8E-17 
4.1E-18 
3.3E-17 
2.7E-15 
5.1E-18 
3.8E-17 
8.OE-17 
7.8E-17 
5.2E-18 
5.2E-18 
8.OE-17 
0 .OE+OO 
3.3E-17 
1.3E-17 
1.2E-16 
9.OE-20 
2.2E-17 
6.43-20 
1.9E-20 
1.2E-16 
1.2E-16 
3.3E-17 
1.3E-17 
1.4E-16 
1.4E-17 
3.2E-18 
2.6E-17 
2.1E-15 
4.OE-18 
3.OE-17 
6.3E-17 
6.1E-17 
4.1E-18 
4.1E-18 
6.3E-17 
O.OE+OO 
6.5E-17 
2.8E-17 
2.4E-16 

2.6E-17 
7.8E-20 
6.6E-20 
1.5E-16 
1.5E-16 
3.9E-17 
1.5E-17 
1.6E-16 
1.7E-17 
3.9E-18 
3.1E-17 
2.5E-15 
4.8E-18 
3. SE-17 
7.5E-17 
7.3E-17 
4.9E-18 
4.9E-18 
7.5E-17 
0 .OE+OO 
2.9E-17 
1.2E-17 
1.1E-16 
7.6E-20 
2.OE-17 
5.8E-20 
1.3E-20 
1.1E-16 
1.1E-16 
2.9E-17 
1.2E-17 
1.2E-16 
1.3E-17 
2.9E-18 
2.4E-17 
1.9E-15 
3.6E-18 
2.7E-17 
5.7E-17 
5.5E-17 
3.7E-18 
3.7E-18 
5.7E-17 
0. OEtOO 
4.6E-16 
2.OE-16 
1.7E-15 

5.4E-17 
1.6E-19 
1.6E-19 
3.OE-16 
3.OE-16 . 
8.OE-17 
3.2E-17 
3.4E-16 
3.5E-17 
8.OE-18 
6. SE-17 
5.2E-15 
9.9E-18 
7.3E-17 
1.5E-16 
1.5E-16 
1.OE-17 
1.OE-17 
1.5E-16 
O.OE+OO 
6.2E-17 
2.5E-17 
2.3E-16 
1.7E-19 
4.2E-17 
1.2E-19 
3.2E-20 
2.3E-16 
2.3E-16 
6.2E-17 
2.5E-17 
2.6E-16 
2.7E-17 
6.2E-18 
5.OE-17 
4.OE-15 
7.6E-18 
5.7E-17 
1.2E-16 
1.2E-16 
7.8E-18 
7.8E-18 
1.2E-16 
O.OE+OO 
5.3E-16 
2.3E-16 
2.OE-15 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Wet Ground Dry 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
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WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 

- 

. h  I 

300 
300 
300 
300 
300 
300 
300 
3 00 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
700 
700 
700 

FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-22 8 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 

4.5E-15 
2.4E-13 
7.7E-16 
1.1E-13 
1.4E-12 
1.4E-12 
3.6E-13 
1.4E-13 
1.5E-12 
1.6E-13 
3.6E-14 
2.9E-13 
2.3E-11 
4. 5E-14 
3.3E-13 
6.9E-13 
6.8E-13 
4.6E-14 
4.6E-14 
6.93-13 
2.OE-04 
3.7E-13 
1.6E-13 ', 

1.4E-12 
4.2E-15 
2. SE-13 
7.9E-16 
5.OE-14 
1.4E-12, 
1.4E-12 
3.7E-13 
1.5E-13 
1.5E-12 
1.6E-13 
3.7E-14 
3.OE-13 
2.4E-11 
4.7E-14 
3.4E-13 
7.1E-13 
6.9E-13 
4.7E-14 
4.7E-14 
7.1E-13 
2.3E-04 
4.2E-13 
1.8E-13 

8.OE-19 
4.4E-17 
1.4E-19 
1.9E-17 
2.4E-16 
2.4E-16 
6.5E-17 
2.6E-17 
2.7E-16 
2.8E-17 
6.4E-18 
5.2E-17 
4.2E-15 
8.2E-18 
5.9E-17 
1.2E-16 
1.28-16 ' 
8.2E-18 
8.2E-18 
1.2E-16 
0 .OE+OO 
6.7E-17 
2.9E-17 
2.5E-16 
7.5E-19 
4. SE-17 
1.4E-19, 
9.OE-18 
2. SE-16 
2. SE-16 
6.7E-17 
2.6E-17 
2.8E-16 
2.9E-17 
6.6E-18 
5.4E-17 
4.3E-15 
8.4E-18 
6.1E-17 
1.3E-16 
1.2E-16 
8.4E-18 
8.4E-18 
1.3E-16 
0 .OE+OO 
7.5E-17 
3.2E-17 

5.4E-18 
3.1E-16 
9.8E-19 
6.2E-17 
1.7E-15 
1.7E-15 
4.6E-16 
1.8E-16 
1.9E-15 
2.OE-16 
4.6E-17 
3.7E-16 
3.OE-14 
5.8E-17 
4.2E-16 
8.8E-16 
8.6E-16 
5.8E-17 
5.8E-17 
8.8E-16 
0 .OE+OO 
2.8E-16 
1.2E-16 
1 .) OE-15 
2.9E-18 
1.9E-16 
5.9E-19 
1.6E-17 
1.OE-15 
1.OE-15 
2.8E-16 
1.1E-16 
1.2E-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.8E-14 
3.5E-17 
2.5E-16 
5.3E-16 
5.2E-16 
3.5E-17 
3.5E-17 
5.3E-16 

2.OE-16 
8.4E-17 

O.OE+OO 

6.2E-18 
3.6E-16 
1.1E-18 
8.1E-17 
2.OE-15 
2.OE-15 
5.3E-16 
2.1E-16 
2.2E-15 
2.3E-16 
5.2E-17 
4.2E-16 
3.4E-14 
6.6E-17 
4.8E-16 
1.OE-15 
9.8E-16 
6.63-17 . .  
6.6E-17 
1.OE-15 . .  
0. OE+OO 
3.4E-16 
1.5E-16 
1.3E-15 
3.7E-18 
2.3E-16 
7.3E-19 
2.5E-17 
1.3E-15 

' 1.3E-15 
3.4E-16 
1.4E-16 
1.4E-15 
1.5E-16 
3.4E-17 
2.8E-16 
2.2E-14 
4.3E-17 
3.1E-16 
6.6E-16 
6.4E-16 
4.3E-17 
4.3E-17 
6.6E-16 
0 .OE+OO 
2.7E-16 
1.2E-16 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/Cm2/S) (pCi/cd/s) 
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WNW 
WNW 
WNW 
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WNW 

' W N W  
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WNW 
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WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 

700 
700 
700 
700 
700 
7 00 
700 
700 
7 00 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000. 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 

BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 

1.6E-12 
4.3E-15 
2.8E-13 
8.9E-16 
3.3E-14 
1.6E-12 
1.6E-12 
4.2E-13 
1.7E-13 
1.7E-12 
1.8E-13 
4.2E-14 
3.4E-13 
2.7E-11 
5.3E-14 
3.8E-13 
8.OE-13 
7.8E-13 
5.3E-14 
5.3E-14 
8.OE-13 
2.5E-04 
4.5E-13 
1.9E-13 
1.7E-12 
4.OE-15 
3.1E-13 
9.5E-16 
1.9E-14 
1.7E-12 
1.7E-12 
4.5E-13 
1 .. 8E-13 
1.9E-12 
2.OE-13 
4.5E-14 
3.6E-13 
2.9E-11 
5.7E-14 
4.1E-13 
8.7E-13 
8.5E-13 
5.7E-14 
5.7E-14 
8.7E-13 
2.3E-04 
4.1E-13 

2.8E-16 
7.7E-19 
5.1E-17 
1.6E-19 
5.9E-18 
2.8E-16 
2.8E-16 
7.5E-17 
3.OE-17 
3.1E-16 
3.3E-17 
7.5E-18 
6.1E-17 
4.9E-.15 
9.5E-18 
6.8E-17 
1.4E-16 
1.4E-16 
9.5E-18 
9.5E-18 
1.4E-16 
0 .OE+OO 
8.1E-17 
3.5E-17 
3.1E-16 
7.1E-19 
5.5E-17 
1.7E-19 
3.4E-18 
3.13-16 
3.1E-16 
8.1E-17 
3.2E-17 
3.4E-16 
3.6E-17 
8.1E-18 
6.6E-17 
5.3E-15 
1.OE-17 
7.4E-17 
1.6E-16 
1.5E-16 
1.OE-17 
1.OE-17 
1.6E-16 
O.OE+OO 
7.3E-17 

7.4E-16 
1.8E-18 
1.3E-16 
4.1E-19 
7.3E-18 
7.4E-16 
7.4E-16 
2.OE-16 
7.8E-17 
8.2E-16 
8.6E-17 
2.OE-17 
1.6E-16 
1.3E-14 
2.5E-17 
1.8E-16 
3.8E-16 
3.7E-16 
2. SE-17 
2.5E-17 
3.8E-16 
0 .OE+OO 
1.4E-16 
5.8E-17 
5.1E-16 
1.1E-18 
9.3E-17 
2.9E-19 
3.OE-18 
5.1E-16 
5.1E-16 
1.4E-16 
5.4E-17 
5.7E-16 
6.OE-17 
1.4E-17 
1.1E-16 
8.9E-15 
1.7E-17 
1.2E-16 
2.6E-16 
2.6E-16 
1.7E-17 
1.7E-17 
2.6E-16 
O.OE+OO 
1.OE-16 

1.OE-15 
2.6E-18 
1.8E-16 
5.7E-19 
1.3E-17 
1.OE-15 
1.OE-15 
2.7E-16 
1.1E-16 
1.1E-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.8E-14 
3.4E-17 
2.5E-16 
5.2E-16 
5.1E-16 
3.4E-17 
3.4E-17 
5.2E-16 
0 .OE+OO 
2.2E-16 
9.3E-17 
8.2E-16 
1.8E-18 
1.5E-16 
4.6E-19 
6.4E-18 
8.2E-16 
8.2E-16 
2.2E-16 
8.7E-17 
9.1E-16 
9.6E-17 
2.2E-17 
1.8E-16 
1.4E-14 
2.7E-17 
2.OE-16 
4.2E-16 
4.1E-16 
2.8E-17 
2.8E-17 
4.2E-16 
O.OE+OO 
1.8E-16 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 
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.’ * 

1300 
1300 
1300 
1300 
1300 
13 00 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 

AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-2 3 1 
PA-2 3 4 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 

1.7E-13 
1.5E-12 
3.1E-15 
2.8E-13 
8.5E-16 
9.9E-15 
1.5E-12 
1.5E-12 
4.1E-13 
1.6E-13 
1-7E-12 
1.8E-13 
4.OE-14 
3.3E-13 
2.6E-11 
5.1E-14 
3.7E-13 
7.8E-13 
7.6E-13 
5.1E-14 
5.1E-14 
7.8E-13 
2.1E-04 
3.7E-13 
1.6E-13 
1.4E-12 
2.6E-15 
2.5E-13 
7.8E-16 
6.4E-15 
1.4E-12 
1.4E-12 
3.7E-13 
1.5E-13 
1.6E-12 
1.6E-13 
3.7E-14 
3.OE-13 
2.4E-11 
4.7E-14 
3.4E-13 
7.2E-13 
7.OE-13 
4.7E-14 
4.7E-14 
7.2E-13 
2.OE-04 

3.1E-17 
2.8E-16 
5.5E-19 
5.OE-17 
1.5E-19 
1.8E-18 
2.8E-16 
2.8E-16 
7.3E-17 
2.9E-17 
3.1E-16 
3.2E-17 
7.3E-18 
5.9E-17 
4.8E-15 
9.2E-18 
6.7E-17 
1.4E-16 
1.4E-16 
9.3E-18 
9.3E-18 
1.4E-16 
O.OE+OO 
6.7E-17 
2.8E-17 
2.5E-16 
4.6E-19 
4.6E-17 
1.4E-19 
1.2E-18 
2.5E-16 
2.5E-16 
6.7E-17 
2.7E-17 
2.8E-16 
3.OE-17 
6.7E-18 
5.4E-17 
4.4E-15 
8.4E-18 
6.1E-17 
1.3E-16 
1.3E-16 
8.5E-18 
8.5E-18 
1.3E-16 
O.OE+OO 

4.4E-17 
3.9E-16 
7-OE-19 
7.1E-17 
2.2E-19 
1.4E-18 
3.9E-16 
3.9E-16 
1.OE-16 
4.2E-17 
4.4E-16 
4.6E-17 
1.OE-17 
8.4E-17 
6.8E-15 
1.3E-17 
9.5E-17 
2.OE-16 
2.OE-16 
1.3E-17 
1.3E-17 
2.OE-16 

9.OE-17 
3.8E-17 
3.4E-16 
5. SE-19 
6.1E-17 
1.9E-19 
8.7E-19 
3.4E-16 
3.4E-16 
9.OE-17 
3.6E-17 
3.8E-16 
4.OE-17 
9.OE-18 
7.3E-17 
5.9E-15 
1.1E-17 
8.2E-17 
1.7E-16 
1.7E-16 
1.1E-17 
1.1E-17 
1.7E-16 

0 .OE+OO 

O.OE+OO 

7.5E-17 
6.7E-16 
1.3E-18 
1.2E-16 
3.7E-19 
3.2E-18 
6.7E-16 
6.7E-16 
1.8E-16 
7.1E-17 
7.4E-16 
7.8E-17. 
1.8E-17 
1.4E-16 
1.2E-14 
2.2E-17 
1.6E-16 
3.4E-16 
3.3E-16 
2.2E-17 
2.2E-17 
3.4E-16 

1.6E-16 
6.6E-17 
5.9E-16 
1.OE-18 
1.1E-16 
3.3E-19 
2.OE-18 
5.9E-16 
5.9E-16 
1.6E-16 
6.3E-17 
6.6E-16 
6.9E-17 
1.6E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1.4E-16 
3.OE-16 
3.OE-16 
2.OE-17 
2.OE-17 
3.OE-16 

O.OE+OO 

O.OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Wet Ground Dry 
Air * Deposition Deposition Deposition 

Toward (meters ) Nuclide (pCi /L) (PCi /Cm2 / S 1 (PCidCd / S (PCi / C d  s 
Wind Distance Concentration Rate Rate Rate 

WNW 
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WNW 
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WNW 
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WNW 
WNW 
WNW 
WNW 

iF6 

& 

1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 

z '. 

* h  

AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-2 3 6 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 

3.5E-13 
1. BE-13 
1.3E-12 
2.1E-15 
2.3E-13 
7.1E-16 
4.1E-15 
1.3E-12 
1.3E-12 
3.5E-13 
1.4E-13 
1.4E-12 
1.5E-13 
3.4E-14 
2.8E-13 
2.2E-11 
4.3E-14 
3.1E-13 
6.6E-13 
6.5E-13 
4.413-14 
4.4E-14 
6.6E-13 
1.8E-04 
3.1E-13 
1.3E-13 
1.2E-12 
1.6E-15 
2.1E-13 
6.3E-16 
2.2E-15 
1.2E-12 
1.2E-12 
3.1E-13 
1.2E-13 
1.3E-12 
1.3E-13 
3.1E-14 
2.5E-13 
2.OE-11 
3.8E-14 
2.8E-13 
5.9E-13 
5.8E-13 
3.9E-14 
3.9E-14 
5.9E-13 

6.2E-17 
2.6E-17 
2.3E-16 
3.8E-19 
4.2E-17 
1.3E-19 
7.5E-19 
2.3E-16 
2.3E-16 
6.2E-17 
2.5E-17 
2.6E-16 
2.7E-17 
6.2E-18 
5.OE-17 
4.OE-15 
7.8E-18 
5.7E-17 
1.2E-16 
1.2E-16 
7 ;9E-18 
7.9E-18 
1.2E-16 
0 .OE+OO 
5.5E-17 
2.3E-17 
2.1E-16 
2.9E-19 
3.8E-17 
1.1E-19 
3.9E-19 
2.1E-16 
2.1E-16 
5.5E-17 
2.2E-17 
2.3E-16 
2.4E-17 
5.5E-18 
4.5E-17 
3.6E-15 
6.9E-18 
5.OE-17 
1.1E-16 
1.OE-16 
7.OE-18 
7.OE-18 
1.1E-16 

7.9E-17 
3.3E-17 
3.OE-16 
4.3E-19 
5.4E-17 
1.6E-19 
5.5E-19 
3.OE-16 
3.OE-16 
7.9E-17 
3.2E-17 
3.3E-16 
3.5E-17 
7.9E-18 
6.4E-17 
S.2E-15 
9.9E-18 
7.2E-17 
1.5E-16 
1 5E-16 
1.OE-17 
1.OE-17 
1.5E-16 
O.OE+OO 
6.7E-17 
2.8E-17 
2.5E-16 
3.1E-19 
4.53-17 
1.4E-19 
2.8E-19 
2. SE-16 
2.5E-16 
6.7E-17 
2.7E-17 
2.8E-16 
2.9E-17 
6.7E-18 
S.4E-17 
4.4E-15 
8.3E-18 
6.1E-17 
1.3E-16 
1.3E-16 
8.5E-18 
8.5E-18 
1.3E-16 

1.4E-16 
5.9E-17 
5.3E-16 
8.1E-19 
9.6E-17 
2.9E-19 
1.3E-18 
5.3E-16 
5.3E-16 
1.4E-16 
5.6E-17 
5.9E-16 
6.2E-17 
1.4E-17 
1.1E-16 
9.2E-15 
1.8E-17 
1.3E-16 
2.7E-16 
2.713-16 
1.8E-17 
1.8E-17 
2.7E-16 

1.2E-16 
5.OE-17 
4.6E-16 
6.OE-19 
8.3E-17 
2. SE-19 
6.7E-19 
4.6E-16 
4.6E-16 
1.2E-16 
4.9E-17 
5.1E-16 
5.4E-17 
1.2E-17 
9.9E-17 
8.OE-15 
1.5E-17 
1.1E-16 
2.4E-16 
2.3E-16 
1.SE-17 
1. SE-17 
2.4E-16 

O.OE+OO 

000272 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

~ 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/crnZ/s) (pCi/cm2/s) (pCi/cm2/s) 
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WNW 
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WNW 
WNW 
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WNW 
WNW 
WNW 
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WNW 
WNW 
WNW 

' W N W  
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WNW 
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WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 

' *  WNW 
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2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 

RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-2 10 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 

, TH-234 
U-234 
U-2 3 5 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 

' PO-210 
RA-223 
RA-224 
FA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 

1.6E-04 
2.8E-13 
1.1E-13 
1.OE-12 
1.2E-15 
1.9E-13 
5.6E-16 
1.1E-15 
1.OE-12 
1.OE-12 
2.8E-13 
1.1E-13 
1.2E-12 
1.2E-13 
2.8E-14 
2.2E-13 
1.8E-11 
3.5E-14 
2.5E-13 
5.3E-13 
5.2E-13 
3.5E-14 
3.5E-14 
5.3E-13 
1.5E-04 
2.7E-13 
1.1E-13 
1.OE-12 
1.1E-15 
1.8E-13 
5.4E-16 
9.2E-16 
1.OE-12 
1.OE-12 
2.7E-13 
1.1E-13 
1.1E-12 
1.2E-13 
2.7E-14 
2.2E-13 
1.8E-11 
3.3E-14 
2.5E-13 
5.2E-13 
5.1E-13 
3.4E-14 
3.4E-14 

0 .OE+OO 
5.OE-17 
2.OE-17 
1.9E-16 
2.2E-19 
3.4E-17 
1.OE-19 
2.OE-19 
1.9E-16 
1.9E-16 
5.OE-17 
2.OE-17 
2.1E-16 
2.2E-17 
5.OE-18 
4.OE-17 
3.3E-15 
6.2E-18 
4.6E-17 
9.6E-17 
9.4E-17 
6.3E-18 
6.3E-18 
9.6E-17 
0 .OE+OO 
4.9E-17 
2.OE-17 
1.8E-16 
2.1E-19 
3.3E-17 
9.8E-20 
1.6E-19 
1.8E-16 
1.8E-16 
4.9E-17 
1.9E-17 
2.OE-16 
2.1E-17 
4.8E-18 
3.9E-17 
3.2E-15 
6.OE-18 
4.4E-17 
9.3E-17 
9.1E-17 
6.1E-18 
6.1E-18 

O.OE+OO 
5.8E-17 
2.4E-17 
2.2E-16 
2.3E-19 
3.9E-17 
1.2E-19 
1.5E-19 
2.2E-16 
2.2E-16 
5.8E-17 
2.3E-17 
2.4E-16 
2.5E-17 
5.8E-18 
4.7E-17 
3.8E-15 
7.2E-18 
5.3E-17 
1.1E-16 
1.1E-16 
7.3E-18 
7.3E-18 
1.1E-16 
0 .OE+OO 
5.5E-17 
2.2E-17 
2.1E-16 
2.1E-19 
3.8E-17 
1.1E-19 
1.2E-19 
2.1E-16 
2.1E-16 
5.5E-17 
2 - 2E-17 
2.3E-16 
2.4E-17 
5.5E-18 
4.5E-17 
3.6E-15 
6.9E-18 
5.OE-17 
1.1E-16 
1.OE-16 
7.OE-18 
7.OE-18 

O.OE+OO 
1.1E-16 
4.4E-17 
4.1E-16 
4. SE-19 
7.3E-17 
2.2E-19 
3.5E-19 
4.1E-16 
4.1E-16 
1.1E-16 
4.3E-17 
4.5E-16 
4.7E-17 
1.1E-17 
8.7E-17 
7.OE-15 
1.3E-17 
9.8E-17 
2.1E-16 
2.OE-16 
1.4E-17 
1.4E-17 
2.1E-16 
0 .OE+OO 
1.OE-16 
4.2E-17 
3.9E-16 
4.2E-19 
7.OE-17 
2.1E-19 
2.9E-19 
3.9E-16 
3.9E-16 
1.OE-16 
4.1E-17 
4.3E-16 
,4.6E-17 
1.OE-17 
8.4E-17 
6.8E-15 
1.3E-17 
9.5E-17 
2.OE-16 
1.9E-16 
1.3E-17 
1.3E-17 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Depositi'on 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/crn2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 
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2700 
2700 
2700 
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2700 
2700 
2700 
2700 
2700 . 

wl? * 

U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 

5.2E-13 
1. SE-04 
2.5E-13 
1.OE-13 
9.6E-13 
9.7E-16 
1.7E-13 
5.1E-16 
6.OE-16 
9.6E-13 
9.6E-13 
2.5E-13 
1.OE-13 
1.1E-12 
1.1E-13 
2.5E-14 
2.1E-13 
1.7E-11 
3.2E-14 
2.3E-13 
4.9E-13 
4.8E-13 
3.2E-14 
3.2E-14 
4.9E-13 
1.4E-04 
2.5E-13 
1.OE-13 
9.3E-13 
9.OE-16 
1.7E-13 
4.9E-16 
4.8E-16 
9.3E-13 
9.3E-13 
2.5E-13 
9.8E-14 
1.OE-12 
1.1E-13 
2.5E-14 
2.OE-13 
1.6E-11 
3.1E-14 
2.3E-13 
4.8E-13 
4.6E-13 
3.1E-14 

9.3E-17 
O.OE+OO 
4.6E-17 
1.9E-17 
1.7E-16 
1.8E-19 
3.1E-17 
9.2E-20 
1.1E-19 
1.7E-16 
1.7E-16 
4.6E-17 
1.8E-17 
1.9E-16 
2.. OE-17 
4.6E-18 
3.7E-17 
3.OE-15 
5.7E-18 
4.2E-17 
8.8E-17 
8.6E-17 
5.8E-18 
5.8E-18 
8.8E-17 
0 .OE+OO 
4. SE-17 
1.8E-17 
1.7E-16 
1.6E-19 
3.OE-17 
8.9E-20 
8.73-20 
1.7E-16 
1.7E-16 
4. SE-17 
1. BE-17 
1.9E-16 
2.OE-17 
4.4E-18 
3.6E-17 
2.9E-15 
5.5E-18 
4-1E-17 
8.6E-17 
8.4E-17 
5.6E-18 

1.1E-16 

5.1E-17 
2.1E-17 
1.9E-16 
1.7E-19 
3.5E-17 
1.OE-19 

* 8.OE-20 
1.9E-16 
1.9E-16 
5.1E-17 
2.OE-17 
2.1E-16 
2.2E-17 
5.1E-18 
4.1E-17 
3.3E-15 
6.3E-18 
4.6E-17 
9.8E-17 
9.5E-17 
6.4E-18 
6.4E-18 
9.8E-17 
O.OE+OO 
4.9E-17 
2.OE-17 
1.8E-16 
1.6E-19 
3.3E-17 
9.7E-20 
6. SE-20 
1.8E-16 
1.8E-16 
4.9E-17 
1.9E-17 
2.OE-16 
2.1E-17 
4.9E-18 
4.OE-17 
3.2E-15 
6.1E-18 
4.5E-17 
9.4E-17 
9.2E-17 
6.2E-18 

O.OE+OO 
2.OE-16 
0. OE+OO 
9.7E-17 
3.9E-17 
3.6E-16 
3.SE-19 
6.613-17 
1.9E-19 
1.9E-19 
3.6E-16 
3.6E-16 
9.7E-17 
3.8E-17 
4.OE-16 
4.2E-17 
9.6E-18 
7.8E-17 
6.3E-15 
1.2E-17 
8.8E-17 
1.9E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.9E-16 
0 .OE+OO 
9.4E-17 
3.8E-17 
3.5E-16 
3.2E-19 
6.3E-17 
1.9E-19 
1.5E-19 
3. SE-16 
3.5E-16 
9.4E-17 
3.7E-17 
3.9E-16 
4.1E-17 
9.3E-18 
7.5E-17 
6.1E-15 
1.2E-17 
8.5E-17 
1.8E-16 
1.8E-16 
1.2E-17 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 
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- -  
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27 00 
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3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
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3500 
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300 
300 
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300 
300 
300 
3 00 
3 00 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
3 00 

U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 

3.1E-14 
4.8E-13 
1.2E-04 
2.OE-13 
7.8E-14 
7.5E-13 
4.8E-16 
1.3E-13 
.3.9E-16 
9.3E-17 
7.5E-13 
7.5E-13 
2.OE-13 
7.9E-14 
8.3E-13 
8.7E-14 
2.OE-14 
1.6E-13 
1.3E-11 
2.4E-14 
1.8E-13 
3.8E-13 
3.7E-13 
2.5E-14 
2.5E-14 
3.8E-13 
3.8E-04 
6.9E-13 
3.OE-13 
2.6E-12 
8.6E-15 
4.6E-13 
1.5E-15 
2.8E-13 
2.6E-12 
2.6E-12 
6.9E-13 
2.7E-13 
2.9E-12 
3.OE-13 
6.8E-14 
5.5E-13 
4.5E-11 
8.7E-14 
6.2E-13 
1.3E-12 
1.3E-12 

5.6E-18 
8.6E-17 
O.OE+OO 
3.6E-17 
1.4E-17 
1.3E-16 
8.6E-20 
2.4E-17 
6-93-20 
1.7E-20 
1.3E-16 
1.3E-16 
3.6E-17 
1.4E-17 
1.5E-16 
1.6E-17 
3.5E-18 
2.9E-17 
2.3E-15 
4.4E-18 
3.2E-17 
6.9E-17 
6.7E-17 
4. SE-18 
4.5E-18 
6.9E-17 

1.2E-16 
5.4E-17 
4.6E-16 
1.6E-18 
8.4E-17 
2.6E-19 
5.1E-17 
4.6E-16 
4.6E-16 
1.2E-16 
4.9E-17 
5.2E-16 
5.4E-17 
1.2E-17 
1.OE-16 
8.OE-15 
1.6E-17 
1.1E-16 
2.412-16 
2.3E-16 

O.OE+OO 

6.2E-18 
9.4E-17 
O.OE+OO 
3.7E-17 
1.4E-17 
1.4E-16 
8.2E-20 
2.5E-17 
7.2E-20 
1.3E-20 
1.4E-16 
1.4E-16 
3.7E-17 
1.5E-17 
1.6E-16 
1.6E-17 
3.7E-18 
3.OE-17 
2.4E-15 
4.6E-18 
3. BE-17 
7.1E-17 
7.OE-17 
4.7E-18 
4.7E-18 
7.1E-17 
0 .OE+OO 
7.4E-16 
3.2E-16 
2.8E-15 
8.9E-18 
5.OE-16 
1.6E-18 
1.4E-16 
2.8E-15 
2.8E-15 
7.4E-16 
2.9E-16 
3.1E-15 
3.3E-16 
7.4E-17 
6.OE-16 
4.8E-14 
9.4E-17 
6.8E-16 
1.4E-15 
1.4E-15 

1.2E-17 
1.8E-16 
0 .OE+OO 
7.3E-17 
2.8E-17 
2.7E-16 
1.7E-19 
4.9E-17 
1.4E-19 
3.OE-20 
2.7E-16 
2.7E-16 
7.3E-17 
2.9E-17 
3.OE-16 
3.2E-17 
7.2E-18 
5.9E-17 
4.7E-15 
9.OE-18 
6.6E-17 
1.4E-16 
1.4E-16 
9.2E-18 
9.2E-18 
1.4E-16 
O.OE+OO 
8.7E-16 
3.8E-16 
3.3E-15 
1.OE-17 
5.9E-16 
1.9E-18 
1.9E-16 
3.3E-15 
3.3E-15 
8.7E-16 
3.4E-16 
3.6E-15 
3.8E-16 
8.6E-17 
7.OE-16 
5.6E-14 
1.1E-16 
7.9E-16 
1.7E-15 
1.6E-15 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

D r y  wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pci/L) (pci/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 

. w  
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
w 
w 

300 
300 
300 
5 0 0  
500 
5 0 0  
500 
500 
500 
5 0 0  
500 
500 
5 0 0  
500 
5 0 0  
500 
5 0 0  
500 
5 0 0  
5 0 0  
500 
5 0 0  
500 
5 0 0  
500 
500 
500 
700 
700 
700 
700 

' 700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 

,.-m : 
. . - ..* 

U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 

8.713-14 
8.7E-14 
1.3E-12 
3.8E-04 
6.8E-13 
3.OE-13 
2.6E-12 
7.9E-15 
4.6E-13 
1.5E-15 
1.4E-13 
2.6E-12 
2.6E-12 
6.8E-13 
2.7E-13 
2.8E-12 
3.OE-13 
6.8E-14 
5.5E-13 
4.4E-11 
8.6E-14 
6.2E-13 
1.3E-12 
1.3E-12 
8.6E-14 
8.6E-14 
1.3E-12 
4.1E-04 
7.4E-13 
3.2E-13 
2.8E-12 
8.OE-15 
5.OE-13 
1.6E-15 
8.4E-14 
2.8E-12 
2.8E-12 
7.4E-13 
3.OE-13 
3.1E-12 
3.3E-13 
7.4E-14 
6.OE-13 
4.8E-11 
9.4E-14 
6.8E-13 
1.4E-12 

1.6E-17 
1.6E-17 
2.4E-16 

1.2E-16 
5.3E-17 
4.6E-16 
1.4E-18 
8.3E-17 
2.6E-19 
2.5E-17 
4.6E-16 
4.6E-16 
1 - 2E-16 
4.9E-17 
5.1E-16 
5.4E-17 
1.2E-17 
9.9E-17 
8.OE-15 
1.5E-17 
1.1E-16 
2.4E-16 
2.3E-16 
1.6E-17 
1.6E-17 
2.4E-16 

1.3E-16 
5.8E-17 
5.OE-16 
1.4E-18 
9.1E-17 
2.9E-19 
1.5E-17 
5.OE-16 
5.OE-16 
1.3E-16 
5.3E-17 
5.6E-16 
5.9E-17 
1.3E-17 
1.1E-16 
8.7E-15 
1.7E-17 
1.2E-16 
2.6E-16 

0 .OE+OO 

0. OE+OO 

9.4E-17 
9.4E-17 
1.4E-15 

4.4E-16 
1.9E-16 
1.7E-15 
4.8E-18 
3.OE-16 
9. SE-19 
3.8E-17 
1.7E-15 
1.7E-15 
4.4E-16 
1.8E-16 
1.9E-15 
1.9E-16 
4.4E-17 
3.6E-16 
2.9E-14 
5.6E-17 
4.OE-16 
8.5E-16 
8.3E-16 
5.6E-17 
5.6E-17 
8.5E-16 

3.2E-16 
1.4E-16 
1.2E-15 
3.1E-18 
2.1E-16 
6.7E-19 
1.6E-17 
1.2E-15 
1.2E-15 
3.2E-16 
1.3E-16 
1.3E-15 
1.4E-16 
3.1E-17 
2.6E-16 
2.1E-14 
4.OE-17 
2.9E-16 
6.1E-16 

O.OE+OO 

0 .  OE+OO 

-1.1E-16 
1.1E-16 
1.7E-15 
O.OE+OO 
5.7E-16 
2.5E-16 
2.1E-15 
6.3E-18 
3. BE-16 
1.2E-18 
6.2E-17 
2.1E-15 
2.1E-15 
5.7E-16 
2.3E-16 
2.4E-15 
2.53-16 . 

5.6E-17 
4.6E-16 
3.7E-14 
7.1E-17 
5.2E-16 
1.1E-15 
1.1E-15 
7.2E-17 
7.2E-17 
1.1E-15 
O.OE+OO 
4.5E-16 
1.9E-16 
1.7E-15 
4.5E-18 
3.1E-16 
9.6E-19 
3.2E-17 
1.7E-15 
1.7E-15 
4.5E-16 
1.8E-16 
1.9E-15 
2.OE-16 
4.5E-17 
3.6E-16 
2.9E-14 
5.7E-17 
4.1E-16 
8.7E-16 

000276 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Depositi-on 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cd/s) 

W 

W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 

w 

_ .  - -  

i ” # I  W . : J  W 
. *  

700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 

U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA - 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-23 5 
U-23 6 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 

1.4E-12 
9.4E-14 
9.4E-14 
1.4E-12 
4.4E-04 
7.8E-13 
3.4E-13 
3.OE-12 
7.3E-15 
5.3E-13 
1.7E-15 
4.3E-14 
3.OE-12 
3.OE-12 
7.8E-13 
3.1E-13 
3.3E-12 
3.4E-13 
7.8E-14 
6.3E-13 
5.1E-11 
9.9E-14 
7.1E-13 
1.5E-12 
1.5E-12 
9.9E-14 
9.9E-14 
1.5E-12 
3.9E-04 
7.OE-13 
3.OE-13 
2.6E-12 
5.6E-15 
4.8E-13 
1. 5E-15 
2.1E-14 
2.6E-12 
2.6E-12 
7.OE-13 
2.8E-13 
2.9E-12 
3.1E-13 
7.OE-14 
5.7E-13 
4.6E-11 
8.8E-14 
6.4E-13 

2.5E-16 
1.7E-17 
1.7E-17 
2.6E-16 

1.4E-16 
6.1E-17 
5.3E-16 
1.3E-18 
9.6E-17 
3.OE-19 
7.7E-18 
5.3E-16 
5.3E-16 
%.4E-16 
5 .bE-17 
5.9E-16 
6.2E-17 
1.4E-17 
1.1E-16 
9.2E-15 
1.8E-17 
1.3E-16 
2.7E-16 
2.6E-16 
1.8E-17 
1.8E-17 
2.7E-16 
O.OE+OO 
1.3E-16 
5.4E-17 
4.7E-16 
1.OE-18 
8.6E-17 
2.6E-19 
3.8E-18 
4.7E-16 
4.7E-16 
1.3E-16 
5.OE-17 
5.3E-16 
5.5E-17 
1.3E-17 
1.OE-16 
8.2E-15 
1.6E-17 
1.1E-16 

O.OE+OO 

5.9E-16 
4.OE-17 
4.OE-17 
6.1E-16 
0. OE+OO 
2.2E-16 
9.4E-17 
8.3E-16 

. 1.9E-18 
1. SE-16 
4.6E-19 
6.4E-18 
8.3E-16 
8.3E-16 
2.2E-16 
8.8E-17 
9.2E-16 
9.7E-17 
2.2E-17 
1.8E-16 
1.4E-14 
2.8E-17 
2.OE-16 
4.2E-16 
4.1E-16 
2.8E-17 
2.8E-17 
4.2E-16 

1.7E-16 
7.1E-17 
6.4E-16 
1.2E-18 
1.1E-16 
3.5E-19 
2.9E-18 
6.4E-16 
6.4E-16 
1.7E-16 
6.7E-17 
7.1E-16 
7.4E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.1E-17 
1.5E-16 

0. OE+OO 

8.4E-16 
5.7E-17 
S.7E-17 
8.7E-16 
0. OE+OO 
3.6E-16 
1.5E-16 
1.4E-15 
3.2E-18 
2-53-16 
7.6E-19 
1.4E-17 
1.4E-15 
1.4E-15 
3.6E-16 
1.4E-16 
1.5E-15 
1.6E-16 
3.6E-17 
2.9E-16 
2.4E-14 
4.5E-17 
3.3E-16 
7.OE-16 
6.8E-16 
4.6E-17 
4.6E-17 
7.OE-16 
0 .OE+OO 
3.OE-16 
1.2E-16 
1.1E-15 
2.2E-18 
2.OE-16 
6.2E-19 
6.7E-18 
1.1E-15 
1.1E-15 
3.OE-16 
1.2E-16 
1.2E-15 
1.3E-16 
2.9E-17 
2.4E-16 
1.9E-14 
3.7E-17 
2.7E-16 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

I 
I 

Wet Ground Dry 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi /L) ( pCi /cm2 / s ) (pCi / cm2 /s) (pCi/cm2 / s )  
Wind Distance Concentration Rate Rate Rate 

. w  
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
w 
W 
W 

1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
*1500 
1500 
1500 
1500 

W 1500 
W 1500 
W 1500 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 

1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 

W 1700 
W 1700 
W 1700 
W 1700 

TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 

1.3E-12 2.43-16 
1.3E-12 2.4E-16 
8.9E-14 1.6E-17 
8.9E-14 1.6E-17 
1.3E-12 2.4E-16 
3.6E-04 O.OE+OO 
6.5E-13 1.2E-16 
2.7E-13 4.9E-17 
2.4E-12 4.4E-16 
4.73-15 8.53-19 
4.4E-13 7.9E-17 
1.3E-15 2.4E-19 
1.3E-14 2.4E-18 
2.4E-12 4.4E-16 
2.4E-12 4.4E-16 
6.5E-13 1.2E-16 
2.6E-13 4.6E-17 
2.7E-12 4.9E-16 
2.8E-13 5.1E-17 
6.4E-14 1.2E-17 
5.2E-13 9.4E-17 
4.2E-11 7.63-15 
8.1E-14 1.5E-17 
5.9E-13 1.1E-16 
1.2E-12 2.2E-16 
1.2E-12 2.2E-16 
8.2E-14 1.5E-17 
8.2E-14 1.5E-17 
1.2E-12 2.2E-16 
3.4E-04 0 .OE+OO 
6.OE-13 1.1E-16 
2.5E-13 4.5E-17 
2.2E-12 4.OE-16 
4.OE-15 7.1E-19 
4.OE-13 7.3E-17 
1.2E-15 2.23-19 
8.6E-15 1.5E-18 
2.2E-12 4.OE-16 
2.2E-12 4.OE-16 
6.OE-13 1.1E-16 
2.4E-13 4.3E-17 
2.5E-12 4.5E-16 
2.6E-13 4.7E-17 
5.9E-14 1.lE-17 
4.8E-13 8.6E-17 
3.9E-11 7.OE-15 
7.4E-14 1.3E-17 

3.2E-16 
3.23-16 
2.1E-17 
2.1E-17 
3.2E-16 
0. OE+OO 
1.5E-16 
6.1E-17 
5.5E-16 
9.7E-19 
9.9E-17 
3.OE-19 
1.8E-18 
5-53-16 
5.5E-16 
1.5E-16 
5.8E-17 
6.1E-16 
6.4E-17 
1.4E-17 
1.2E-16 
9.5E-15 
1.8E-17 
1.3E-16 
2.8E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.8E-16 
O.OE+OO 
1.3E-16 
5.4E-17 
4.8E-16 
7.7E-19 
8.7E-17 
2.6E-19 
1.1E-18 
4.8E-16 
4.8E-16 
1.3E-16 
5.1E-17 
5.4E-16 
5.6E-17 
1.3E-17 
1.OE-16 
8.3E-15 
1.6E-17 

5.7E-16 
5.5E-16 
3.7E-17 
3.7E-17 
5.7E-16 
O.OE+OO 
2.6E-16 
1.1E-16 
9.9E-16 
1.8E-18 
1. BE-16 
5.4E-19 
4.2E-18 
9.9E-16 
9.9E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.6E-17 
2.1E-16 
1.7E-14 
3.3E-17 
2.4E-16 
5.OE-16 
4.9E-16 
3.3E-17 
3.3E-17 
5.OE-16 
0 .OE+OO 
2.4E-16 
9.8E-17 
8.9E-16 
1.5E-18 
1.6E-16 
4.9E-19 
2.7E-18 
8.9E-16 
8.9E-16 
2.4E-16 
9.3E-17 

1.OE-16 
2.3E-17 
1.9E-16 
1.5E-14 
2.9E-17 

9 .a~-16 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cmZ/s) (pCi/crnZ/s) (pCi/cmZ/s) 

W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 

1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2 0.0 0 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 

TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 

5.4E-13 
1.1E-12 
1.1E-12 
7.5E-14 
7.5E-14 
1.1E-12 
3.OE-04 
5.3E-13 
2.2E-13 
2.OE-12 
3.1E-15 
3.6E-13 
1.1E-15 
4.413-15 
2.OE-12 
2.OE-12 
5.3E-13 
2.1E-13 
2.2E-12 
2 - 3E-13 
5 - 3E-14 
4.3E-13 
3.512-11 
6 - 6E-14 
4.8E-13 
1.OE-12 
1.OE-12 
6.7E-14 
6 - 7E-14 
1.OE-12 
2.8E-04 
4.8E-13 
2.OE-13 
1.8E-12 
2.4E-15 
3.3E-13 
9.8E-16 
2.3E-15 
1.8E-12 
1.8E-12 
4.8E-13 
1.9E-13 
2.OE-12 
2.1E-13 
4.8E-14 
3.9E-13 
3.1E-11 

9.7E-17 
2.1E-16 
2.OE-16 
1.4E-17 
1.4E-17 
2.1E-16 

9.6E-17 
4.OE-17 
3.6E-16 
5. SE-19 
6.5E-17 
2.OE-19 
7.9E-19 
3.6E-16 
3.6E-16 
9.6E-17 
3.8E-17 
4.OE-16 
4.2E-17 
9.5E-18 
7.7E-17 
6.2E-15 
1.2E-17 
8.7E-17 
1.8E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.8E-16 
0 .OE+OO 
8.7E-17 
3.6E-17 
3.3E-16 
4.3E-19 
5.9E-17 
1.8E-19 
4.1E-19 

0. OE+OO 

3 .iE-16 
3.3E-16 
8.7E-17 
3.4E-17 
3.6E-16 
3.8E-17 
8.6E-18 
7.OE-17 
5.6E-15 

1.2E-16 
2.5E-16 
2.4E-16 
1.6E-17 
1.6E-17 
2.5E-16 
O.OE+OO 
1.1E-16 
4.5E-17 
4.1E-16 
5.7E-19 
7.3E-17 
2.2E-19 
5 - 8E-19 
4.1E-16 
4.1E-16 
1.1E-16 
4.3E-17 
4. SE-16 
4.8E-17 
1.1E-17 
8.7E-17 
7.1E-15 
1.4E-17 
9.9E-17 
2.1E-16 
2.OE-16 
1.4E-17 
1.4E-17 
2.1E-16 
O.OE+OO 
9.4E-17 
3.8E-17 
3.5E-16 
4.3E-19 
6.4E-17 
1.9E-19 
3.OE-19 
3.5E-16 
3.5E-16 
9.4E-17 
3.7E-17 
3.9E-16 
4.1E-17 
9.3E-18 
7.6E-17 
6.1E-15 

b 2.1E-16 
4.5E-16 
4.4E-16 
3.OE-17 
3.OE-17 
4.5E-16 

2.OE-16 
8.5E-17 
7.7E-16 
1.1E-18 
1.4E-16 
4.2E-19 
1.4E-18 
7.7E-16 
7.7E-16 
2.OE-16 , 

8.1E-17 
8. SE-16 
8.9E-17 
2.OE-17 
1.6E-16 
1.3E-14 
2.5E-17 
1.9E-16 
3.9E-16 
3.8E-16 
2.6E-17 
2.6E-17 
3.9E-16 
0. OE+OO 
1.8E-16 
7.4E-17 
6.8E-16 
8.6E-19 
1.'2E-16 
3.7E-19 
7.2E-19 
6.8E-16 
6.8E-16 
1.8E-16 
7.2E-17 
7.5E-16 
7.9E-17 
1.8E-17 
1.5E-16 
1.2E-14 

0 . OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

D r y  Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide . (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
'W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 

2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2 4'0 0 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 

.< 

TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 

6.OE-14 
4.4E-13 
9.3E-13 
9.OE-13 
6.1E-14 
6.1E-14 
9.3E-13 
2.7E-04 
4.7E-13 
1.9E-13 
1.8E-12 
2.2E-15 
3.2E-13 
9.5E-16 
1.9E-15 
1.8E-12 
1.8E-12 
4.7E-13 
1.9E-13 
2.OE-12 
2.OE-13 
4.6E-14 
3.8E-13 
3.OE-11 
5.8E-14 
4.3E-13 
9.OE-13 
8.8E-13 
5.9E-140 
5.9E-14 
9.OE-13 
2. SE-04 
4.4E-13 
1.8E-13 
1.7E-12 
1.9E-15 
3.OE-13 
8.9E-16 
1.2E-15 
1.7E-12 
1.7E-12 
4.4E-13 
1.8E-13 
1.8E-12 
1.9E-13 
4.4E-14 
3.6E-13 

1.1E-17 
7.9E-17 
1.7E-16 
1.6E-16 
1.1E-17 
1.1E-17 
1.7E-16 

8.4E-17 
3.5E-17 
3.2E-16 
4.OE-19 
5.7E-17 
1.7E-19 
3.3E-19 
3.2E-16 
3.2E-16 
8.4E-17 
3.3E-17 
3.5E-16 
3.7E-17 

, 8.4E-18 
o 6.8E-17 
5.5E-15 
1.OE-17 
7.7E-17 
1.6E-16 6 

1.6E-16 
1.1E-17 
1.1E-17 
1.6E-16 
O.OE+OO 
7.9E-17 
3.2E-17 
3.OE-16 
3.4E-19 
5.4E-17 
1.6E-19 
2-23-19 
3.OE-16 
3.OE-16 
7.9E-17 
3.2E-17 
3.3E-16 
3.5E-17 
7.9E-18 
6.4E-17 

O.OE+OO 

1.2E-17 
8.5E-17 
1.8E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.8E-16 

9.OE-17 
3.7E-17 
3.4E-16 
3.9E-19 
6.1E-17 
1.8E-19 
2.5E-19 
3.4E-16 
3.4E-16 
9.OE-17 
3.6E-17 
3.7E-16 
3.9E-17 
8.9E-18 
7.2E-17 
5.8E-15 
1.1E-17 
8.2E-17 
1.7E-16 
1.712-16 
1.1E-17 
1.1E-17 
1.7E-16 

O.OE+OO 

O.OE+OO 
8.2E-17 
3.3E-17 
3.1E-16 
3.3E-19 
5.6E-17 
1.7E-19 
1.6E-19 
3.1E-16 
3.1E-16 
8.2E-17 
3.3E-17 
3.4E-16 
3.6E-17 
8.2E-18 
6.6E-17 

2.2E-17 
1.6E-16 
3.5E-16 
3.4E-16 
2.3E-17 
2.3E-17 
3.5E-16 
0 .OE+OO 
1.7E-16 
7.1E-17 
6.5E-16 
7.9E-19 
1.2E-16 
3.5E-19 
5.8E-19 
6.5E-16 
6. SE-16 
1.7E-16 
6.9E-17 
7.3E-16 
7.6E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.2E-17 
1.6E-16 
3.3E-16 
3.3E-16 
2.2E-17 

' 2.23-17 
3.3E-16 
O.OE+OO 
1.6E-16 
6.6E-17 
6.1E-16 
6.7E-19 
1.1E-16 
3.33-19 
3.8E-19 
6.1E-16 
6.1E-16 
1.6E-16 
6.4E-17 
6.8E-16 
7.1E-17 
1.6E-17 
1.3E-16 

. .  
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cmZ/s) 
Wind Distance Concentration Rate Rate Rate 

W 
‘ W  

W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 

- -  W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
w 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 

. ,  

2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500, 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-2 3 6 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 

2.9E-11 
5.5E-14 
4.OE-13 
8.5E-13 
8.3E-13 
S.6E-14 
5.6E-14 
8. SE-13 
2.5E-04 
4.3E-13 
1.7E-13 
1.6E-12 
1.8E-15 
2.9E-13 
8.6E-16 
9.8E-16 
1.612-12 
1.6E-12 
4.3E-13 
1.7E-13 
1.8E-12 
1.9E-13 
4.3E-14 
3. SE-13 
2.8E-11 
5.3E-14 
3.9E-13 
8.3E-13 
8.OE-13 
5.4E-14 
5.4E-14 
a. 3 ~ 4 3  
2.OE-04 
3.4E-13 
1.4E-13 
1.3E-12 
9.9E-16 
2.3E-13 
6.7E-16 
1.9E-16 
1.3E-12 
1.3E-12 
3.4E-13 
1.4E-13 
1.4E-12 
1.5E-13 
3.4E-14 

5.2E-15 
9.9E-18 
7.2E-17 
1.5E-16 
1.5E-16 
1.OE-17 
1.OE-17 
1. SE-16 
0 .OE+OO 
7.7E-17 
3.1E-17 
2.9E-16 
3.2E-19 
5.2E-17 
1.6E-19 
1.8E-19 
2.9E-16 
2.9E-16 
7.7E-17 
3.1E-17 
3.2E-16 
3.4E-17 
7.7E-18 
6.2E-17 
5.OE-15 
9.6E-18 
7.OE-17 
1.5E-16 

9.8E-18 
9.8E-18 
1.5E-16 
0 .OE+OO 
6.2E-17 
2.4E-17 
2.3E-16 
1.8E-19 
4.2E-17 
1.2E-19 
3.4E-20 
2.3E-16 
2.3E-16 
6.2E-17 
2.5E-17 
2.6E-16 
2.7E-17 
6.1E-18 

i. 4 ~ 4 6  

5.4E-15 
1.OE-17 
7.5E-17 
1.6E-16 
1.5E-16 
1.OE-17 
1.OE-17 
1.6E-16 

7.9E-17 
3.2E-17 
3.OE-16 
3.OE-19 
5.4E-17 
1.6E-19 
1.3E-19 
3.OE-16 
3.OE-16 
7.9E-17 
3.1E-17 
3.3E-16 
3.5E-17 
7.9E-18 
6.4E-17 
5.2E-15 
9.8E-18 
7.2E-17 
1.5E-16 
1.5E-16 
1.OE-17 
1.OE-17 
1.5E-16 

6.OE-17 
2.4E-17 
2.3E-16 
1.7E-19 
4.1E-17 
1.2E-19 
2.7E-20 
2.3E-16 
2.3E-16 
6.OE-17 
2.4E-17 
2.5E-16 
2.6E-17 
6.OE-18 

O.OE+OO 

O.OE+OO 

1.1E-14 
2.OE-17 
1.5E-16 
3.1E-16 
3.OE-16 
2.OE-17 
2.OE-17 
3.1E-16 

1.6E-16 
6.3E-17 
5.9E-16 
6.2E-19 
1.1E-16 
3.1E-19 
3.1E-19 
5.9E-16 
5.9E-16 
1.6E-16 
6.2E-17 
6. SE-16 
6.9E-17 
1.6E-17 
1.3E-16 
1.OE-14 
1.9E-17 
1.4~3-16 
3.OE-16 
2.9E-16 
2.OE-17 
2.OE-17 
3.OE-16 

1.2E-16 
4.8E-I7 
4.6E-16 
3.4E-19 
8.3E-17 
2.4E-19 
6.1E-20 
4.6E-16 
4.6E-16 
1.2E-16 
4.8E-17 
5.1E-16 
5.3E-17 
1.2E-17 

O.OE+OO 

0. OE+OO 

000279 
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Dry Wet Ground 
Air Deposition Deposition Depositi'on 

Wind Distance Concentration Rate Rate Rate 
Toward (meters ) Nuc 1 ide ( pCi /L ) ( pC i / cm2 / s 1 ( pC i / cm2 / s ) ( pCi / cm2 / s ) 

W 
W 
W 
W 
W 
W 
W 
W 
W 

wsw 
WEN 
wsw 
wsw 
wsw 
wsw 

- wsw 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
300 
300 
300 
300 
300 
300 

wsw 300 
wsw 300 
wsw 300 
wsw 300 
wsw 300 
wsw 300 
wsw 300 
wsw 300 
wsw 3 00 
wsw 300 
wsw 300 
WSW 300 
wsw 300 
wsw 3 00 
wsw 3 00 
wsw 300 
WSW 300 
wsw 500 
wsw 500 
wsw 500 
wsw 500 
wsw 500 
WSW 500 
wsw 500 
wsw 500 
wsw 500 
wsw 500 
wsw 500 
wsw 500 
wsw 500 
wsw 500 

c, * * * J *  

a- 

P I 

TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-23 8 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 

2.8E-13 
2.2E-11 
4.2E-14 
3.1E-13 
6.6E-13 
6.4E-13 
4.3E-14 
4.3E-14 
6.6E-13 
6.3E-04 
1.1E-12 
5.OE-13 
4.3E-12 
1.5E-14 
7.7E-13 
2.4E-15 
6.8E-13 
4.3E-12 
4.3E-12 
1.1E-12 
4.5E-13 
4.8E-12 
5.OE-13 
1.1E-13 
9.2E-13 
7.4E-11 
1.4E-13 
1.OE-12 
2.2E-12 
2.1E-12 
1.4E-13 
1.4E-13 
2.2E-12 
7.1E-04 
1.3E-12 
5.6E-13 
4.8E-12 
1.6E-14 
8.78-13 
2.8E-15 
4.3E-13 
4.8E-12 
4.8E-12 
1.3E-12 
5.1E-13 
5.4E-12 
5.6E-13 

5.OE-17 
4.OE-15 
7.6E-18 
5.6E-17 
1.2E-16 
1.2E-16 
7.8E-18 
7.8E-18 
1.2E-16 
O.OE+OO 
2.1E-16 
9.OE-17 
7.7E-16 
2.7E-18 
1.4E-16 
4.4E-19 
1.2E-16 
7.7E-16 
7.7E-16 
2.1E-16 
8.1E-17 
8.6E-16 
9.OE-17 
2.OE-17 
1.7E-16 
1.3E-14 
2.6E-17 
1.9E-16 
3.9E-16 
3.8E-16 
2.6E-17 
2.6E-17 
3.9E-16 

2.3E-16 
1.OE-16 
8.7E-16 
2.9E-18 
1.6E-16 
5.OE-19 
7.8E-17 
8.7E-16 
8.7E-16 
2.3E-16 
9.2E-17 
9.7E-16 
1.OE-16 

O.OE+OO 

4.8E-17 
3.9E-15 
7.4E-18 
5.5E-17 
1.2E-16 
1.1E-16 
7.6E-18 
7.6E-18 
1.2E-16 

9.1E-16 
4.OE-16 
3.4E-15 
1.1E-17 
6.1E-16 
1.9E-18 
3.7E-16 
3.4E-15 
3.4E-15 
9.1E-16 
3.6E-16 
3.8E-15 
4.OE-16 
9.OE-17 
7.3E-16 
5.9E-14 
1.1E-16 
8.2E-16 
1.7E-15 
1.7E-15 
1.1E-16 
1.113-16 
1.7E-15 

5.4E-16 
2.4E-16 
2.OE-15 
6.3E-18 
3.7E-16 
1.2E-18 
1.2E-16 
2.OE-15 
2.OE-15 
5.4E-16 
2.2E-16 
2.3E-15 
2.4E-16 

0 .OE+OO 

O.OE+OO 

9.8E-17 
7.9E-15 
1.5E-17 
1.1E-16 
2.33-16. 
2.3E-16 
1.5E-17 
1.5E-17 
2.3E-16 
0. OE+OO 
1.1E-15 
4.8E-16 
4.2E-15 
1.4E-17 
7.5E-16 
2.4E-18 
4.9E-16 
4.2E-15 
4.2E-15 
1.1E-15 
4.4E-16 
4.6E-15 
4.9E-16 
1.1E-16 
9.OE-16 
7.2E-14 
1.4E-16 
1.OE-15 
2.1E-15 
2.1E-15 
1.4E-16 
1.4E-16 
2.1E-15 

7.7E-16 
3.413-16 
2.9E-15 
9.1E-18 
5.2E-16 
1.7E-18 
2.OE-16 
2.9E-15 
2.9E-15 
7.7E-16 
3.1E-16 
3.2E-15 
3.4E-16 

0 .OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

D W  Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cxn2/s) (pCi/cm2/s) 

wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
VfSW 
WSW 
WSW 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 

, wsw 

I wsw 

- -  

- I  

500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
7 00 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

. .  

TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-2 3 6 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-2 3 0 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-2 3 1 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 

1.3E-13 
1.OE-12 
8.4E-11 
1.6E-13 
1.2E-12 
2.5E-12 
2,4E-12 
1.6E-13 
1.6E-13 
2.5E-12 
8.3E-04 
1.5E-12 
6.5E-13 
5.7E-12 
1.7E-14 
1.OE-12 
3.2E-15 
2.9E-13 
5.7E-12 
5.7E-12 
1.5E-12 
6.OE-13, 
6.3E-12. 
6.6E-13 
1.5E-13 
1.2E-12 
9.8E-11 
1.9E-13 
1.4E-12 
2.9E-12 
2.8E-12 
1.9E-13 
1.9E-13 
2.9E-12 
8.5E-04 
1. SE-12 
6.6E-13 
5.8E-12 
1.6E-14 
1.OE-12 
3.2E-15 
1.4E-13 
5.8E-12 
5.8E-12 
1.5E-12 
6.1E-13 
6.4E-12 

2.3E-17 
1.9E-16 
1. 5E-14 
2.9E-17 
2.1E-16 
4.4E-16 
4.3E-16 
2.9E-17 
2.9E-17 
4.4E-16 
0 .OE+OO 
2.7E-16 
1.2E-16 
1.OE-15 
3.1E-18 
1.8E-16 
5.8E-19' 
5.3E-17 
1.OE-15 
1.OE-15 
2.7E-16 
1.1E-16 
1.1E-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.8E-14 
3.4E-17 
2.5E-16 
5.2E-16 
5.1E-16 
3.4E-17 
3.4E-17 
5.2E-16 
O.OE+OO 
2.8E-16 
1.2E-16 
1.OE-15 
2.9E-18 
1.9E-16 
5.8E-19 
2.5E-17 
1.OE-15 

2.8E-16 
1.1E-16 
1.1E-15 

1. QE-15 

5.4E-17 
4.4E-16 
3. 5E-14 
6.8E-17 
4.9E-16 
1.OE-15 
1.OE-15 
6.8E-17 
6.8E-17 
1.OE-15 

3.9E-16 
1.7E-16 
1.5E-15 
4.2E-18 
2.6E-16 
8.2E-19 
5.2E-17 
1.5E-15 
1.5E-15 
3.9E-16 
1.5E-16 
1.6E-15 
1.7E-16 
3.8E-17 
3.1E-16 
2. SE-14 
4.9E-17 
3.5E-16 
7.4E-16 
7.2E-16 
4.9E-17 
4.9E-17 
7.4E-16 
O.OE+OO 
2.7E-16 
1.2E-16 
1.OE-15 
2.6E-18 
1.8E-16 
5.7E-19 
1.9E-17 
1.OE-15 
1.OE-15 
2.7E-16 
1.1E-16 
1.1E-15 

0 .OE+OO 

. 

7.7E-17 
6.2E-16 
5.OE-14 
9.7E-17 
7.OE-16 
1.5E-15 
1.4E-15 
9.8E-17 
9.8E-17 
1.5E-15 
0 .OE+OO 
6.6E-16 
2.8E-16 
2.5E-15 
7.3E-18 
4. SE-16 
1.4E-18 
1.OE-16 
2.5E-15 
2.5E-15 
6.6E-16 
2.6E-16 
2.7E-15 
2.9E-16 
6.5E-17 
5.3E-16 
4.3E-14 
8.3E-17 
6.OE-16 
1.3E-15 
1 -2E-15 
8.3E-17 
8.3E-17 
1.3E-15 

5.4E-16 
2.3E-16 
2.OE-15 
5.5E-18 
3.7E-16 
1.2E-18 
4.4E-17 
2.OE-15 
2.OE-15 
5.4E-16 
2.2E-16 
2.3E-15 

0 .OE+OO 



*a'' ~ * , ' *  .i , ' (  hh 

Mar 11, 2002 02:42 pm CONCEN 
Page 36 

e 

e 

ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

. Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/c&/s) 

wsw 
wsw 
wsw 
wsw 
WSW 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 

c z  . a 
* 4 *i. &* 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

RA-228 
TH-227 
TH-228 
TH-23 0 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
m-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-2 10 
PO-210 
RA-223 
RA-224 

6.7E-13 
I. 5E-13 
1.2E-12 
9.9E-11 
1.9E-13 
1.4E-12 
2.9E-12 
2.9E-12 
1.9E-13 
1.9E-13 
2.9E-12 
7.3E-04 
1.3E-12 
5.6E-13 
4.9E-12 
1.3E-14 
8.9E-13 
2.8E-15 
6.2E-14 
4.9E-12 
4.9E-12 
1.3E-12 
5.2E-13 
5.5E-12 
5.7E-13 
1.3E-13 
1.1E-12 
8. SE-11 
1.6E-13 
1.2E-12 
2. SE-12 
2.5E-12 
1.7E-13 
1.7E-13 
2.5E-12 
6.6E-04 
1.2E-12 
5.OE-13 
4.4E-12 
1.1E-14 
8.OE-13 
2.5E-15 
3. BE-14 
4.4E-12 
4.4E-12 
1.2E-12 
4.7E-13 

1.2E-16 
2.7E-17 
2.2E-16 
1.8E-14 
3.5E-17 
2.5E-16 
5.3E-16 
5.2E-16 
3.5E-17 
3.5E-17 
5.3E-16 
0 .OE+OO 
2.4E-16 
1,OE-16 
8.9E-16 
2.3E-18 
1.6E-16 
5.OE-19 
1.1E-17 
8.9E-16 
8.9E-16 
2.4E-16 
9.4E-17 
9.9E-16 
1.OE-16 
2.3E-17 
1.9E-16 
1.5E-14 
3.OE-17' 
2.1E-16 
4. SE-16 
4.4E-16 
3.OE-17 
3.OE-17 
4.5E-16 
O.OE+OO 
2.1E-16 
9.1E-17 
8.OE-16 
1.93-18 
1.4E-16 
4.5E-19 
6.8E-18 
8.OE-16 
8.OE-16 
2.1E-16 
8.4E-17 

1.2E-16 
2.7E-17 
2.2E-16 
1.8E-14 
3.4E-17 
2.5E-16 
5.2E-16 
5.OE-16 
3.4E-17 
3.4E-17 
5.2E-16 
O.OE+OO 
2.1E-16 
8.8E-17 
7.8E-16 
1.8E-18 
1.4E-16 
4.3E-19 
7.9E-18 
7.8E-16 
7.8E-16 
2.1E-16 
8.2E-17 
8.6E-16 
9.OE-17 
2.OE-17 
1.7E-16 
1.3E-14 
2.6E-17 
1.91~-16 
4.OE-16 
3.9E-16 
2.6E-17 
2.6E-17 
4.OE-16 

1.8E-16 
7.6E-17 
6.7E-16 
1.5E-18 
1.2E-16 
3.7E-19 
4.7E-18 
6.7E-16 
6.7E-16 
1.8E-16 
7.1E-17 

0. OE+OO 

2.4E-16 
5.4E-17 
4.4E-16 
3.5E-14 
6.8E-17 
5.OE-16 
1.OE-15 
1.OE-15 
6.9E-17 
6.9E-17 
1.OE-15 
0 .OE+OO 
4.4E-16 
1.9E-16 
1.7E-15 
4.1E-18 
3.OE-16 
9.3E-19 
1.9E-17 
1.7E-15 
1.7E-15 
4.4E-16 
1.8E-16 
1.8E-15 
1.9E-16 
4.4E-17 
3.6E-16 
2.9E-14 
5.6E-17 
4.OE-16 
8.5E-16 
8.3E-16 
5.6E-17 
5.6E-17 
8.5E-16 
O.OE+OO 
3.9E-16 
1.7E-16 
1.5E-15 
3.4E-18 
2.6E-16 
8.2E-19 
1.1E-17 
1.5E-15 
1.513-15 
3.9E-16 
1.5E-16 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Wet Ground Dry 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/crn2/s) (pCi/cm2/s)(pCi/cm2/s) 

wsw 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 

- -  wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
WSW 
WSW 
wsw 
WSW 
wsw 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 

wsw 

I "  

1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700. 
1700 
1700 
1700 
1700 
1700 
17 00 
1700 
17 0.0 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 

RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 

4.9E-12 
5.2E-13 
1.2E-13 
9. 5E-13 
7.7E-11 
1.5E-13 
1.1E-12 
2.3E-12 
2.2E-12 
1.5E-13 
1.5E-13 
2.3E-12 
5.9E-04 
1.1E-12 
4. SE-13 
4.OE-12 
9.OE-15 
7.2E-13 
2.2E-15 
2.3E-14 
4.OE-12 
4.OE-12 
1.1E-12 
4.2E-13 
4.4E-12 
4.6E-13 
1.1E-13 
8.5E-13 
6.9E-11 
1.3E-13 
9.6E-13 
2.OE-12 
'2.OE-12 
1.3E-13 
1.3E-13 
2.OE-12 
S.2E-04 
9.1E-13 
3.9E-13 
3.4E-12 
7.OE-15 
6.2E-13 
1.9E-15 
1.1E-14 
3.4E-12 
3.4E-12 
9.1E-13 

8.8E-16 
9.3E-17 
2.1E-17 
1.7E-16 
1.4E-14 
2.7E-17 
1.9E-16 
4.1E-16 
4.OE-16 
2.7E-17 
2.7E-17 
4.1E-16 
O.OE+OO 
1.9E-16 
8.1E-17 
7.2E-16 
1.6E-18 
1.3E-16 
4.OE-19 
4.2E-18 
7.2E-16 
7.2E-16 
1.9E-16 
7.6E-17 
8.OE-16 
8.4E-17 
1.9E-17 
1.5E-16 
1.2E-14 
2.4E-17 
1.7E-16 
3.7E-16 
3.6E-16 
2.4E-17 
2.4E-17 
3.7E-16 

1.6E-16 
7,OE-17 
6.2E-16 
1.3E-18 
1.1E-16 
3.4E-19 
2. IE-18 
6.2E-16 
6.2E-16 
1.6E-16 

0 .OE+OO 

7.4E-16 
7.8E-17 
1.8E-17 
1.4E-16 
1.2E-14 
2.2E-17 
1.6E-16 
3.4E-16 
3.3E-16 
2.3E-17 
2.3E-17 
3.4E-16 

1.6E-16 
6.6E-17 
5.9E-16 
1.2E-18 
1.1E-16 
3.332-19 
2.8E-18 
5.913-16 
5.9E-16 
1.6E-16 
6.2E-17 
6. SE-16 
6.9E-17 
1.6E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1.4E-16 
3.OE-16 
2.9E-16 
2.OE-17 
2.OE-17 
3.OE-16 
O.OE+OO 
1.3E-16 
5.6E-17 
5.OE-16 
9.3E-19 
9.OE-17 
2.7E-19 
1.4E-18 
5.OE-16 
5.OE-16 
1.3E-16 

O.OE+OO 

1.6E-15 
1.7E-16 
3.9E-17 
3.1E-16 
2.5E-14 
4.9E-17 
3. 5E-16 
7. SE-16 
7.3E-16 
4.9E-17 
4.9E-17 
7.5E-16 

3.5E-16 
1.5E-16 
1.3E-15 
2.8E-18 
2.4E-16 
7.3E-19 
7.OE-18 
1.3E-15 
1.3E-15 
3.5E-16 
1.4E-16 
1.5E-15 
1.5E-16 
3.5E-17 
2.8E-16 
2.3E-14 
4.4E-17 
3.2E-16 
6.7E-16 
6.5E-16 
4.4E-17 
4.4E-17 
6.7E-16 
O.OE+OO 

. 3.OE-16 
1.3E-16 
1.1E-15 
2.2E-18 
2.OE-16 
6.2E-19 
3-5E-18 
1.1E-15 
1.1E-15 
3.OE-16 

0 .OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
' AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

~~ ~ 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s)(pCi/cm2/s) 

WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
W S W  
WSW 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 

, "  D 

2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 

RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 

3.6E-13 
3 .8E-12 
4.OE-13 
9.1E-14 
7.4E-13 
5.9E-11 
1.1E-13 
8.3E-13 
1.8E-12 
1.7E-12 
1.2E-13 
1.2E-13 
1.8E-12 
4. 5E-04 
8.OE-13 
3.4E-13 
3.OE-12 
5.6E-15 
5.4E-13 
1.7E-15 
S.8E-15 
3.OE-12 
3.OE-12 
8.OE-13 
3.2E-13 
3.3E-12 
3.5E-13 
7.9E-14 
6.4E-13 
5.2E-11 
1.OE-13 
7.3E-13 
1. 5E-12 
1. 5E-12 
1.OE-13 
1.OE-13 
1.5E-12 
4.3E-04 
7.7E-13 
3.2E-13 
2.9E-12 
5.2E-15 
5.2E-13 
1.6E-15 
4.7E-15 
2.9E-12 
2.9E-12 

6. SE-17 
6.9E-16 
7.2E-17 
1.6E-17 
1.3E-16 
1.1E-14 
2.1E-17 
1. 5E-16 
3.2E-16 
3.1E-16 
2.1E-17 
2.113-17 
3.2E-16 
0 .OE+OO 
1.4E-16 
6.. OE-17 
5.4E-16 
1.OE-18 
9.8E-17 
3.OE-19 
1.1E-18 
5.4E-16 
S.4E-16 
1.4E-16 
5.7E-17 
6.OE-16 
6.3E-17 
1.4E-17 
1.2E-16 
9.4E-15 
1.8E-17 
1.3E-16 
2.8E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.8E-16 
O.OE+OO 
1.4E-16 
5.8E-17 
5.2E-16 
9.3E-19 
9.3E-17 
2.8E-19 
8.5E-19 
5.23-16 
5.2E-16 

5.3E-17 
5 .  SE-16 
5.8E-17 
1.3E-17 
1.1E-16 
8.6E-15 
1.7E-17 
1.2E-16 
2. 5E-16 
2. 5E-16 
1.7E-17 
1.7E-17 
2. 5E-16 

1.1E-16 
4.8E-17 
4.3E-16 
7.4E-19 
7.8E-17 
2.4E-19 
7.3E-19 
4.3E-16 
4.3E-16 
1.1E-16 
4.6E-17 
4.8E-16 
5.OE-17 
1.1E-17 
9.3E-17 
7.5E-15 
1.4E-17 
1.OE-16 
2.2E-16 
2.2E-16 
1.5E-17 
1.5E-17 
2.2E-16 
0 .OE+OO 
1.1E-16 
4.6E-17 
4.1E-16 
6.9E-19 
7.4E-17 
2.3E-19 
5.9E-19 
4.1E-16 
4.1E-16 

0 .OE+OO 

1.2E-16 
1.2E-15 
1.3E-16 
3.OE-17 
2.4E-16 
1.9E-14 
3.7E-17 
2.7E-16 
5.7E-16 
5.6E-16 
3.8E-17 
3.8E-17 
5.7E-16 
0. OE+OO 
2.6E-16 
1.1E-16 
9.7E-16 
1.7E-18 
1.8E-16 
5.3E-19 
1.8E-18 
9.7E-16 
9.7E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.6E-17 
2.1E-16 
1.7E-14 
3.2E-17 
2.4E-16 
5.03-16 
4.8E-16 
3.3E-17 
3.3E-17 
5.OE-16 

2. 5E-16 
1.OE-16 
9.3E-16 
1.6E-18 
1.7E-16 
5.1E-19 
1.4E-18 
9.3E-16 
9.3E-16 

O.OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air 'Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters ) Nuclide ( pCi / L ) ( pCi /cm2 / s ) ( pCi / cm2 / s ) ( pCi /cm2 / s ) 

WSW 
WSW 
wsw 
wsw 
wsw 
WSW 
wsw 
WSW 
WSW 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
WSW 
wsw 
WSW 
WSW 
WSW 
wsw 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
wsw 
WSW 
wsw 
wsw 

- -  

1 -. , 

2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 

RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 

7.7E-13 
3.OE-13 
3.2E-12 
3.4E-13 
7.6E-14 
6.2E-13 
5.OE-11 
9.6E-14 
7.OE-13 
1.5E-12 
1.4E-12 
9.7E-14 
9.7E-14 
1.5E-12 
4.OE-04 
7.1E-13 
2.9E-13 
2.7E-12 
4. 5E-15 
4.8E-13 
1. 5E-15 
3.1E-15 
2.7E-12 
2.7E-12 
7.1E-13 
2.8E-13 
3.OE-12 
3.1E-13 
7.OE-14 
5.7E-13 
4.6E-11 
8.8E-14 
6.4E-13 
1.4E-12 
1.3E-12 
8.9E-14 
8.9E-14 
1.4E-12 
3.9E-04 
6.8E-13 
2.8E-13 
2.6E-12 
4.2E-15 
4.6E-13 
1.4E-15 
2.5E-15 
2.6E-12 

1.4E-16 
5. SE-17 
5.8E-16 
6.OE-17 
1.4E-17 
1.1E-16 
9.OE-15 
1.7E-17 
1.3E-16 
2.6E-16 
2.6E-16 
1.7E-17 
1.7E-17 
2.6E-16 

1.3E-16 
5.3E-17 
4.8E-16 
8.1E-19 
8.6E-17 
2 6E-19 
5.5E-19 
4.8E-16 
4.8E-16 
1.3E-16 
5.1E-17 
5.3E-16 
5.6E-17 
1.3E-17 
1.OE-16 
8.3E-15 
1.6E-17 
1.2E-16 
2.4E-16 
2.4E-16 
1.6E-17 
1.6E-17 
2.4E-16 

1.2E-16 
5.1E-17 
4.6E-16 
7.5E-19 
8.3E-17 
2.5E-19 
4.4E-19 
4.6E-16 

O.OE+OO 

O.OE+OO 

1.1E-16 
4.4E-17 
4.6E-16 
4.8E-17 
1.1E-17 
8.9E-17 
7.1E-15 
1.4E-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.1E-16 

1.OE-16 
4.2E-17 
3.8E-16 
6.OE-19 
6.9E-17 
2.1E-19 
3.9E-19 
3.8E-16 
3.8E-16 
1.OE-16 
4.OE-17 
4.2E-16 
4.4E-17 

8.2E-17 
6.6E-15 
1.3E-17 
9.2E-17 
1.9E-16 
1.9E-16 
1.3E-17 
1.3E-17 
1.9E-16 
O.OE+OO 
9.7E-17 
4.OE-17 
3.7E-16 
5.6E-19 
6.6E-17 
2.OE-19 
3.2E-19 
3.7E-16 

0 .OE+OO 

- 1.OE-17 

2.5E-16 
9.8E-17 
1.OE-15 
1.1E-16 
2. 5E-17 
2.OE-16 
1.6E-14 
3.1E-17 
2.3E-16 
4.8E-16 
4.6E-16 
3.. 1.E-17 
3.1E-17 
4.8E-16 

2.3E-16 
9.58-17 
8.6E-16 
1.4E-18 
1.5E-16 
4.7E-19 
9.4E-19 
8.6E-16 
8.6E-16 
2.3E-16 
9.1E-17 
9. SE-16 
1.OE-16 
2.3E-17 
1.8E-16 
1.5E-14 
2.8E-17 
2.1E-16 
4.4E-16 
4.3E-16 
2.9E-17 
2.9E-17 
4.4E-16 
O.OE+OO 
2.2E-16 
9.1E-17 
8.3E-16 
1.3E-18 
1.5E-16 
4.5E-19 
7.6E-19 
8.3E-16 

0. OE+OO 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/c&/s) 

wsw 
WSW 
wsw 
WSW 
wsw 
wsw 
wsw 
WSW 
WSW 
wsw 
WSW 
WSW 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
wsw 
WSW 
wsw 
wsw 
wsw 
WSW 
wsw 
wsw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
300 
300 
300 
300 
300 
300 
300 

c. 

PO-210 
FiA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234-.-- 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 

. BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 

2.6E-12 4.6E-16 
6.8E-13 1.2E-16 
2.7E-13 4.9E-17 
2.83-12 5.1E-16 
3.OE-13 5.43-17 
6.8E-14 1.2E-17 
5.53-13 9.9E-17 
4.4E-11 8.OE-15 
8.5E-14 1.5E-17 
6.2E-13 1.1E-16 
1.3E-12 2.4E-16 
1.3E-12 2.33-16 
8.63-14 1.5E-17 
8.63-14 1.5E-17 
1.3E-12 2.4E-16 
3.OE-04 O.OE+OO 
5.1E-13 9.2E-17 
2.1E-13 3.83-17 
1.9E-12 3.53-16 
2-53-15 4.43-19 
3.53-13 6.3E-17 
1.OE-15 1.9E-19 
4.7E-16 8.5E-20 
1.9E-12 3.53-16 
1.9E-12 3.5E-16 
5.1E-13 9.2E-17 
2.OE-13 3.7E-17 
2.1E-12 3.93-16 
2.2E-13 4.OE-17 
5.1E-14 9.2E-18 
4.1E-13 7.4E-17 
3.3E-11 6.OE-15 
6.4E-14 1.1E-17 
4.7E-13 8.4E-17 
9.8E-13 1.8E-16 
9.6E-13 1.7E-16 
6.5E-14 1.2E-17 
6.5E-14 1,2E-17 
9.83-13 1.8E-16 
4.3E-04 0 . OE+OO 
7.9E-13 1.4E-16 
3.4E-13 6.2E-17 
3.OE-12 S.3E-16 
1.OE-14 1.8E-18 
5.3E-13 9.6E-17 
1.7E-15 3.OE-19 
4.8E-13 8.6E-17 

3.7E-16 
9.7E-17 
3.9E-17 
4.1E-16 
4.3E-17 
9.7E-18 
7.8E-17 
6.3E-15 
1.2E-17 
8.8E-17 
1.9E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.9E-16 
0 .OE+OO 
7.4E-17 
3.OE-17 
2.8E-16 
3.4E-19 
5.OE-17 
1.5E-19 
6.4E-20 
2.8E-16 
2.8E-16 
7.4E-17 
2.9E-17 
3.1E-16 
3.2E-17 
7.4E-18 
6.OE-17 
4.8E-15 
9.2E-18 ' 
6.7E-17 
1.4E-16 
1.4E-16 
9.3E-18 
9.3E-18 
1.4E-16 
0 ,OE+OO 
5.1E-16 
2.2E-16 
1.9E-15 
6.4E-18 
3.5E-16 
1.1E-18 
2.2E-16 

- 8-33-16 
2.2E-16 
8.7E-17 
9.2E-16 
9.6E-17 
2.2E-17 
1.8E-16 
1. BE-14 
2.7E-17 
2.OE-16 
4.2E-16 
4.1E-16 
2.8E-17 
2.8E-17 
4.2E-16 
O.OE+OO 
1.7E-16 . 
6.8E-17 
6.3E-16 
7.9E-19 * 

1.1E-16 
3.3E-19 
1.5E-19 
6.3E-16 
6.3E-16 
1.7E-16 
6.6E-17 
6.9E-16 
7.3E-17 
1.7E-17 
1.3E-16 
1.1E-14 
2.1E-17 
1.53-16 
3.2E-16 
3.1E-16 
2.1E-17 
2.1E-17 
3.2E-16 
O.OE+OO 
6. SE-16 
2.9E-16 
2.5E-15 
8.3E-18 
4.4E-16 
1.4E-18 
3.1E-16 
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e ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cmZ/s) 
Wind Distance Concentration Rate Rate Rate 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
m 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

- -  

, = A *  

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
SO0 
500 
500 
500 
500 
500 
500 
500 
500 
500 
700 
700 
700 
7 00 
700 
700 
700 

PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
FS-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-2 2 6 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 

3.OE-12 
3.OE-12 
7.9E-13 
3.1E-13 
3.3E-12 
3.4E-13 
7.8E-14 
6.3E-13 
5.1E-11 
9.9E-14 
7.1E-13 
1. 5E-12 
1. 5E-12 
9.9E-14 
9.9E-14 
1. SE-12 
5.OE-04 
9.1E-13 
4.OE-13 
3.4E-12 
1.1E-14 
6.212-13 
2.OE-15 
3.1E-13 
3.4E-12 
3.4E-12 
9.1E-13 
3.6E-13 
3.8E-12 
4.OE-13 
9.1E-14 
7.4E-13 
5.9E-11 
1.2E-13 
8.3E-13 
1.8E-12 
1.7E-12 
1.2E-13 
1.2E-13 
1.8E-12 
5.6E-04 
1.OE-12 
4.4E-13 
3.8E-12 
1.2E-14 
6.9E-13 
2.2E-15 

5.3E-16 
5.3E-16 
1.4E-16 
5.6E-17 
5.9E-16 
6.2E-17 
1.4E-17 
1.1E-16 
9.2E-15 
1.8E-17 
1.3E-16 
2.7E-16 
2.6E-16 
1.8E-17 
1.8E-17 
2 :7E-16 

1.6E-16 
7.2E-17 
6.2E-16 
2.OE-18 
1.1E-16 
3.5E-19 
5.5E-17 
6.2E-16 
6.2E-16 
1.6E-16 
6.5E-17 
6.9E-16 
7.2E-17 
1.6E-17 
1.3E-16 
1.1E-14 
2.1E-17 
1. SE-16 
3.2E-16 
3.1E-16 
2.113-17 
2.1E-17 
3.2E-16 

O.OE+OO 

0 .OE+OO 
1.8E-16 
8.OE-17 
6.9E-16 
2.1E-18 
1.2E-16 
3.9E-19 

1.9E-15 
1.9E-15 
5.1E-16 
2.OE-16 
2.1E-15 
2.2E-16 
5.1E-17 
4.1E-16 

. 3.33-14 
6.5E-17 
4.7E-16 
9.8E-16 
9.6E-16 
6.5E-17 
6.5E-17 
9.8E-16 

3.1E-16 
1.3E-16 
1.2E-15 
3.6E-18 
2.1E-16 
6.6E-19 
7.OE-17 
1.2E-15 
1.2E-15 
3.1E-16 
1.2E-16 
1.3E-15 
1.3E-16 
3.1E-17 
2.5E-16 
2.OE-14 
3.9E-17 
2.8E-16 
5.9E-16 
5.8E-16 
3.9E-17 
3.9E-17 
5.9E-16 

2.2E-16 
9. SE-17 
8.2E-16 
2.4E-18 
1.5E-16 
4.7E-19 

O.OE+OO 

O.OE+OO 

2.5E-15 
2.5E-15 
6.5E-16 
2.6E-16 
2.7E-15 
2.9E-16 
6.5E-17 
5.3E-16 
4.3E-14 
8.3E-17 
6.OE-16 
1.3E-15 
1.2E-15 
8.3E-17 
8.3E-17 
1.3E-15 
0. OE+OO 
4.7E-16 
2.1E-16 
1.8E-15 
5.6E-18 
3.2E-16 
1.OE-18 
1.3E-16 
1.8E-15 
1.8E-15 
4.7E-16 
1.9E-16 
2.OE-15 
2.1E-16 
4.7E-17 
3.8E-16 
3.1E-14 
5.9E-17 
4.3E-16 
9.1E-16 
8.8E-16 
6.OE-17 
6.OE-17 
9.1E-16 
0 .OE+OO 
4.OE-16 
1.7E-16 
1. 5E-15 
4.5E-18 
2.7E-16 
8.6E-19 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/CIn2/S) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 

* 700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 I 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 . 

PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 

1.9E-13 
3.8E-12 
3.8E-12 
1.OE-12 
4.OE-13 
4.3E-12 
4.5E-13 
1.OE-13 
8.2E-13 
6.6E-11 
1.3E-13 
9.3E-13 
2.OE-12 
1.9E-12 
1.3E-13 
1.3E-13 
2.OE-12 
5.3E-04 
9.5E-13 
4.1E-13 
3.6E-12 
1.OE-14 
6.4E-13 
2.OE-15 
8.4E-14 
3.6E-12 
3.6E-12 
9. SE-13 
3.8E-13 
4.OE-12 
4.2E-13 
9.4E-14 
7.7E-13 
6.2E-11 
1.2E-13 
8.6E-13 
1.8E-12 
1.8E-12 
1.2E-13 
1.2E-13 
1.8E-12 
4.4E-04 
7.8E-13 
3.4E-13 
2.9E-12 
7.7E-15 
5.3E-13 

3.5E-17 
6.9E-16 
6.9E-16 
1.8E-16 
7.3E-17 
7.7E-16 
8.OE-17 
1.8E-17 
1.5E-16 
1.2E-14 
2.3E-17 
1.7E-16 
3.5E-16 
3.4E-16 
2.3E-17 
2.3E-17 
3.5E-16 
0 .OE+OO 
1.7E-16 
7.4E-17 
6.4E-16 
1.8E-18 
1.2E-16 
3.6E-19 
1.5E-17 
6.4E-16 
6.4E-16 
1.7E-16 
6.8E-17 
7.1E-16 
7.5E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.2E-17 
1.6E-16 
3.3E-16 
3.2E-16 
2.2E-17 
2.2E-17 
3.3E-16 

1.4E-16 
6.OE-17 
5.3E-16 
1.4E-18 
9.5E-17 

0 .OE+OO 

2.9E-17 
8.2E-16 
8.2E-16 
2.2E-16 
8.7E-17 
9.1E-16 
9.6E-17 
2.2E-17 
1.8E-16 
1.4E-14 
2.8E-17 
2.OE-16 
4.2E-16 
4.1E-16 
2.8E-17 
2.8E-17 
4.2E-16 
O.OE+OO 
1.5E-16 
6.6E-17 
5.7E-16 
1.5E-18 
1.OE-16 
3.2E-19 
1.OE-17 
5.7E-16 
5.7E-16 
1.5E-16 
6.1E-17 
6.4E-16 
6.7E-17 
1.5E-17 
1.2E-16 
9.9E-15 
1.9E-17 
1.4E-16 
2.9E-16 
2.9E-16 
1.9E-17 
1.9E-17 
2.9E-16 

1.2E-16 
5.OE-17 
4.4E-16 
1.OE-18 
7.9E-17 

0 .OE+OO 

6.4E-17 
1.5E-15 
1.5E-15 
4.OE-16 
1.6E-16 
1.7E-15 
1.8E-16 
4.OE-17 
3.2E-16 
2.6E-14 
5.1E-17 
3.7E-16 
7.7E-16 
7.5E-16 
5.1E-17 
5.1E-17 
7.7E-16 
0 .OE+OO 
3.2E-16 
1.4E-16 
1.2E-15 
3.3E-18 
2.2E-16 
6.9E-19 
2.5E-17 
1.2E-15 
1.2E-15 
3.2E-16 
1.3E-16 
1.4E-15 
1.4E-16 
3.2E-17 
2.6E-16 
2.1E-14 
4.1E-17 
2.9E-16 
6.2E-16 
6.1E-16 
4.1E-17 
4.1E-17 
6.2E-16 
0 .OE+OO 
2.6E-16 
1.1E-16 
9.7E-16 
2.4E-18 
1.7E-16 
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AT VARIOUS LOCATIONS IN THE ENVIRONMENT 
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D r y  Wet Ground 
Air Deposition Deposition Deposition 

( pCi / cm2 / s ) ( pCi / cm2 / s ) ( pCi / cm2 / s 
Wind Distance Concentration Rate Rate Rate 
Toward (meters ) Nuclide ( pCi / L) 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

- -  sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
m 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

9 
Y’ 

I ,  

1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 
1700 
1700 
1700 
1700 

PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-2 3 5 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 

1.7E-15 
3.5E-14 
2.9E-12 
2.9E-12 
7.8E-13 
3.1E-13 
3.3E-12 
3.4E-13 
7.8E-14 
6.3E-13 
5.1E-11 
9.8E-14 
7.1E-13 
1.5E-12 
1.5E-12 
9.9E-14 
9.9E-14 
1.5E-12 
3.8E-04 
6.9E-13 
2.9E-13 
2.6E-12 
6.4E-15 
4.6E-13 
1.4E-15 
2.1E-14 
2.6E-12 
2.6E-12 
6.9E-13 
2.7E-13 
2.9E-12 
3.OE-13 
6.8E-14 
5.5E-13 
4.5E-11 
8.6E-14 
6.2E-13 
1.3E-12 
1.3E-12 
8.7E-14 
8.7E-14 
1.3E-12 
3.4E-04 
6.OE-13 
2.6E-13 
2.3E-12 
5.3E-15 

3.OE-19 
6.4E-18 
5.3E~16 
5.3E-16 
1.4E-16 
5.6E-17 
5.9E-16 
6.2E-17 
1.4E-17 
l.lE-16 
9.2E-15 
1.8E-17 
1.3E-16 
2.7E-16 
2.6E-16 
1.8E-17 
1.8E-17 
2.7E-16 
0 .OE+OO 
1.2E-16 
5.3E-17 
4.6E-16 
1.2E-18 
8.4E-17 
2.6E-19 
3.7E-18 
4.6E-16 
4.6E-16 
1.2E-16 
4.9E-17 
5.2E-16 
5.4E-17 
1.2E-17 
9.9E-17 
8.OE-15 
1.5E-17 
1.1E-16 
2.4E-16 
2 13E-16 
1.6E-17 
1.6E-17 
2.4E-16 
O.OE+OO 
1.1E-16 
4.6E-17 
4.1E-16 
9.6E-19 

2.5E-19 
4.OE-18 
4.4E-16 
4.4E-16 
1.2E-16 
4.6E-17 
4.9E-16 
5.1E-17 
1.2E-17 
9.4E-17 
7.6E-15 
1.5E-17 
1.1E-16 
2.2E-16 
2.213-16 
1.5E-17 
1.5E-17 
2.2E-16 
O.OE+OO 
1.OE-16 
4.3E-17 
3.8E-16 
8.5E-19 
6.8E-17 
2.1E-19 
2.3E-18 
3.8E-16 
3.8E-16 
1.OE-16 
4.OE-17 
4.2E-16 
4.4E-17 
1.OE-17 
8.1E-17 
6.6E-15 
1.3E-17 
9.2E-17 
1.9E-16 
1.9E-16 
1.3E-17 
1.3E-17 
1.9E-16 
O.OE+OO 
8.9E-17 
3.8E-17 
3.3E-16 
7.OE-19 

.5.4E-19 
1.OE-17 
9.7E-16 
9.7E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.6E-17 
2.1E-16 
1.7E-14 
3.2E-17 
2.3E-16 
4.9E-16 
4.8E-16 
3.3E-17 
3-33-17 , 
4.9E-16 

2.2E-16 
9.6E-17 
8.4E-16 
2.OE-18 
1. SE-16 
4.7E-19 
6.OE-18 
8.4E-16 
8.4E-16 
2.2E-16 
8.9E-17 
9.4E-16 
9.8E-17 
2.2E-17 
1. BE-16 
1. SE-14 
2.8E-17 
2.OE-16 
4.3E-16 
4.2E-16 
2.8E-17 
2.8E-17 
4.3E-16 
O.OE+OO 
2.OE-16 
8.4E-17 
7.4E-16 
1.7E-18 

0. OE+OO 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/crnZ/s) (PCi/C&/s) (PCi/d/S) 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
SW 
sw 
sw 
sw 
sw 
sw e- sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 

f * ,  : 

. .  

PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 

4.1E-13 
1.3E-15 
1.2E-14 
2.3E-12 
2.3E-12 
6.OE-13 
2.4E-13 
2.5E-12 
2.6E-13 
6.OE-14 
4.9E-13 
3.9E-11 
7.6E-14 
5.5E-13 
1.2E-12 
1.1E-12 
7.6E-14 
7.6E-14 
1.2E-12 
2.9E-04 
5.1E-13 
2.2E-13 
1.9E-12 ' 

4.1E-15 ' 

3.4E-13 
1.1E-15 
5.9E-15 
1.9E-12 
1.9E-12 
5.1E-ld 
2.OE-13 
2.1E-12 
2.2E-13 
5.OE-14 
4.1E-13 
3.3E-11 
6.4E-14 
4.6E-13 
9.8E-13 
9.5E-13 
6.4E-14 
6.4E-14 
9.8E-13 
2.5E-04 
4.3E-13 
1.8E-13 
1.6E-12 

7.4E-17 
2.3E-19 
2.2E-18 
4.1E-16 
4.1E-16 
1.1E-16 
4.3E-17 
4.5E-16 
4.8E-17 
1.1E-17 
8.8E-17 
7.1E-15 
1.4E-17 
9.9E-17 
2.1E-16 
2.OE-16 
1.4E-17 
1.4E-17 
2.1E-16 
O.OE+OO 
9.1E-17 
3.9E-17 
3.4E-16 
7.4E-19 
6.2E-17 
1.9E-19 
1.1E-18 
3.4E-16 
3.4E-16 
9.1E-17 
3.6E-17 
3.8E-16 
4.OE-17 
9.1E-18 
7.4E-17 
6 .OE-15 
1.1E-17 
8.3E-17 
1.8E-16 
1.7E-16 
1.2E-17 
1.2E-17 
1.8E-16 
0 .OE+OO 
7.8E-17 
3.3E-17 
2.9E-16 

6.OE-17 
1.9E-19 
1.4E-18 
3.3E-16 
3.3E-16 
8.9E-17 
3.5E-17 
3.7E-16 
3.9E-17 
8.8E-18 
7.2E-17 
5.8E-15 
1.1.E-17 
8.1E-17 
1.7E-16 
1.7E-16 
1.1E-17 
1.1E-17 
1.7E-16 
0 .OE+OO 
7.5E-17 
3.2E-17 
2.8E-16 
5.5E-19 
5.1E-17 
1.6E-19 
6.9E-19 
2.8E-16 
2.8E-16 
7.5E-17 
3.OE-17 
3.1E-16 
3.3E-17 
7.5E-18 
6.1E-17 
4.9E-15 
9.4E-18 
6.8E-17 
1.4E-16 
1.4E-16 
9.5E-18 
9. SE-18 
1.4E-16 
O.OE+OO 
6.5E-17 
2.7E-17 
2.4E-16 

1.3E-16 
4.1E-19 
3.6E-18 
7.4E-16 
7.4E-16 
2.OE-16 
7.8E-17 
8.3E-16 
8.7E-17 
2.OE-17 
1.6E-16 
1.3E-14 
2.5E-17 
1.8E-16 
3.8E-16 
3.7E-16 
2.5E-17 
2.5E-17 , .  
3.8E-16 
0. OE+OO . .  
1.7E-16 
7.OE-17 
6.3E-16 
1.3E-18 
1.1E-16 
3. SE-19 
1.7E-18 
6.3E-16 
6.3E-16 

9 1.7E-16 
6.6E-17 
7.OE-16 
7.3E-17 
1.7E-17 
1.3E-16 
1.1E-14 
2.1E-17 
1.5E-16 
3.2E-16 
3.1E-16 
2.1E-17 
2.1E-17 
3.2E-16 
O.OE+OO 
1.4E-16 
6.OE-17 
5.4E-16 

000290 

- - _  
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

sw 
' sw 
sw 
sw 
sw 
sw 
sw 
SW 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
SW 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

I 

2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
'2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 

FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
Po-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 

, RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 

3.2E-15 
2.9E-13 
9.OE-16 
2.9E-15 
1.6E-12 
1.6E-12 
4.3E-13 
1.7E-13 
1.8E-12 
1.9E-13 
4.3E-14 
3.5E-13 
2.8E-11 
5.4E-14 
4.OE-13 
8.3E-13 
8.1E-13 
5. 5E-14 
5. 5E-14 
8.3E-13 
2.3E-04 
4.1E-13 
1.7E-13 
1.6E-12 
3.OE-15 
2.8E-13 
8.6E-16 
2.3E-15 
1.6E-12 
1.6E-12 
4.1E-13 
1.6E-13 
1.7E-12 
1.8E-13 
4.1E-14 
3.3E-13 
2.7E-11 
5.2E-14 
3.8E-13 
8.OE-13 
7.8E-13 
5.2E-14 
5.2E-14 
8.OE-13 
2.1E-04 
3.8E-13 
1.6E-13 

5.8E-19 
5.3E-17 
1.6E-19 
5.3E-19 
2.9E-16 
2.9E-16 
7.8E-17 
3.1E-17 
3.3E-16 
3.4E-17 
7.8E-18 
6.3E-17 
5.1E-15 
9.8E-18 
7.1E-17 
1.5E-16 
1. 5E-16 
9.9E-18 
9.9E-18 
1. SE-16 
0 .OE+OO 
7. 5E-17 
3.1E-17 
2.8E-16 
5.4E-19 
5.1E-17 
1.5E-19 
4.2E-19 
2.8E-16 
2.8E-16 
7.5E-17 
3.OE-17 
3.1E-16 
3.3E-17 
7.4E-18 
6.OE-17 
4.9E-15 
9.3E-18 
6.8E-17 
1.4E-16 
1.4E-16 
9.4E-18 
9.4E-18 
1.4E-16 
0. OE+OO 
6.8E-17 
2.8E-17 

4.3E-19 
4.4E-17 
1.3E-19 
3.5E-19 
2.4E-16 
2.4E-16 
6. 5E-17 
2.6E-17 
2.7E-16 
2.9E-17 
6.5E-18 
5.3E-17 
4.2E-15 
8.1E-18 
5.9E-17 
1.3E-16 
1.2E-16 
8.2E-18 
8.2E-18 
1.3E-16 
0 .OE+OO 
6.2E-17 
2.6E-17 
2.3E-16 
4.OE-19 
4.2E-17 
1.3E-19 
2.8E-19 
2.3E-16 
2.3E-16 
6.2E-17 
2.5E-17 
2.6E-16 
2.7E-17 
6.2E-18 
5.OE-17 
4.1E-15 
7.8E-18 
5.7E-17 
1.2E-16 
1.2E-16 
7.9E-18 
7.9E-18 
1.2E-16 
O.OE+OO 
5.7E-17 
2.4E-17 

1.OE-18 
9.7E-17 
3.OE-19 
8.8E-19 
5.4E-16 
5.4E-16 
1.4E-16 
5.7E-17 
6.OE-16 
6.3E-17 
1.4E-17 
1.2E-16 
9.3E-15 
1.8E-17 
1.3E-16 
2.8E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.8E-16 
0. OE+OO 
1.4E-16 
5.7E-17 
5.1E-16 
9.4E-19 
9.3E-17 
2.8E-19 
7.OE-19 
5.1E-16 
5.13-16 
1.4E-16 
5.4E-17 
5.7E-16 
6.OE-17 
1.4E-17 
1.1E-16 
8.9E-15 
1.7E-17 
1.2E-16 
2.6E-16 
2.6E-16 
1.7E-17 
1.7E-17 
2.6E-16 
0 .  OE+OO 
1.3E-16 
5.2E-17 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air ' Deposition Deposition Deposition 

( pCi / cm2 / s 1 ( pCi / cm2 / s ) ( p C i  /cm2 / s 1 
Wind Distance Concentration Rate Rate Rate 
Toward (meters ) Nucl ide ( pCi / L ) 

sw 
sw 
sw 
SW 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 

.. 
'.I z 

BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 

1.4E-12 
2.6E-15 
2.6E-13 
7.8E-16 
1. 5E-15 
1.4E-12 
1.4E-12 
3.8E-13 
1. 5E-13 
1.6E-12 
1.7E-13 
3.8E-14 
3.OE-13 
2.5E-11 
4.7E-14 
3.4E-13 
7.3E-13 
7.1E-13 
4.8E-14 
4.8E-14 
7.3E-13 
2.1E-04 
3.6E-13 
1.5E-13 
1.4E-12 
2.4E-15 
2.5E-13 
7.5E-16 
1.2E-15 
1.4E-12 
1.4E-12 
3.6E-13 
1.4E-13 
1.5E-12 
1.6E-13 
3.6E-14 
2.9E-13 
2.4E-11 
4.5E-14 
3.3E-13 
7.OE-13 
6.8E-13 
4.63-14 
4.6E-14 
7.OE-13 
1.'5E-04 
2.7E-13 

2.6E-16 
4.6E-19 
4.6E-17 
1.4E-19 
2.7E-19 
2.6E-16 
2.6E-16 
6.8E-17 
2.7E-17 
2.8E-16 
3.OE-17 
6.8E-18 
5.5E-17 
4.4E-15 
8.5E-18 
6.2E-17 
1.3E-16 
1.3E-16 
8.6E-18 
8.6E-18 
1.3E-16 
0 .OE+OO 
6. 5E-17 
2.7E-17 
2.5E-16 
4.3E-19. 
4.4E-17 
1.3E-19 
2.2E-19 
2. SE-16 
2.SE-16 
6.5E-17 
2.6E-17 
2.7E-16 
2.9E-17 
6.5E-18 
5.3E-17 
4.2E-15 
8.1E-18 
5.9E-17 
1.3E-16 
1.2E-16 
8.2E-18 
8.2E-18 
1.3E-16 
O.OE+OO 
4.8E-17 

2.2E-16 
3.5E-19 
3.9E-17 
1.2E-19 
1.9E-19 
2.2E-16 
2.2E-16 
5.7E-17 
2.3E-17 
2.4E-16 
2.5E-17 
5.7E-18 
4.6E-17 
3.7E-15 
7.1E-18 
5.213-17 
1.1E-16 
1.1E-16 
7.2E-18 
7.2E-18 
1.1E-16 
0 .OE+OO 
5.5E-17 
2.3E-17 
2.1E-16 
3.3E-19 
3.7E-17 
1.1E-19 
1.SE-19 
2.1E-16 
2.1E-16 
5.5E-17 
2.2E-17 
2.3E-16 
2.4E-17 
5.5E-18 
4.4E-17 
3.6E-15 
6.9E-18 
5.OE-17 
1.1E-16 
1.OE-16 
7.OE-18 
7.OE-18 
1.1E-16 
O.OE+OO 
4.2E-17 

4.7E-16 
8.2E-19 
8.5E-17 
2.6E-19 
4.5E-19 . 
4.7E-16 
4.7E-16 
1.3E-16 
5.OE-17 
5.2E-16 
5.5E-17 
1.2E-17 
1.OE-16 
8.2E-15 
1.6E-17 
1.1E-16 
2.4E-16 
2.3E-16 
1.6E-17 
1.6E-17 
2.4E-16 
0 .OE+OO 
1.2E-16 
5.OE-17 
4.5E-16 
7.6E-19 
8.2E-17 
2. SE-19 
3.7E-19 
4. SE-16 
4.5E-16 
1.2E-16 
4.8E-17 
5.OE-16 
5.3E-17 
1.2E-17 
9.7E-17 
7.8E-15 
1. SE-17 
1.1E-16 
2.3E-16 
2.3E-16 
1.5E-17 
1.5E-17 
2.3E-16 

9.OE-17 
0. OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s)(pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

sw 
sw 
SW 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

- -  sw 
sw 
sw 
sw 
sw 
sw 

ssw 
ssw 
ssw 
ssw 
SSW 
SSW 
SSW 
ssw 
SSW 
SSW 
SSW 
SSW 
SSW 
SSW 
SSW 
ssw 
SSW 
ssw 
s sw 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
300 
3 00 
300 
300 
3 00 
300 
300 
3 00 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
3 00 
300 
300 
5 0 0  

. .  

AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-23 1 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 

1.1E-13 2.OE-17 
1.OE-12 1.8E-16 
1.4E-15 2-53-19 
1.8E-13 3-33-17 
5.43-16 9.73-20 
2.2E-16 4.OE-20 
1.OE-12 1.8E-16 
1.OE-12 1.8E-16 
2.7E-13 4.8E-17 
l.lE-13 1.9E-17 
l.lE-12 2.OE-16 
1.2E-13 2.1E-17 
2.63-14 4.83-18 
2.1E-13 3.93-17 
1.7E-11 3.1E-15 
3.33-14 6.OE-18 
2.43-13 4.43-17 
5.1E-13 9.2E-17 
5.OE-13 9.OE-17 
3.43-14 6.1E-18 
3.43-14 6.1E-18 
5.1E-13 9.23-17 
2.4E-04 ' 0 .OE+OO 
4.3E-13 ' 7.7E-17 
1.9E-13 3.43-17 
1.6E-12 2.93-16 
5.63-15 1.OE-18 
2.93-13 5.2E-17 
9.23-16 1.7E-19 
2.9E-ld 5.2E-17 
1.6E-12 2.93-16 
1.6E-12 2.93-16 
4.33-13 7.73-17 
1.7E-13 3.OE-17 
1.8E-12 3.23-16 
1.9E-13 3.43-17 
4.2E-14 7.6E-18 
3.43-13 6.23-17 
2.8E-11 5.OE-15 
5-43-14 9.73-18 
3.93-13 7.OE-17 
8.23-13 1.5E-16 
8.OE-13 1.4E-16 
5.43-14 9-73-18 
5.43-14 9.73-18 
8.23-13 1.5E-16 
3.53-04 O.OE+OO 

1.7E-17 
1.6E-16 
2.1E-19 
2.8E-17 
8.5E-20 
3.OE-20 
1.6E-16 
1.6E-16 
4.2E-17 
1.7E-17 
1.8E-16 
1.8E-17 
4.2E-18 
3.4E-17 
2.7E-15 
5.2E-18 
3.8E-17 
8.1E-17 
7.9E-17 
5.3E-18 
5.3E-18 
8.1E-17 

4.2E-16 
1.8E-16 
1.6E-15 
5.2E-18 
2.8E-16 
8.9E-19 
1.9E-16 
1.6E-15 
1.6E-15 
4.2E-16 
1.7E-16 
1.7E-15 
1.8E-16 
4.1E-17 
3.4E-16 
2.7E-14 
5.3E-17 
3.8E-16 
8.OE-16 
7.8E-16 
5.3E-17 
5.3E-17 
8.OE-16 
O.OE+OO 

O.OE+OO 

3.7E-17 
3.4E-16 
4.6E-19 
6.1E-17 
1.8E-19 
7.OE-20 
3.4E-16 
3.4E-16 
9.OE-17 
3.6E-17 
3.8E-16 
3.9E-17 
8.9E-18 
7.3E-17 
5.9E-15 
1.1E-17 
8.2E-17 
1.7E-16 . .  
1.7E-16 
1.1E-17 . .  
1.1E-17 
1.7E-16 

4.9E-16. 
2.2E-16 
1.9E-15 
6.2E-18 
3.3E-16 
1.1E-18 

* 2.4E-16 
1.9E-15 
1.9E-15 
4.9E-16 
2.OE-16 
2.1E-15 
2.2E-16 
4.9E-17 
4.OE-16 
3.2E-14 
6.2E-17 
4.5E-16 
9.5E-16 
9.2E-16 
6.2E-17 
6.2E-17 
9.5E-16 

O.OE+OO 

O.OE+OO 

000293 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Wet Ground Dry 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/S) (Pci/Ce/S) 

SSW 

.. 

a- 

SSW 
ssw 
SSW 
SSW 
SSW 
SSW 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
SSW 
SW 
SSW 

’ ssw 
ssw 
ssw 
SSW 
SSW 
SSW 
SSW 
SSW 
SSW 
SSW 
ssw 
ssw 
S W  
ssw 
ssw 
ssw 
ssw 
ssw 

500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 ’ 
500  
500 
700 
7 00 
700 
700 
700 
700. 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 

4 2 6 7  

AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 

6.4E-13 
2.8E-13 
2.4E-12 
8.OE-15 
4.3E-13 
1.4E-15 
2.5E-13 
2.4E-12 
2.4E-12 
6.4E-13 
2.5E-13 
2.7E-12 
2.8E-13 
6.3E-14 
5.1E-13 
4.1E-11 
8.OE-14 
5.8E-13 
1.2E-12 
1.2E-12 
8.OE-14 
8.OE-14 
1.2E-12 
4.2E-04 
7.7E-13 
3.3E-13 
2.9E-12 
9.2E-15 
5.2E-13 
1.6E-15 
1.8E-13 
2.9E-12 
2,. 9E-12 
7.7E-13 
3.OE-13 
3.2E-12 
3.4E-13 
7.6E-14 
6.2E-13 
5.OE-11 
9.7E-14 
7.OE-13 
1.5E-12 
1.4E-12 
9.7E-14 
9.7E-14 
1.5E-12 

1.1E-16 
5.OE-17 
4.3E-16 
1.4E-18 
7.8E-17 
2.5E-19 
4. 5E-17 
4.3E-16 
4.3E-16 
1.1E-16 
4.5E-17 
4.8E-16 
5.OE-17 
1.1E47 
9.2E-17 
7.4E-15 
1.4E-17 
1.OE-16 
2.2E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.2E-16 
0 .OE+OO 
1.4E-16 
6.OE-17 
5.2E-16 
1.6E-18 
9.4E-17 
3.OE-19 
3.2E-17 
5.2E-16 
5.2E-16 
1.4E-16 
5.5E-17 
5.8E-16 
6.OE-17 
1.4E-17 
1.1E-16 
9.OE-15 
1.7E-17 
1.3E-16 
2.6E-16 
2.6E-16 
1.7E-17 
1.7E-17 
2.6E-16 

2.5E-16 
1. XE-16 
9.4E-16 
2.9E-18 
1.7E-16 
5.3E-19 
6.2E-17 
9.4E-16 
9.4E-16 
2. SE-16 
9.9E-17 
1.OE-15 
1.1E-16 
2.5E-17 
2.OE-16 
1.6E-14 
3.1E-17 
2.3E-16 
4.8E-16 
4.7E-16 
3.1E-17 
3.1E-17 
4.8E-16 

1.8E-16 
7.7E-17 
6.7E-16 
1.9E-18 
1.2E-16 
3.8E-19 
2.6E-17 
6.7E-16 
6.7E-16 
1.8E-16 
7.1E-17 
7.4E-16 
7.8E-17 
1.8E-17 
1.4E-16 
1.2E-14 
2.2E-17 
1.6E-16 
3.4E-16 
3.3E-16 
2.2E-17 
2.2E-17 
3.4E-16 

0 .OE+OO 

3.6E-16 
1.6E-16 
1.4E-15 
4.4E-18 
2.5E-16 
7.8E-19 
1.1E-16 
1.4E-15 
1.4E-15 
3.6E-16 
1.4E-16 
1.5E-15 
1.6E-16 
3.6E-17 
2.9E-16 
2.4E-14 
4.6E-17 
3.3E-16 
7.OE-16 
6.8E-16 
4.6E-17 
4.6E-17 
7.OE-16 
O.OE+OO 
3.2E-16 
1.4E-16 
1.2E-15 
3.6E-18 
2.1E-16 
6.7E-19 
5.8E-17 
1.2E-15 
1.2E-15 
3.2E-16 
1.3E-16 
1.3E-15 
1.4E-16 
3.1E-17 
2. 5E-16 
2.1E-14 
4.OE-17 
2.9E-16 
6.1E-16 
5.9E-16 
4.OE-17 
4.OE-17 
6.1E-16 

000234 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 
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Wet Ground Dry 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rete Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cmZ/s) (pCi/cd/S) 
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s sw 
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s sw 
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1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
13 00 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 

RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-2 3 5 
U-236 

4.1E-04 
7.4E-13 
3.2E-13 
2.8E-12 
8.2E-15 
5.OE-13 
1.6E-15 
8.OE-14 
2.8E-12 
2.8E-12 
7.4E-13 
3.OE-13 
3.1E-12 
3.3E-13 
7.4E-14 
6.OE-13 
4.8E-11 
9.4E-14 
6.8E-13 
1.4E-12 
1.4E-12 
9.4E-14 
9.4E-14 
1.4E-12 
3.4E-04 
6.2E-13 
2.7E-13 
2.3E-12 
6.3E-15 
4.2E-13 
1.3E-15 
3.4E-14 
2.3E-12 
2.3E-12 
6.2E-13 
2.5E-13 
2.6E-12 
2.7E-13 
6.1E-14 
5.OE-13 
4.OE-11 
7.8E-14 
5.6E-13 
1.2E-12 
1.2E-12 
7.8E-14 
7.8E-14 

O.OE+OO 
1.3E-16 
5.8E-17 
5.OE-16 
1. SE-18 
9.1E-17 
2.8E-19 
1.4E-17 
5.OE-16 
5.OE-16 
1.3E-16 
5.3E-17 
5.6E-16 
5.9E-17 
1.3E-17 
1.1E-16 
8.7E-15 
1.7E-17 
1.2E-16 
2.6E-16 
2.5E-16 
1.7E-17 
1.7E-17 
2.6E-16 
O.OE+OO 
1.1E-16 
4.8E-17 
4.2E-16 
1.1E-18 
7.5E-17 
2.4E-19 
6.1E-18 
4.2E-16 
4.2E-16 
1.1E-16 
4.4E-17 
4.6E-16 
4.9E-17 
1.1E-17 
9.OE-17 
7.2E-15 
1.4E-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 

O.OE+OO 
1.2E-16 
S.3E-17 
4.7E-16 
1.2E-18 
8.4E-17 
2.6E-19 
9.1E-18 
4.7E-16 
4.7E-16 
1.2E-16 
4.9E-17 
5.2E-16 
5.4E-17 
1.2E-17 
1.OE-16 
8.1E-15 
1.6E-17 
1.1E-16 
2.4E-16 
2.3E-16 
1.6E-17 
1.6E-17 
2.4E-16 
O.OE+OO 
9. SE-17 
4.1E-17 
3.6E-16 
8 .  SE-19 
6.4E-17 
2.OE-19 
3.6E-18 
3.6E-16 
3.6E-16 
9. SE-17 
3.8E-17 
4.OE-16 
4.2E-17 
9.43-18 
7.7E-17 
6.2E-15 
1.2E-17 
8.6E-17 
1.8E-16 
1.8E-16 
1.2E-17 
1.2E-17 

O.OE+OO 
2.6E-16 
1.1E-16 
9. ?E-16 
2-73-16 . 
1.7E-16 
5. SE-19 
2.3E-17 
9.7E-16 
9.7E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.6E-17 
2.1E-16 
1.7E-14 
3.2E-17 
2.3E-16 
5.OE-16 
4.8E-16 
3.3E-17 
3.3E-17 
5.OE-16 
O.OE+OO 
2.1E-16 
8.9E-17 
7.8E-16 
2.OE-18 
1.413-16 
4.4E-19 
9.7E-18 
7.8E-16 
7.8E-16 
2.1E-16 
8.2E-17 
8.6E-16 
9.OE-17 
2.1E-17 
1.7E-16 
1.3E-14 
2.6E-17 
1.9E-16 
4.OE-16 
3.9E-16 
2.6E-17 
2.6E-17 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

D W  Wet Ground 
Air -Deposition Deposition Depositi’on 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s)(pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 
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SSW 
SSW 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
s sw 
ssw 
SSW 
ssw 
SSW 
SSW 
ssw 
ssw 
SSW 
ssw 
SSW 
ssw 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 
s sw 
ssw 
s sw 
ssw 
s sw 

1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 

U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 

1.2E-12 
3.OE-04 
5.5E-13 
2.3E-13 
2.1E-12 
5.3E-15 
3.7E-13 
1.2E-15 
2.OE-14 
2.1E-12 
2.1E-12 
5.5E-13 
2.2E-13 
2.3E-12 
2.4E-13 
5.4E-14 
4.4E-13 
3.6E-11 
6.9E-14 
5.OE-13 
1.OE-12 
1.OE-12 
6.9E-14 
6.9E-14 
1.OE-12 
2.7E-04 
4.8E-13 
2.1E-13 
1.8E-12 
4.4E-15 
3.3E-13 
1.OE-15 
1.2E-14 
1.8E-12 
1.8E-12 
4.8E-13 
1.9E-13 
2.OE-12 
2.1E-13 
4.8E-14 
3.9E-13 
3.1E-11 
6.1E-14 
4.4E-13 
9.3E-13 
9.1E-13 
6.1E-14 

2.1E-16 

9.8E-17 
4.2E-17 
3.7E-16 
9.5E-19 
6.7E-17 
2.1E-19 
3.6E-18 
3.7E-16 
3.7E-16 
9.8E-17 
3.9E-17 
4.1E-16 
4.3E-17 
9.8E-18 
7.9E-17 
6.4E-15 
1.2E-17 
8.9E-17 
1 ;9E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.9E-16 
0 .OE+OO 
8.7E-17 
3.7E-17 
3.3E-16 
8.OE-19 
5.9E-17 
1.8E-19 
2.1E-18 
3.3E-16 
3.3E-16 
8.7E-17 
3. SE-17 
3.6E-16 
3.8E-17 
8.6E-18 
7.OE-17 
5.7E-15 
1.1E-17 
7.9E-17 
1.7E-16 
1.6E-16 
1.1E-17 

0 .OE+OO 
1.8E-16 
O.OE+OO 
8.2E-17 
3. SE-17 
3.1E-16 
6.9E-19 
5.6E-17 
1.7E-19 
2.1E-18 
3.1E-16 
3.1E-16 
8.2E-17 
3.3E-17 
3.4E-16 
3.6E-17 
8.2E-18 
6.6E-17 
5.3E-15 
1.OE-17 
7.5E-17 
1.6E-16 
1.5E-16 
1.OE-17 
1.OE-17 
1.6E-16 

7.2E-17 
3.1E-17 
2.7E-16 
5.7E-19 
4.9E-17 
1.5E-19 
1.2E-18 
2.7E-16 
2.7E-16 
7.2E-17 
2.9E-17 
3.OE-16 
3.2E-17 
7.2E-18 
S.8E-17 
4.7E-15 
9.OE-18 
6.6E-17 
1.4E-16 
1.4E-16 
9.1E-18 

0 .OE+OO 

4.OE-16 
O.OE+OO 
1.8E-16 
7.7E-17 
6.8E-16 
1.6E-18 
1.2E-16 
3.8E-19 
5.6E-18 
6.8E-16 
6.8E-16 
1.8E-16 
7.2E-17 
7. SE-16 
7.9E-17 
1.8E-17 
1.5E-16 
1.2E-14 
2.3E-17 
1.6E-16 
3.5E-16 
3.4E-16 
2.3E-17 
2.3E-17 
3.5E-16 

1.6E-16 
6.8E-17 
6.OE-16 
1.4E-18 
1.1E-16 
3.3E-19 
3.3E-18 
6.OE-16 
6.OE-16 
1.6E-16 
6.3E-17 
6.6E-16 
7.OE-17 
1.6E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1.4E-16 
3.1E-16 
3.OE-16 
2.OE-17 

0 .OE+OO 



I. ' ! \  ! . .  
Mar 11, 2002 02:42 pm 

ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

CONCEN 4262: 
Page 51 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cd/s) 
Wind Distance Concentration Rate Rate Rate 

ssw 
SSW 
SSW 
SSW 
SSW 
SSW 
SSW 
ssw 
SSW 
SSW 
ssw 
ssw 
ssw 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
SSW 
SSW 
SSW 
SSW 
SSW 
SSW 
SSW 
Ssbl 
ssw 

' ssw 
SSW 
SSW 
SSW 
ssw 
ssw 
SSW 
SSW 
SSW 
SSW 
ssw 
SSW 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 

. "  
I "I 

1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 

U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-2 3 0 
TH-231 

2000 * TH-232 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 

TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 

6.1E-14 
9.3E-13 
2.3E-04 
4.1E-13 
1.7E-13 
1.5E-12 
3.5E-15 
2.8E-13 
8.6E-16 
5.6E-15 
1. SE-12 
1.5E-12 
4.1E-13 
1.6E-13 
1.7E-12 
1.8E-13 
4.1E-14 
3 - 3E-13 
2.7E-11 
5.1E-14 
3.7E-13 
7.9E-13 
7.7E-13 
5.2E-14 
5.2E-14 
7.9E-13 
2.OE-04 
3.5E-13 
1. SE-13 
1.3E-12 
2.8E-15 
2.4E-13 
7..3E-16 
2.7E-15 
1.3E-12 
1.3E-12 
3.5E-13 
1.4E-13 
1. 5E-12 
1.5E-13 
3. SE-14 
2.813-13 
2.3E-11 
4.4E-14 
3 - 2E-13 
6.8E-13 
6.6E-13 

1.1E-17 
1.7E-16 
0 .OE+OO 
7.4E-17 
3.1E-17 
2.8E-16 
6.3E-19 
5.OE-17 
1.5E-19 
1.OE-18 
2.8E-16 
2.8E-16 
7.4E-17 
2.9E~17 
3.1E-16 
3.2E-17 
7.3E-18 
5.9E-17 
4.8E-15 
9.2E-18 
6.7E-17 
1.4E-16 
1.4E-16 
9.3E-18 
9.3E-18 
1.4E-16 
0 .OE+OO 
6.4E-17 
2.7E-17 
2.4E-16 
5.OE-19 
4.3E-17 
1.3E-19 
4.9E-19 
2.4E-16 
2.4E-16 
6.4E-17 
2.5E-17 
2.7E-16 
2.8E-17 
6.3E-18 
5.1E-17 
4.1E-15 
7.9E-18 
5.8E-17 
1.2E-16 
1.2E-16 

9.1E-18 
1.4E-16 
0 .OE+OO 
6.1E-17 
2.6E-17 
2.3E-16 
4. 5E-19 
4.1E-17 
1.3E-19 
5.9E-19 
2.3E-16 
2.3E-16 
6.1E-17 
2.4E-17 
2.6E-16 
2.7E-17 
6.1E-18 
4.9E-17 
4.OE-15 
7.6E-18 
5.6E-17 
1.2E-16 
1.1E-16 
7.7E-18 
7.7E-18 
1.2E-16 

5.3E-17 
2.2E-17 
2.OE-16 
3.6E-19 
3.6E-17 
1.1E-19 
3.OE-19 
2.OE-16 
2.OE-16 
5.3E-17 
2.1E-17 
2.2E-16 
2.3E-17 
5.3E-18 
4.3E-17 
3.4E-15 
6.6E-18 
4.8E-17 
1.OE-16 
9.9E-17 

0 .OE+OO 

2.OE-17 
3.1E-16 
O.OE+OO 
1.3E-16 
5.7E-17 
5.1E-16 
1.1E-18 
9.1E-17 
2.8E-19 
1.6E-18 
5.1E-16 
5.1E-16 
1.3E-16 
5.3E-17 
5.6E-16 
5.9E-17 
1.3E-17 
l.lE-16 ' 
8. BE-15 
1.7E-17 
1.2E-16 
2.6E-16 
2.5E-16 
1.7E-17 
1.7E-17 
2.6E-16 
0 .OE+OO 
1.2E-16 
4.93-17 
4.4E-16 
8.5E-19 
7.9E-17 
2.4E-19 
7.9E-19 
4.4E-16 
4.4E-16 
1.2E-16 
4.6E-17 
'4.9E-16 
5.1E-17 
1.2E-17 
9.4E-17 
7.6E-15 
1.5E-17 
1.1E-16 
2.2E-16 
2.2E-16 

000297 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cd/s) 
Wind Distance Concentration Rate Rate Rate 

ssw 
SSW 
SSW 
ssw 
SSW 
SSW 
ssw 
ssw 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
SSW 
SSW 
SSW 
ssw 
SSW 
SSW 
SSW 
SSW 
SSW 
ssw 
SSW 
ssw 
SSW 
SSW 
ssw 
SSW 
ssw 
ssw 
SSW 

2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
24.00 
2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 

U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 

4.5E-14 
4.5E-14 
6.8E-13 
1.9E-04 
3.4E-13 
1.4E-13 
1.3E-12 
2.6E-15 
2.3E-13 
7.OE-16 
2.2E-15 
1.3E-12 
1.3E-12 
3.413-13 
1.3E-13 
1.4E-12 
1.5E-13 
3.3E-14 
2.7E-13 
2.2E-11 
4.2E-14 
3.1E-13 
6.5E-13 
6.3E-13 
4.3E-14 
4.3E-14 
6. SE-13 
1.8E-04 
3.1E-13 
1.3E-13 
1.2E-12 
2.2E-15 
2.1E-13 
6.4E-16 
1.4E-15 
1.2E-12 
1.2E-12 
3.1E-13 
1.2E-13 
1.3E-12 
1.4E-13 
3.1E-14 
2.5E-13 
2.OE-11 
3.9E-14 
2.8E-13 
5.9E-13 

8.OE-18 
8.OE-18 
1.2E46 

6.1E-17 
2.6E-17 
2.3E-16 
4.6E-19 
4.1E-17 
1.3E-19 
3.9E-19 
2.3E-16 
2.3E-16 
6.1E-17 
2.4E-17 
2. SE-16 
2.7E-17 
6.OE-18 
4.9E-17 
3.9E-15 
7.6E-18 
5.5E-17 
1.2E-16 
1.lE-16 
7.7E-18 
7.7E-18 
1.2E-16 
O.OE+OO 
5.6E-17 
2.3E-17 
2.1E-16 
4.OE-19 
3.8E-17 
I. 2E-19 
2.5E-19 
2.1E-16 
2.1E-16 
5.6E-17 
2.'2E-17 
2.3E-16 
2.4E-17 
5.5E-18 
4.5E-17 
3.6E-15 
7.OE-18 
5.1E-17 
1.1E-16 

0 .OE+OO 

6.7E-18 
6.7E-18 
1.OE-16 
0. OE+OO 
5.1E-17 
2.1E-17 
1.9E-16 
3.3E-19 
3.4E-17 
1.OE-19 
2.4E-19 
1.9E-16 
1.9E-16 
5.1E-17 
2.OE-17 
2.1E-16 
2.2E-17 
5.OE-18 
4.1E-17 
3.3E-15 
6.3E-18 
4.6E-17 
9.7E-17 
9.5E-17 
6.4E-18 
6.4E-18 
9.7E-17 
0 .OE+OO 
4.7E-17 
1.9E-17 
1.8E-16 
2.9E-19 
3.2E-17 
9.5E-20 
1.6E-19 
1.8E-16 
1.8E-16 
4.7E-17 
1.8E-17 
1.9E-16 
2.OE-17 
4.6E-18 
3.8E-17 
3.OE-15 
S.8E-18 
4.2E-17 
9.OE-17 

.1.5E-17 
1. SE-17 
2.2E-16 

1.1E-16 
4.7E-17 
4.2E-16 
7.9E-19 
7.5E-17 
2.3E-19 
6.3E-19 
4.2E-16 
4.2E-16 
1.1E-16 
4.4E-17 
4.6E-16 
4.93-17 . 
1.1E-17 
9.OE-17 
7.2E-15 
1.4E-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.1E-16 

1.OE-16 
4.3E-17 
3.8E-16 
6.9E-19 
6.9E-17 
2.1E-19 
4.OE-19 
3.8E-16 
3.8E-16 
1.OE-16 
4.1E-17 
4.3E-16 
4. SE-17 
1.OE-17 
8.2E-17 
6.7E-15 
1.3E-17 
9.3E-17 
2.OE-16 

O.OE+OO 

O.OE+OO 

, 
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Wind 
Toward 

~~ ~ 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Distance Concentration Rate Rate Rate 
(meters) Nuclide (pCi/L) (pCi/cmZ/S) (pCi/cm2/s) (pCi/cm2/s) 

ssw 
SSW 
SSW 
ssw 
SSW 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 

- .  ssw 
s sw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
SSW 
SSW 
ssw 
SSW 
SSW 
SSW 
SSW 
SSW 
SSW 
ssw 
SSW 
ssw 
ssw 
ssw 
ssw 
s sw 
ssw 
s sw 
ssw 
ssw 
ssw 

2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3 500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-22 8 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 

5.8E-13 
3.9E-14 
3.9E-14 
5.9E-13 
1.7E-04 
3.OE-13 
1.2E-13 
1.1E-12 
2.1E-15 
2.OE-13 
6.1E-16 
1.1E-15 
1.1E-12 
1.1E-12 
3.OE-13 
1.2E-13 
1.2E-12 
1.3E-13 
3.OE-14 
2-4E-13 
1.9E-11 
3.7E-14 
2.7E-13 
5.7E-13 
5.6E-13 
3.8E-14 
3.8E-14 
5.7E-13 
1.3E-04 
2.2E-13 
9.1E-14 
8.3E-13 
1.2E-15 
1. 5E-13 
4.5E-16 
2.OE-16 
8.3E-13 
8.3E-13 
2.2E-13 
8.8E-14 
9.3E-13 
9.7E-14 
2.2E-14 
1.8E-13 
1.4E-11 
2.8E-14 
2.OE-13 

1.OE-16 
7.OE-18 
7.OE-18 
1.1E-16 
O.OE+OO 
5.3E-17 
2.2E-17 
2.OE-16 
3.7E-19 
3.6E-17 
1.1E-19 
2.OE-19 
2.OE-16 
2.OE-16 
5.3E-17 
2.1E-17 
2.2E-16 
2.3E-17 
5.3E-18 
4.3E-17 
3.513-15 
6.7E-18 
4.9E-17 
1.OE-16 
1.OE-16 
6.8E-18 
6.8E-18 
1.OE-16 

4.OE-17 
1.6E-17 
1.5E-16 
2.2E-19 
2.7E-17 
8.1E-20 
3.7E-20 
1. SE-16 
1.5E-16 
4.OE-17 
1.6E-17 
1.7E-16 
1.7E-17 
4.OE-18 
3.2E-17 
2.6E-15 
5.OE-18 
3.6E-17 

O.OE+OO 

8.7E-17 
5.9E-18 
5.9E-18 
9.OE-17 

4. SE-17 
1.9E-17 
1.7E-16 

. 2.7E-19 
3.OE-17 
9.2E-20 
1.3E-19 
1.7E-16 
1.7E-16 
4.5E-17 
1.8E-17 
1.9E-16 
2.OE-17 
4.5E-18 
3.6E-17 
2.9E-15 
5.6E-18 
4.1E-17 
8.6E-17 
8.4E-17 
5.7E-18 
5.7E-18 
8.6E-17 
0 .OE+OO 
3.4E-17 
1.4E-17 
1.3E-16 
1.7E-19 
2.3E-17 
6.9E-20 
2.5E-20 
1.3E-16 
1.3E-16 
3.4E-17 
1.4E-17 
1.4E-16 
1.5E-17 
3.4E-18 
2.8E-17 
2.2E-15 
4.2E-18 
3.1E-17 

O.OE+OO 

1.9E-16 
1.3E-17 
1.3E-17 
2.OE-16 
O.OE+OO 
9.8E-17 
4.1E-17 
3.7E-16 
6.4E-19 
6.7E-17 
2.OE-19 
3.2E-19 
3.7E-16 
3.7E-16 
9.8E-17 
3.9E-17 
4.1E-16 
4.3E-17 
9.8E-18 
7.9E-17 
6.4E-15 
1.2E-17 
8.9E-17 
1.9E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.9E-16 
O.OE+OO 
7.4E-17 
3.OE-17 
2.8E-16 
4.OE-19 
5.OE-17 
1. SE-19 
6.1E-20 
2.8E-16 
2.8E-16 
7.4E-17 
2.9E-17 
3.1E-16 
3.2E-17 
7.4E-18 
6.OE-17 
4.8E-15 
9.2E-18 
6.7E-17 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

SSW 
. ssw 
SSW 
ssw 
SSW 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

. 

3500 
3500 
3500 
3500 
3500 
3 00 
300 
3 00 
300 
300 
300 
300 
300 
300 
3 00 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
3 00 
300 
500 
500 
500 
500, 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA - 2 3 4M 
PB-210 
PO-210 
FA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 

4.3E-13 
4.2E-13 
2.8E-14 
2.8E-14 
4.3E-13 
2.2E-04 
3.9E-13 
1.7E-13 
1.5E-12 
5.2E-15 
2.7E-13 
8. SE-16 
3.OE-13 
1.5E-12 
1.5E-12 
3.9E-13 
1.6E-13 
1.6E-12 
1.7E-13 
3.9E-14 
3.2E-13 
2.6E-11 
5.OE-14 
3.6E-13 
7.6E-13 
7.4E-13 
5.OE-14 
5.OE-14 
7.6E-13 
3.2E-04 
5.7E-13 
2.5E-13 
2.2E-12 
7.3E-15 
3.9E-13 
1.2E-15 
2. 5E-13 
2.2E-12 
2.2E-12 
5.7E-13 
2.3E-13 
2.4E-12 
2.5E-13 
5.7E-14 
4.6E-13 
3.7E-11 
7.2E-14 

7.7E-17 
7. 5E-17 
5.OE-18 
5.OE-18 
7.7E-17 

7.1E-17 
3.1E-17 
2.7E-16 
9.4E-19 
4.8E-17 
1. 5E-19 
5.4E-17 
2.7E-16 
2.7E-16 
7.1E-17 
2.8E-17 
3.OE-16 
3.1E-17 
7.OE-18 
5.7E-17 
4.6E-15 
9.OE-18 
6.5E-17 
1.4E-16 
1.3E-16 
9.OE-18 
9.OE-18 
1.4E-16 
O.OE+OO 
1.OE-16 
4. 5E-17 
3.9E-16 
1.3E-18 
7.OE-17 
2.2E-19 
4.6E-17 
3.9E-16 
3.9E-16 
1.OE-16 
4.1E-17 
4.3E-16 
4.5E-17 
1.OE-17 
8.3E-17 
6.7E-15 
1.3E-17 

O.OE+OO 

6.6E-17 
6.4E-17 
4.3E-18 
4.3E-18 
6.6E-17 

4.1E-16 
1.8E-16 
1.5E-15 
5.1E-18 
2.8E-16 
8.8E-19 
1.8E-16 
1.5E-15 
1. SE-15 
4.1E-16 
1.6E-16 
1.7E-15 
1.8E-16 
4.1E-17 
3.3E-16 
2.7E-14 
5.2E-17 
3.7E-16 
7.9E-16 
7.7E-16 
5.2E-17 
5.2E-17 
7.9E-16 
O.OE+OO 
2.5E-16 
1.1E-16 
9.2E-16 
2.9E-18 
1.7E-16 
5.2E-19 
6.1E-17 
9.2E-16 
9.2E-16 
2.5E-16 
9.7E-17 
1.OE-15 
1.lE-16 
2.4E-17 
2.OE-16 
1.6E-14 
3.1E-17 

0. OE+OO 

1.4E-16 
1.4E-16 
9.4E-18 
9.4E-18 
1 - 4E-16 
O.OE+OO 
4.8E-16 
2 - 1E-16 
1.8E-15 
6.1E-18 
3.3E-16 
1.OE-18 
2.3E-16 
1.8E-15 
1.8E-15 
4.8E-16 
1.9E-16 
2.OE-15 
2.1E-16 
4.8E-17 
3.9E-16 
3.1E-14 
6.1E-17 
4.4E-16 
9.2E-16 
9.OE-16 
6.1E-17 
6.1E-17 
9.2E-16 

3. 5E-16 
1.5E-16 
1.3E-15 
4.2E-18 
2.4E-16 
7. SE-19 
1.1E-16 
1.3E-15 
1.3E-15 
3.5E-16 
1.4E-16 
1.5E-15 
1.5E-16 
3.5E-17 
2.8E-16 
2.3E-14 
4.4E-17 

O.OE+OO 

000300 
"- . , 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cmZ/s) (pCi/cm2/s) (pCi/crn2/s) 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

. s  
- -  S 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

. I  

500 
500 
500 
500  
500 
500 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
7 00 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
m-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 

5.2E-13 
1.1E-12 
1.m-12 
7.3E-14 
7.3E-14 
1.1E-12 
3.8E-04 
7.OE-13 
3.OE-13 
2.6E-12 
8.4E-15 
4.7E-13 
1.5E-15 
1.8E-13 
2.6E-12 
2.6E-12 
7.OE-13 
2.8E-13 
2.9E-12 
3.OE-13 
6.9E-14 
5.6E-13 
4.5E-11 
8.8E-14 
6.3E-13 
1.3E-12 
1.3E-12 
8.8E-14 
8.8E-14 
1.3E-12 
3.9E-04 
7.OE-13 
3.OE-13 
2.6E-12 
7.7E-15 
4.8E-13 
1. SE-15 
8.OE-14 
2.6E-12 
2.6E-12 
7.OE-13 
2.8E-13 
2.9E-12 
3.1E-13 
7.OE-14 
5.7E-13 
4.6E-11 

9.4E-17 
2.OE-16 
1.9E716 
1.3E-17 
1.3E-17 
2.OE-16 
O.OE+OO 
1.3E-16 
5 .  SE-17 
4.7E-16 
1.5E-18 
8.5E-17 
2.7E-19 
3.2E-17 
4.7E-16 
4.7E-16 
1.3E-16 
5.OE-17 
5.2E-16 
5 .  SE-17 
1.2E-17 
1.OE-16 
8.2E-15 
1.6E-17 
1.1E-16 
2.4E-16 
2.3E-16 
1.6E-17 
1.6E-17 
2.4E-16 
0 .OE+OO 
1.3E-16 
5.5E-17 
4.8E-16 
1.4E-18 
8.6E-17 
2.7E-19 
1.4E-17 
4 8E-16 
4.8E-16 
1.3E-16 
5.OE-17 
5.3E-16 
5.5E-17 
1.3E-17 
1.OE-16 
8.2E-15 

2.2E-16 
4.7E-16 
4.6E-16 
3.1E-17 
3.1E-17 
4.7E-16 

1.7E-16 
7.6E-17 
6.6E-16 
1.9E-18 
1.2E-16 
3.7E-19 
2.6E-17 
6.6E-16 
6.6E-16 
1.7E-16 
6.9E-17 
7.3E-16 
7.7E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.2E-17 
1.6E-16 
3.4E-16 
3.3E-16 
2.2E-17 
2.2E-17 
3.4E-16 

1.2E-16 
5.23-17 ' 
4.6E-16 
1.2E-18 
8.3E-17 
2.6E-19 
9.2E-18 
4.6E-16 
4.6E-16 
1.2E-16 
4.8E-17 
5.1E-16 
5.3E-17 
1.2E-17 

7.9E-15 

O.OE+OO 

O.OE+OO 

9 . 8 ~ 4 7  

* 3.2E-16 
6.7E-16 
6. SE-16 
4.4E-17 
4.4E-17 
6.7E-16 
0. OE+OO 
3.OE-16 
1.3E-16 
1.1E-15 
3.4E-18 
2.OE-16 
6.4E-19 
5.8E-17 
1.1E-15 
1.1E-15 
3.OE-16 , 

1.2E-16 
1.3E-15 
1.3E-16 * 

3.OE-17 
2.4E-16 
2.OE-14 
3.8E-17 
2.7E-16 
5.8E-16 
5.6E-16 
3.8E-17 
3.8E-17 
5.8E-16 
0. OE+OO 
2.5E-16 
1.1E-16 
9.3E-16 
2.6E-18 
1.7E-16 
5.3E-19 
2.4E-17 
9.3E-16 
9.3E-16 
2.5E-16 
9.9E-17 
1.OE-15 
1.1E-16 
2.5E-17 
2.OE-16 
1.6E-14 

OQC302 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cmZ/s) (pCi/cd/s) 
Wind Distance Concentration Rate Rate Rate 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
* S  
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 

8.8E-14 1.6E-17 
6.43-13 l.lE-16 
1.3E-12 2.43-16 
1.3E-12 2.4E-16 
8.9E-14 1.6E-17 
8.9E-14 1.6E-17 
1.3E-12 2-43-16 
3.33-04 O.OE+OO 
6.OE-13 1.1E-16 
2.63-13 4.63-17 
2.2E-12 4.OE-16 
6.OE-15 1.1E-18 
4.OE-13 7.3E-17 
1.3E-15 2.3E-19 
3.4E-14 6.1E-18 
2.23-12 4.OE-16 
2.2E-12 4 .  bE-16' 
6.OE-13 1.1E-16 
2-43-13 4.33-17 
2.53-12 4.53-16 
2-63-13 4.73-17 
5.9E-14 1.1E-17 
4.8E-13 ', 8.7E-17 
3.9E-11 7.OE-15 
7.5E-14 1.4E-17 
5.4E-13 9.8E-17 
1.1E-12 2.1E-16. 
1.1E-12 2.OE-16 
7.5E-14 1.4E-17 
7-53-14 1.4E-17 
l.lE-12 2.1E-16 
3.OE-04 O.OE+OO 
5.3E-13 9.6E-17 
2.3E-13 4.1E-17 
2.OE-12 3.63-16 
5.1E-15 9.23-19 
3.6E-13 6. 5E-17 
l.lE-15 2.OE-19 
2.OE-14 3.5E-18 
2.OE-12 3.63-16 
2.OE-12 3.63-16 
5.3E-13 9.6E-17 
2.1E-13 3.8E-17 
2.2E-12 4.OE-16 
2.3E-13 4.2E-17 
5.3E-14 9.5E-18 
4.3E-13 7.7E-17 

1. SE-17 
1.1E-16 
2.3E-16 
2.3E-16 
1. SE-17 
1. SE-17 
2.3E-16 
O.OE+OO 
9.3E-17 
4.OE-17 
3. SE-16 
8.3E-19 
6.aE-17 
2.OE-19 
3.7E-18 
3.5E-16 
3. SE-16 
9.3E-17 
3.7E-17 
3.9E-16 
4.1E-17 
9.3E-18 
7.5E-17 
6.1E-15 
1.2E-17 
8.5E-17 
1.8E-16 
1.7E-16 
1.2E-17 
1.2E-17 
1.8E-16 
O.OE+OO 
8.1E-17 
3.4E-17 
3.OE-16 
6.7E-19 
5.5E-17 
1.7E-19 
2.1E-18 
3.OE-16 
3.OE-16 
8.1E-17 
3.2E-17 
3.4E-16 
3.5E-17 
8.OE-18 
6.5E-17 

3.1E-17 
2.3E-16 
4.8E-16 
4.7E-16 
3.1E-17 
3.1E-17 
4.8E-16 
O.OE+OO 
2.OE-16 
8.6E-17 
7.6E-16 
1.9E-18 
1.4E-16 
4.2E-19 
9.8E-18 
7.6E-16 
7.6E-16 
2.OE-16 
8.OE-17 
8.4E-16 
8.8E-17 
2.OE-17 
1.6E-16 
1.3E-14 
2.5E-17 
1. BE-16 
3.9E-16 
3.8E-16 
2.5E-17 

' 2.53-17 
3.9E-16 
o.OE+OO 
1.8E-16 
7. SE-17 
6.6E-16 
1.6E-18 
1.2E-16 
3.7E-19 
5.6E-18 
6.6E-16 
6.6E-16 
1.8E-16 
7.OE-17 
7.4E-16 
7.7E-17 
1.8E-17 
1.4E-16 000302 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (PCi/Cd/S) (pCi/cm2/s) (pCi/cd/s) 
Wind Distance Concentration Rate Rate Rate 

S 
' S  

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

- -  S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 
1700 
1700 
1700 
1700 
'1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 

2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 

2000 , 

TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 

3.5E-11 
6.7E-14 
4.8E-13 
1.OE-12 
1.OE-12 
6.7E-14 
6.7E-14 
1.OE-12 
2.7E-04 
4.8E-13 
2.OE-13 
1.8E-12 
4.3E-15 
3.2E-13 
1.OE-15 
1.2E-14 
1.8E-12 
1.8E-12 
4.8E-13 
1.9E-13 
2,OE-12 
2.1E-13 
4.7E-14 
3.8E-13 
3.1E-11 
6.OE-14 
4.3E-13 
9.1E-13 
8.9E-13 
6.OE-14 
6.OE-14 
9.1E-13 
2.3E-04 
4.1E-13 
1.7E-13 
1.5E-12 
3.4E-15 
2.8E-13 
8.5E-16 
5.4E-15 
1.5E-12 
1.5E-12 
4.1E-13 
1.6E-13 
1.7E-12 
1.8E-13 
4.OE-14 

6.2E-15 
1.2E-17 
8.7E-17 
1. BE-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.8E-16 

8.6E-17 
3.7E-17 
3.2E-16 
7.8E-19 
5.8E-17 
1.8E-19 
2.1E-18 
3.2E-16 
3.2E-16 
8.6E-17 
3.4E-17 
3.6E-16 
3.8E-17 
8.5E-18 
6.9E-17 
5.6E-15 
1.1E-17 
7.8E-17 
1.6E-16 
1.6E-16 
1.1E-17 
1.1E-17 
1.6E-16 
0 .OE+OO 
7.3E-17 
3.1E-17 
2.8E-16 
6.1E-19 
5.OE-17 
1.5E-19 
9.8E-19 
2.8E-16 
2.8E-16 
7.3E-17 
2.9E-17 
3.1E-16 
3.2E-17 
7.3E-18 

O.OE+OO 

5.3E-15 
1.OE-17 
7.3E-17 
1.6E-16 
1.5E-16 
1.OE-17 
1.OE-17 
1.6E-16 
0 .OE+OO 
7.1E-17 
3.OE-17 
2.7E-16 
5.6E-19 
4.8E-17 
1.5E-19 
1.3E-18 
2.7E-16 
2.7E-16 
7.1E-17 
2.8E-17 
3.OE-16 
3.1E-17 
7.1E-18 
5.7E-17 
4.6E-15 
8.9E-18 
6.5E-17 
1.4E-16 
1.3E-16 
9.OE-18 
9.OE-18 
1.4E-16 
0. OE+OO 
6.OE-17 
2. 5E-17 
2.3E-16 
4.3E-19 
4.1E-17 
1.2E-19 
6.OE-19 
2.3E-16 
2.3E-16 
6.OE-17 
2.4E-17 
2.5E-16 
2.6E-17 
6.OE-18 

1.1E-14 
2.2E-17 
1.6E-16 
3.4E-16 
3.3E-16 
2.2E-17 
2.2E-17 
3.4E-16 
O.OE+OO 
1.6E-16 
6.7E-17 
5.9E-16 
1.3E-18 
1.1E-16 
3.3E-19 
3.3E-18 
5.9E-16 
5.9E-16 
1.6E-16 
6.2E-17 
6.5E-16 
6.9E-17 
1.6E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1.4E-16 
3.OE-16 
2.9E-16 
2.OE-17 
2.OE-17 
3.OE-16 
O.OE+OO 
1.3E-16 
5.6E-17 
5.OE-16 
1.OE-18 
9.OE-17 
2.8E-19 
1.6E-18 
5.OE-16 
5.OE-16 
1.3E-16 
5.3E-17 
5.6E-16 
5.8E-17 
1.3E-17 

000303 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS I N  THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cmZ/sI (pCi/&/S)  (pCi/cd/s) 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

L - ' T C .  
* .  

2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 

TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
m-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-23 1 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-220 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 

3.3E-13 
2.6E-11 
5.1E-14 
3.7E-13 
7.8E-13 
7.6E-13 
5.1E-14 
5.1E-14 
7.8E-13 
2.OE-04 
3.5E-13 
1.5E-13 
1.3E-12 
2.7E-15 
2.4E-13 
7.3E-16 
2.7E-15 
1.3E-12 
1.3E-12 
3. SE-13 
1.4E-13 
1.5E-12 
1. SE-13 
3.5E-14 
2.8E-13 
2.3E-11 
4.4E-14 
3.2E-13 
6.8E-13 
6.6E-13 
4.5E-14 
4.5E-14 
6.8E-13 
1.9E-04 
3 .4E-13 
1.4E-13 
1.3E-12 
2.5E-15 
2.3E-13 
7.OE-16 
2.1E-15 
1.3E-12 
1.3E-12 
3.4E-13 
1.3E-13 
1.4E-12 
1.5E-13 

5.9E-17 
4.8E-15 
9.2E-18 
6.7E-17 
1.4E-16 
1.4E-16 
9.2E-18 
9.2E-18 
1.4E-16 
O.OE+OO 
6.4E-17 
2.7E-17 
2.4E-16 
4.8E-19 
4.3E-17 
1.3E-19 
4.8E-19 
2.4E-16 
2.4E-16 
6.4E-17 
2.5E-17 
2.7E-16 
2.8E-17 
6.3E-18 
5.1E-17 
4.1E-15 
7.9E-18 
5.8E-17 
1.2E-16 
1.2E-16 
8.OE-18 
8.OE-18 
1.2E-16 
0 .OE+OO 
6.1E-17 
2.6E-17 
2.3E-16 
4.5E-19 
4.1E-17 
1.3E-19 
3.8E-19 
2.3E-16 
2.3E-16 
6.1E-17 
2.4E-17 
2.5E-16 
2.7E-17 

4.8E-17 
3.9E-15 
7.5E-18 
5.5E-17 
1.2E-16 
1.1E-16 
7.6E-18 
7.6E-18 
1.2E-16 

5.2E-17 
2.2E-17 
2.OE-16 
3.5E-19 
3.SE-17 
1.1E-19 
3.OE-19 
2.OE-16 
2.OE-16 
5.2E-17 
2.1E-17 
2.2E-16 
2.3E-17 
5.2E-18 
4.2E-17 
3.4E-15 
6. SE-18 
4.7E-17 
1.OE-16 
9.7E-17 
6.6E-18 
6.6E-18 
1.OE-16 
0 .OE+OO 
5.OE-17 
2.1E-17 
1.9E-16 
3.2E-19 
3.4E-17 
1.OE-19 
2.4E-19 
1.9E-16 
1.9E-16 
5.OE-17 
2.OE-17 
2.1E-16 
2.2E-17 

0 .OE+OO 

1.1E-16 
8.7E-15 
1.7E-17 
1.2E-16 
2.6E-16, 
2. SE-16 
1.7E-17 
1.7E-17 
2.6E-16 
O.OE+OO 
1.2E-16 
4.9E-17 
4.3E-16 
8.3E-19 
7.8E-17 
2.4E-19 
7.8E-19 
4.3E-16 
4.3E-16 
1.2E-16 
4.6E-17 
4.8E-16 
5.1E-17 
1.1E-17 
9.3E-17 
7.5E-15 
1.4E-17 
1.1E-16 
2.2E-16 
2.2E-16 
1. 5E-17 
1.5E-17 
2.2E-16 

1.1E-16 
4.6E-17 
4.2E-16 
7.7E-19 
7.5E-17 
2.3E-19 
6.2E-19 
4.2E-16 
4.2E-16 
1.1E-16 
4.4E-17 
4.6E-16 
4.8E-17 

0 .OE+OO 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cnQ/s) (pCi/&/s) 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
# S  
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
s 
S 
S 

- -  

, ., .. 

2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 

TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 

' ' PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
FtN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-22 6 

3.4E-14 
2.7E-13 
2.2E-11 
4.2E-14 
3.1E-13 
6.5E-13 
6.3E-13 
4.3E-14 
4.3E-14 
6.5E-13 
1.8E-04 
3.1E-13 
1.3E-13 
1.2E-12 
2.2E-15 
2.1E-13 
6.4E-16 
1.3E-15 
1.2E-12 
1.2E-12 
3.1E-13 
1.2E-13 
1.3E-12 ' 

1.4E-13 ' 
3.1E-14 
2 5E-13 
2.OE-11 
3.9E-14 
2.8E-13 
6.OE-13 
5.8E-13 
3.9E-14 
3.9E-14 
6.OE-13 
1.7E-04 
3.OE-13 
1.2E-13 
1.1E-12 
2.OE-15 
2.OE-13 
6.2E-16 
1.1E-15 
1.1E-12 
1.1E-12 
3.OE-13 
1.2E-13 
1.2E-12 

6.OE-18 
4.9E-17 
4.OE-15 
7.6E-18 
5.5E-17 
1.2E-16 
1.1E-16 
7.7E-18 
7.7E-18 
1.2E-16 
0 .OE+OO 
5.6E-17 
2.3E-17 
2.1E-16 
3.9E-19 
3.8E-17 
1.2E-19. 
2.4E-19 
2.1E-16 
2.1E-16 
5.6E-17 
2.2E-17 
2.3E-16 
2.4E-17 
5.6E-18 
4.5E-17 
3.6E-15 
7.OE-18' 
5.1E-17 
1.1E-16 
1.OE-16 
7.1E-18 
7.1E-18 
1.1E-16 

5.4E-17 
2.2E-17 
2.OE-16 
3.6E-19 
3.6E-17 
1.1E-19 
1.9E-19 
2.OE-16 
2.OE-16 
5.4E-17 
2.1E-17 
2.2E-16 

O.OE+OO 

4.9E-18 
4.OE-17 
3.2E-15 
6.2E-18 
4.5E-17 
9.6E-17 
9.3E-17 
6.3E-18 
6.3E-18 
9.6E-17 
0 .OE+OO 
4.6E-17 
1.9E-17 
1.7E-16 
2.8E-19 
3.1E-17 
9.4E-20 
1.5E-19 
1.7E-16 
1.7E-16 
4.6E-17 
1.8E-17 
1.9E-16 
2.OE-17 
4.6E-18 
3.7E-17 
3.OE-15 
S.7E-18 
4.2E-17 
8.8E-17 
8.6E-17 
5.8E-18 
5.83-18 
8.8E-17 
0 .OE+OO 
4.4E-17 
1.8E-17 
1.7E-16 
2.6E-19 
3.OE-17 
9.OE-20 
1.2E-19 
1.713-16 
1.7E-16 
4.4E-17 
1.7E-17 
1.8E-16 

1.1E-17 
8.9E-17 
7.2E-15 
1.4E-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.1E-16 
O.OE+OO 
1.OE-16 
4.2E-17 
3.8E-16 
6.7E-19 
6.9E-17 
2.1E-19 
3-93-19 , .  
3.8E-16 
3.8E-16 
1.OE-16 
4.OE-17 
4.2E-16 
4.5E-17 
1.OE-17 
8.2E-17 
6.6E-15 
1.3E-17 
9.3E-17 

I 2.OE-16 
1.9E-16 
1.3E-17 
1.3E-17 
2.OE-16 
O.OE+OO 
9.8E-17 
4.1E-17 
3.7E-16 
6.3E-19 
6.6E-17 
2.OE-19 
3.. 2E-19 
3.7E-16 
3.7E-16 
9.8E-17 
3.9E-17 
4.1E-16 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

D r y  Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide ( pCi /L) ( S i  /cm2 / s 1 ( pCi /cm2 / s ) ( pCi /cm2 / s ) 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

S 
S 
S 
S 
S 
S 

SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 

s 

2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500. 
3500 
3500 
3500 
3500 
3500 
3500 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TU-227 
TH-228 

~ ~ - 2 3 1  
TU-230 

TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-2 10 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 

1.3E-13 
3.OE-14 
2.4E-13 
1.9E-11 
3.7E-14 
2.7E-13 
5.7E-13 
5.6E-13 
3.8E-14 
3.8E-14 
5.7E-13 
1.3E-04 
2.2E-13 
9.2E-14 
8.4E-13 
1.2E-15 
1.5E-13 
4. 5E-16 
1.9E-16 
8.4E-13 
8.4E-13 
2.2E-13 
8.9E-14 
9.4E-13 
9.8E-14 
2.2E-14 
1.8E-13 
1.5E-11 
2.8E-14 
2.OE-13 
4.3E-13 
4.2E-13 
2.8E-14 
2'. 8E-14 
4.3E-13 
2.6E-04 
4.8E-13 
2.1E-13 
1.8E-12 
6.3E-15 
3.2E-13 
1.OE-15 
3.4E-13 
1.8E-12 
1.8E-12 
4.8E-13 
1.9E-13 

2.4E-17 
5.3E-18 
4.3E-17 
3.5E-15 
6.7E-18 
4.9E-17 
1.OE-16 
1.OE-16 
6.8E-18 
6.8E-18 
1.OE-16 
O.OE+OO 
4.OE-17 
1.7E-17 
1.5E-16 
2.2E-19 
2.7E-17 
8.23-20 
3.5E-20 
1.5E-16 
1.5E-16 
4.OE-17 
1.6E-17 
1.7E-16 
1.8E-17 
4.OE-18 
3.3E-17 
2.6E-15 
5.OE-18 
3.7E-17 
7.7E-17 
7.6E-17 
5.1E-18 
5.1E-18 
7.7E-17 
0 .OE+OO 
8.6E-17 
3.8E-17 
3.2E-16 
1.1E-18 
5.8E-17 
1.9E-19 
6.2E-17 
3.2E-16 
3.2E-16 
8.6E-17 
3.4E-17 

1.9E-17 
4.4E-18 
3.6E-17 
2.9E-15 
5.5E-18 
4.OE-17 
8.5E-17 
8.3E-17 
5.6E-18 
5.6E-18 
8.5E-17 
O.OE+OO 
3.4E-17 
1.4E-17 
1.3E-16 
1.7E-19 
2.3E-17 
6.7E-20 
2.4E-20 
1.3E-16 
1.3E-16 
3.4E-17 
1.3E-17 
1.4E-16 
1.5E-17 
3.3E-18 
2.7E-17 
2.2E-15 
4.2E-18 
3.1E-17 
6.5E-17 
6.3E-17 
4.2E-18 
4.2E-18 
6.5E-17 
0 .OE+OO 
6.4E-16 
2.8E-16 
2.4E-15 
7.9E-18 
4.3E-16 
1.4E-18 
2.OE-16 
2.4E-15 
2.4E-15 
6.4E-16 
2.5E-16 

4.3E-17 
9.7E-18 
7.9E-17 
6.4E-15 
1.2E-17 
8.9E-17 
1.9E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.9E-16 

7 4E-17 
3.OE-17 
2.8E-16 
3.8E-19 
5.OE-17 
1.5E-19 
5.93-20 
2.8E-16 
2.8E-16 
7.4E-17 
2.9E-17 
3.1E-16 
3.2E-17 
7.3E-18 
6.OE-17 
4.8E-15 
9.2E-18 
6.7E-17 
1.4E-16 
1.4E-16 
9.3E-18 
9.3E-18 
1.4E-16 

7.2E-16 
3.2E-16 
' 2.7E-15 
9.OE-18 
4.9E-16 
1.6E-18 
2.6E-16 
2.7E-15 
2.7E-15 
7.213-16 
2.9E-16 

O.OE+OO 

0 .OE+OO 

000306 
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D W  Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cmZ/s) 
Wind Distance Concentration Rate Rate Rate 

SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
S SE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
700 
700 
700 
700 
700 
700 
700 
700 
7 00 
700 
700 

RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 

2.OE-12 
2.1E-13 
4.8E-14 
3.9E-13 
3.1E-11 
6.OE-14 
4.4E-13 
9.2E-13 
9.OE-13 
6.OE-14 
6.OE-14 
9.2E-13 
3.4E-04 
6.2E-13 
2.7E-13 
2.3E-12 
7.8E-15 
4.2E-13 
1.3E-15 
2.4E-13 
2.3E-12 
2.3E-12 
6.2E-13 
2.5E-13 
2.6E-12 
2.7E-13 
6.2E-14 
5.OE-13 
4.OE-11 
7.8E-14 
5.6E-13 
1.2E-12 
1.2E-12 
7.8E-14 
7.8E-14 
1.2E-12 
4.2E-04 
7.6E-13 
3.3E-13 
2.9E-12 
8.9E-15 
5.2E-13 
1.6E-15 
1.6E-13 
2.9E-12 
2.9E-12 
7.6E-13 

3.6E-16 
3. BE-17 
8.6E-18 
6.9E-17 
5.6E-15 
1.1E-17 
7.8E-17 
1.7E-16 
1.6E-16 
1.1E-17 
1.1E-17 
1.7E-16 
O.OE+OO 
1.1E-16 
4.9E-17 
4.2E-16 
1.4E-18 
7.6E-17 
2.4E-19 
4.4E-17 
4.2E-16 
4.2E-16 
1.1E-16 
4.4E-17 
4.7E-16 
4.9E-17 
1.1E-17 
9.OE-17 
7.3E-15 
1.4E-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.1E-16 
O.OE+OO 
1.4E-16 
6.OE-17 
5.2E-16 
1.6E-18 
9.3E-17 
2.9E-19 
3.OE-17 
5.2E-16 
5.2E-16 
1.4E-16 

2.7E-15 
2.8E-16 
6.3E-17 
5.1E-16 
4.2E-14 
8.OE-17 

1.2E-15 
1.2E-15 
8.1E-17 
8.1E-17 
1.2E-15 
0 .OE+OO 
3.8E-16 
1.7E-16 
1.4E-15 
4.3E-18 
2.6E-16 
8.1E-19 
6.4E-17 
1.4E-15 
1.4E-15 
3.8E-16 
1.5E-16 
1.6E-15 
1.7E-16 
3.8E-17 
3.1E-16 
2.5E-14 
4.8E-17 
3.5E-16 
7.3E-16 
7.2E-16 
4.8E-17 
4.8E-17 
7.3E-16 
O.OE+OO 
2.7E-16 
1.2E-16 
1.OE-15 
2.8E-18 
1.8E-16 
5.8E-19 
2.8E-17 
1.OE-15 
1.OE-15 
2.7E-16 

5 .  a~-16 

3.OE-15 
3.2E-16 
7.2E-17 
5.8E-16 
4.7E-14 . 
9.1E-17 
6.6E-16 
1.4E-15 
1.4E-15 
9.1E-17 
9.1E-17 
1.4E-15 

4.9E-16 
2.1E-16 
1.9E-15 
5.7E-18 
3.3E-16 
1.1E-18 
1.1E-16 
1.9E-15 
1.9E-15 
4.9E-16 
2.OE-16 
2.1E-15 
2.2E-16 
4.9E-17 
4.013-16 
3.2E-14 
6.2E-17 
4.5E-16 
9.5E-16 
9.2E-16 
6.2E-17 
6.2E-17 
9.5E-16 

4.1E-16 
1.8E-16 
1. SE-15 
4.4E-18 
2. BE-16 
8.7E-19 
5. BE-17 
1.5E-15 
1.5E-15 
4.1E-16 

0. OE+O'O 

0. OE+OO 

000307 
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D r y  Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cd/s) (PCi/ca/s) (PCi/Cd/s) 
Wind Distance Concentration Rat e Rate Rate 

SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 

700 
700 
700 
700 
7 00 
700 
700 
700 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
13 00 
1300 
1300 

RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
31-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 

3.OE-13 
3.2E-12 
3.3E-13 
7.6E-14 
6.1E-13 
5.OE-11 
9.6E-14 
6.9E-13 
1.5E-12 

' 1.4E-12 
9.6E-14 
9.6E-14 
1. 5E-12 
4.5E-04 
8.1E-13 
3.5E-13 
3.1E-12 
8.5E-15 
5.5E-13 
1.7E-15 
8.OE-14 
3.1E-12 
3.1E-12 
8.1E-13 
3.2E-13 
3.4E-12 
3.6E-13 
8.1E-14 
6.6E-13 
5.3E-11 
1.OE-13 
7.4E-13 
1.6E-12 
1.5E-12 
1.OE-13 
1.OE-13 
1.6E-12 
4.OE-04 
7.1E-13 
3.1E-13 
2.7E-12 
6.7E-15 
4.8E-13 
1.5E-15 
3.7E-14 
2.7E-12 
2.7E-12 

5.4E-17 
5.7E-16 
6.OE-17 
1.4E-17 
1.1E-16 
8.9E-15 
1.7E-17 
1.2E-16 
2.6E-16 
2.6E-16 
1.7E-17 
1.7E-17 
2.6E-16 
0 .OE+OO 
1.5E-16 
6.3E-17 
5.5E-16 
1.5E-18 
9.9E-17 
3.1E-19 
1.4E-17 
5 5E-16 
5.5E-16 
1.5E-16 
5.8E-17 
6.1E-16 
6.4E-17 
1.5E-17 
1.2E-16 
9.5E-15 
1.8E-17 
1.3E-16 
2.8E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.8E-16 

1.3E-16 
5 .  SE-17 
4.8E-16 
1.2E-18 
8.73-17 
2.7E-19 
6.6E-18 
4.8E-16 
4.8E-16 

0 .OE+OO 

1.1E-16 
1.1E-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.8E-14 
3.4E-17 
2. SE-16 
5.2E-16 
5.1E-16 
3.4E-17 
3.4E-17 
S.2E-16 
O.OE+OO 
1.9E-16 
8.1E-17 
7.1E-16 
1.8E-18 
1.3E-16 
4.OE-19 
1.OE-17 
7.1E-16 
7.1E-16 
1.9E-16 
7.5E-17 
7.9E-16 
8.3E-17 
1.9E-17 
1.5E-16 
1.2E-14 
2.4E-17 
1.7E-16 
3.6E-16 
3.6E-16 
2.4E-17 
2.4E-17 
3.6E-16 
0 .OE+OO 
1.5E-16 
6.2E-17 
5. SE-16 
1.2E-18 
9-93-17 . 

3.OE-19 
4.3E-18 
S.5E-16 
5.5E-16 

1.6E-16 
1.7E-15 
1.8E-16 
4.1E-17 
3.3E-16 
2.7E-14 
5.2E-17 
3.7E-16 
7.9E-16 
7.7E-16 
5.2E-17 
5.2E-17 
7.9E-16 
0. OE+OO 
3.4E-16 
1.4E-16 
1.3E-15 
3.3E-18 
2.3E-16 
7.1E-19 
2.5E-17 
1.3E-15 
1.3E-15 
3.43-16 
1.3E-16 
1.4E-15 
1.5E-16 
3.3E-17 
2.7E-16 
2.2E-14 
4.2E-17 
3.1E-16 
6. SE-16 
6.3E-16 
4.2E-17 
4.2E-17 
6.5E-16 
O.OE+OO 
2.7E-16 
1.2E-16 
1.OE-15 
2.4E-18 
1.9E-16 
5.7E-19 
1.1E-17 
1.OE-15 
1.OE-15 

000308 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (gCi/cm2/s) (pCi/cm;l/s) (pCi/c&/s) 
Wind Distance Concentration Rate Rate Rate 

SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 

- -  

.,, , .1 

1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
13 00 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 

1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 
1700 
1700 
17 00 
1700 
1700 
1700 
1700 
1700 

1500' 

RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 

TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-2 3 8 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 

TX-232 

7.1E-13 
2.8E-13 
3.OE-12 
3.1E-13 
7.1E-14 
5.7E-13 
4.6E-11 
8.9E-14 
6.5E-13 
1.4E-12 
1.3E-12 
9.OE-14 
9.OE-14 
1.4E-12 
3.6E-04 
6.53-13 
2.8E-13 
2.4E-12 
5.7E-15 
4.4E-13 
1.4E-15 
2.2E-14 
2.4E-12 
2.4E-12 
6. 5E-13 
2.6E-13 
2.7E-12 
2.8E-13 
6.4E-14 
5.2E-13 
4.2E-11 
8.1E-14 
,5.9E-13 
1.2E-12 
1.2E-12 
8.2E-14 
8.2E-14 
1.2E-12 
3.3E-04 
S.9E-13 
2. 5E-13 
2.2E-12 
4.8E-15 
4.OE-13 
1.2E-15 
1.4E-14 
2.2E-12 

1.3E-16 
S .1E-17 
5.3E-16 
5.6E-17 
1.3E-17 
1.OE-16 
8.3E-15 
1.6E-17 
1.2E-16 
2.5E-16 
2.4E-16 
1.6E-17 
1.6E-17 
2. SE-16 
0. OE+OO 
1.2E-16 
5.OE-17 
4.4E-16 
1.OE-18 
7.9E-17 
2.4E-19 
4.OE-18 
4.4E-16 
4.4E-16 
1.2E-16 
4.6E-17 
4.9E-16 
5.1E-17 
1.2E-17 
9.4E-17 
7.6E-15 
1. 5E-17 
1.1E-16 
2.2E-16 
2.2E-16 
1.5E-17 
1.5E-17 
2.2E-16 
O.OE+OO 
1.1E-16 
4. 5E-17 
4.OE-16 
8.7E-19 
7.2E-17 
2.2E-19 
2.5E-18 
4.OE-16 

1.5E-16 
5.8E-17 
6.1E-16 
6.4E-17 
1.4E-17 
1.2E-16 
9.5E-15 
1.8E-17 
1.3E-16 
2.8E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.8E-16 
O.OE+OO 
1.3E-16 
5.3E-17 
4.7E-16 
9.5E-19 
8.5E-17 
2.6E-19 
2.5E-18 
4.7E-16 
4.7E-16 
1.3E-16 
5.OE-17 
5.2E-16 
5.5E-17 
1.2E-17 
1.OE-16 
8.2E-15 
1.6E-17 
1.1E-16 
2.4E-16 
2.4E-16 
1.6E-17 
1.6E-17 
2.4E-16 

1.1E-16 
4.7E-17 
4.2E-16 
7.8E-19 
7. SE-17 
2.3E-19 
1.5E-18 
4.2E-16 

O.OE+OO 

2.7E-16 
1.1E-16 
1.lE-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.8E-14 
3.4E-17 
2. SE-16 
5.3E-16 
5.1E-16 
3. SE-17 
3.5E-17 
5.3E-16 
0 .OE+OO 
2.4E-16 
1.OE-16 
9.1E-16 
2.OE-18 
1.6E-16 
5.1E-19 
6.5E-18 
9.1E-16 
9.1E-16 
2.4E-16 
9.6E-17 
1.OE-15 
1.1E-16 
2.4E-17 
2.OE-16 
1.6E-14 
3.OE-17 
2.2E-16 
4.6E-16 
4.5E-16 
3.1E-17 
3.1E-17 
4.6E-16 

' O.OE+OO 
2.2E-16 
9.2E-17 
8.1E-16 
1.7E-18 
1. SE-16 
4. SE-19 
4.OE-18 
8.1E-16 
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Wet Ground Dry 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/&/S) (pCi/Cd/S) 
Wind Distance Concentration Rate Rate Rate 

SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 

. ' .  

1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 

. *  - .  

PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 

2.2E-12 
5.9E-13 
2.3E-13 
2.5E-12 
2.6E-13 
5.9E-14 
4.8E-13 
3.8E-11 
7.4E-14 
5.4E-13 
1.1E-12 
1.1E-12 
7.4E-14 
7.4E-14 
1.1E-12 
2.9E-04 
5.213-13 
2.2E-13 
2.OE-12 
3.8E-15 
3.5E-13 
1.1E-15 
6.812-15 
2.OE-12 
2.OE-12 
5.2E-13 
2.1E-13 
2.2E-12 
2.3E-13 
5.2E-14 
4.2E-13 
3.4E-11 
6. 5E-14 
4.7E-13 
1.OE-12 
9.7E-13 
6.6E-14 
6.6E-14 
1.OE-12 
2.6E-04 
4.6E-13 
1.9E-13 
1.7E-12 
3.1E-15 
3.1E-13 
9.6E-16 
3.5E-15 

4.OE-16 
1.1E-16 
4.2E-17 
4.4E-16 
4.6E-17 
1.1E-17 
8.6E-17 
6.9E-15 
1.3E-17 
9.6E-17 
2.OE-16 
2.OE-16 
1.3E-17 
1.3E-17 
2.OE-16 

9 : 3E-17 
3.9E-17 
3.56-16 
6.9E-19 
6.3E-17 
1.9E-19 
1.2E-18 
3.5E-16 
3.5E-16 
9.3E-17 
3.7E-17 
3.9E-16 
4.1E-17 
9.3E-18 
7.5E-17 
6.1E-15 
1.2E-17 
8. SE-17 
1.8E-16 
1.7E-16 
1.2E-17 
1.2E-17 
1.8E-16 

0 .OE+OO 

0 .OE+OO 
8.4E-17 
3.5E-17 
3.1E-16 
5 .  SE-19 
5.7E-17 
1.7E-19 
6.2E-19 

4.2E-16 
1.1E-16 
4.4E-17 
4.6E-16 
4.8E-17 
1.1E-17 
8.9E-17 
7.2E-15 
1.4E-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.1E-16 

9.4E-17 
3.9E-17 
3.5E-16 
5.9E-19 
6.3E-17 
1.9E-19 
7.6E-19 
3.5E-16 
3.5E-16 
9.4E-17 
3.7E-17 
3.91~-16 
4.lE-17 
9.313-18 
7.5E-17 
6.1E-15 
1.2E-17 
8.53-17 
1.8E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.8E-16 
O.OE+OO 

0 .OE+OO 

8.1E-17 
3.4E-17 
3.OE-16 
4.6E-19 
5.5E-17 
1.7E-19 
3.9E-19 

8.1E-16 
2.2E-16 
8.6E-17 
9.OE-16 
9.5E-17 
2.2E-17 
1.7E-16 
1.4E-14 
2 -7E-17 
2.OE-16 
4.2E-16 
4.1E-16 
2.7E-17 
2.7E-17 
4.2E-16 
0 .OE+OO 
1.9E-16 
7.8E-17 
7.OE-16 
1.3E-18 
1.3E-16 
3.9E-19 
2.OE-18 
7.OE-16 
7.OE-16 
1.9E-16 
7.4E-17 
7.8E-16 
8.2E-17 
1.9E-17 
1. SE-16 
1.2E-14 
2.3E-17 
1.7E-16 
3.6E-16 
3.5E-16 
2.4E-17 
2.4E-17 
3.6E-16 
0 .OE+OO 
1.6E-16 
6.8E-17 
6.2E-16 
1.OE-18 
1.1E-16 
3.4E-19 
1.OE-18 

000310 
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4 2 6 1  

ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Wet Ground Dry 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rat e Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (gCi/cm2/s) (pCi/cm2/s) 

SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
S SE 
SSE 
SSE 

- -  

.. 

2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 

PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 

U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-2 3 1 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 

TH-234 

1.7E-12 
1.7E-12 
4.6E-13 
1.8E-13 
1.9E-12 
2.OE-13 
4.6E-14 
3.7E-13 
3.OE-11 
5.8E-14 
4.2E-13 
8.9E-13 
8.7E-13 
5.9E-14 
5.9E-14 
8.9E-13 
2.5E-04 
4.5~3-13 
1.9E-13 
1.7E-12 
2.9E-15 
3.OE-13 
9.2E-16 
2.8E-15 
1.7E-12 
1.7E-12 
4.5E-13 
1.8E-13 
1.9E-12 
2.OE-13 
4.5E-14 
3.6E-13 
2.9E-11 
5.6E-14 
4.1E-13 
8.6E-13 
8.4E-13 
5.7E-14 
5.7E-14 
8.6E-13 
2.4E-04 
4.2E-13 
1.7E-13 
1.6E-12 
2.5E-15 
2.9E-13 
8.6E-16 

3.1E-16 
3.1E-16 
8.4E-17 
3.3E-17 
3.5E-16 
3.7E-17 
8.3E-18 
6.7E-17 
5.4E-15 
1.OE-17 
7.6E-17 
1.6E-16 
1.6E-16 
1.1E-17 
1.1E-17 
1.6E-16 
0 .OE+OO 
8.1E-17 
3.4E-17 
3.OE-16 
5.1E-19 
5 :5E-17 
1.7E-19 
5.OE-19 
3.OE-16 
3.OE-16 
8.1E-17 
3.2E-17 
3.4E-16 
3.5E-17 
8.OE-18 
6. SE-17 
5.3E-15 
1.OE-17 
7.3E-17 
1.6E-16 
1. SE-16 
1.OE-17 
1.OE-17 
1.6E-16 
0 .OE+OO 
7.6E-17 
3.1E-17 
2.9E-16 
4.5E-19 
5.1E-17 
1.5E-19 

3.OE-16 
3.OE-16 
8.1E-17 
3.2E-17 
3.4E-16 
3. SE-17 
8.OE-18 
6.5E-17 
5.3E-15 
1.OE-17 
7.4E-17 
1.6E-16 
1.5E-16 
1.OE-17 
1.OE-17 
1.6E-16 
O.OE+OO 
7.7E-17 
3.2E-17 
2.9E-16 
4.3E-19 
5.2E-17 
1.6E-19 
3.1E-19 
2.9E-16 
2.9E-16 
7.7E-17 
3.1E-17 
3.2E-16 
3.4E-17 
7.7E-18 
6.2E-17 
5.OE-15 
9.6E-18 
7.OE-17 
1. SE-16 
1.53-16 
9.8E-18 
9.8E-18 
1.5E-16 
O.OE+OO 
7.1E-17 
2.9E-17 
2.7E-16 
3.7E-19 
4.8E-17 
1.4E-19 

6.2E-16 
6.2E-16 
1.6E-16 
6. SE-17 
6.9E-16 
7.2E-17 
1.6E-17 
1.3E-16 
1.1E-14 
2.1E-17 
1.5E-16 
3.2E-16 
3.1E-16 
2.1E-17 
2.1E-17 
3.2E-16 

1.6E-16 
6.6E-17 
6.OE-16 
9.4E-19 
1.1E-16 
3.2E-19 
8.1E-19 
6.OE-16 
6.OE-16 
1.6E-16 
6.3E-17 
6.6E-16 
6.9E-17 
1.6E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1.4E-16 
3.OE-16 
3.OE-16 
2.OE-17 
2.OE-17 
3.OE-16 

O.OE+OO 

O.OE+OO 
1. SE-16 
6.1E-17 
5.5E-16 
8.1E-19 
1.OE-16 
3.OE-19 

0003A1 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

D r y  Wet Ground 
Air Deposition Deposition Deposit-ion 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cmZ/s) (pCi/Cd/s) 
Wind Distance Concentration Rate Rate Rate 

SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 

SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 

. SSE 

2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 

PA- 2 3 4M 
PB-210 
PO-210 
FtA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
FA-223 
FtA-224 
FA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 

1. BE-15 
1.6E-12 
1.6E-12 
4.2E-13 
1.7E-13 
1. BE-12 
1. BE-13 
4.2E-14 
3.4E-13 
2.7E-11 
5.2E-14 
3. BE-13 
8.1E-13 
7.9E-13 
5.3E-14 
5.3E-14 
8.1E-13 
2.3E-04 
4.1E-13 
1.7E-13 
1. 5E-12 
2.3E-15 
2. BE-13 
8.3E-16 
1.4E-15 
1. SE-12 
1. 5E-12 
4.1E-13 
1.6E-13 
1.7E-12 
1. BE-13 
4.1E-14 
3.3E-13 
2.7E-11 
5.1E-14 
3.7E-13 
7. BE-13 
7.7E-13 
5.2E-14 
5.2E-14 
7. BE-13 
1.9E-04 
3.2E-13 
1.3E-13 
1.2E-12 
1.4E-15 
2.2E-13 

3.2E-19 
2.9E-16 
2.9E-16 
7-61-17 
3.OE-17 
3.2E-16 
3.3E-17 
7. 5E-18 
6.1E-17 
4.9E-15 
9.4E-18 
6.9E-17 
1.5E-16 
1.4E-16 
9.6E-18 
9.6E-18 
1.5E-16 
0 .OE+OO 
7.4E-17 
3.OE-17 
2.8E-16 
4.2E-19 
5.OE-17 
1. SE-19 
2.6E-19 
2.8E-16 
2. BE-16 
7.4E-17 
2.9E-17 
3.1E-16 
3.2E-17 
7.3E-18 
5.9E-17 
4.8E-15 
9.2E-18 
6.7E-17 
1.4E-16 
1.4E-16 
9 :3E-18 
9.3E-18 
1.4E-16 
0 .OE+OO 
5. BE-17 
2.3E-17 
2.2E-16 
2. SE-19 
3.9E-17 

2.OE-19 
2.7E-16 
2.7E-16 
7.1E-17 
2.8E-17 
3.OE-16 
3.1E-17 
7.1E-18 
5.7E-17 
4.6E-15 
8.9E-18 
6. 5E-17 
1.4E-16 
1.3E-16 
9.OE-18 
9.OE-18 
1.4E-16 

6. BE-17 
2. BE-17 
2.6E-16 
3.4E-19 
4.6E-17 
1.4E-19 
1.7E-19 
2.6E-16 
2.6E-16 
6.8E-17 
2.7E-17 
2.9E-16 
3.OE-17 
6. BE-18 
5.5E-17 
4.5E-15 
8.5E-18 
6.2E-17 
1.3E-16 
1.3E-16 
8.7E-18 
8.7E-18 
1.3E-16 

5.2E-17 
2.1E-17 
2.OE-16 
2.OE-19 
3.5E-17 

0. OE+OO 

0 .OE+OO 

5.3E-19 
5 .  5E-16 
5.5E-16 
1.5E-16 
5 .  BE-17 
6.1E-16 
6.4E-17 
1.5E-17 
1.2E-16 
9.6E-15 
1. BE-17 
1.3E-16 
2. BE-16 
2.8E-16 
1.9E-17 
1.9E-17 
2. BE-16 
O.OE+OO ' 
1.4E-16 
5-83-17 , 

5.3E-16 
7.6E-19 
9.6E-17 
2.9E-19 
4.3E-19 
5.3E-16 
5.3E-16 
1.4E-16 
5.6E-17 
5.9E-16 
6.2E-17 
1.4E-17 
1.1E-16 
9.2E-15 
1.8E-17 
1.3E-16 
2.7E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.7E-16 

1.1E-16 
4.4E-17 
4.1E-16 
4.5E-19 

0. OE+OO 

7.5E-17 
00031L2 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s)(pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SSE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

- .  

. ,  

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
500 
500 
500 
500 
500 

PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 

6.4E-16 
2.7E-16 
1.2E-12 
1.2E-12 
3.2E-13 
1.3E-13 
1.3E-12 
1.4E-13 
3.2E-14 
2.6E-13 
2.1E-11 
4.OE-14 
2.9E-13 
6.2E-13 
6.OE-13 
4.1E-14 
4.1E-14 
6.2E-13 
3.4E-04 
6.2E-13 
2.7E-13 
2.3E-12 
8.1E-15 
4.2E-13 
1.3E-15 
4.3E-13 
2.3E-12 
2.3E-12 
6.2E-13 
2.4E-13 
2.6E-12 
2.7E-13 
6.1E-14 
5.OE-13 
4.OE-11 
7.8E-14 
5.6E-13 
1.2E-12 
1.2E-12 
7.8E-14 
7.8E-14 
1.2E-12 
4.1E-04 
7.5E-13 
3.3E-13 
2.8E-12 
9.3E-15 

1.2E-19 
4.9E-20 
2.2E-16 
2.2E-16 
5.8E-17 
2.3E-17 
2.4E-16 
2.5E-17 
5.8E-18 
4.7E-17 
3.8E-15 
7.2E-18 
5.3E-17 
1.1E-16 
1.1E-16 
’I. 3E-18 
7: 3E-18 
1.1E-16 
O.OE+OO 
1.1E-16 
4.9E-17 
4.2E-16 
1. SE-18 
7.5E-17 
2.4E-19 
7.8E-17 
4.2E-16 
4.2E-16 
1.1E-16 
4.4E-17 
4.6E-16 
4.9E-17 
1.1E-17 
9.OE-17 
7.2E-15 
1.4E-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.1E-16 
O.OE+OO 
1.3E-16 
5.9E-17 
5.1E-16 
1.7E-18 

i.o~-i9 
3.3E-20 
2.OE-16 
2.OE-16 
5.2E-17 
2.1E-17 
2.2E-16 
2.3E-17 
5.2E-18 
4.2E-17 
3.4E-15 
6.4E-18 
4.7E-17 
1.OE-16 
9.8E-17 
6.63-18 
6.6E-18 
l- OE-16 
O.OE+OO 
9.8E-16 
4.3E-16 
3.7E-15 
1.2E-17 
6.7E-16 
2.1E-18 
2.4E-16 
3.7E-15 
3.7E-15 
9.8E-16 
.3.9E-16 
4.1E-15 
4.3E-16 
9.8E-17 
7.9E-16 
6.4E-14 
1.2E-16 
8.9E-16 
1.9E-15 
1.8E-15 
1.23-16 
1.2E-16 
1.9E-15 
O.OE+OO 
5.9E-16 
2.SE-16 
2.2E-15 
6.4E-18 

2.2E-19 
8.2E-20 
4.1E-16 
4.1E-16 
1.1E-16 
4.4E-17 
4.6E-16 
4.8E-17 
1.1E-17 
8.9E-17 
7.2E-15 
1.4E-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.1E-16 

1.1E-15 
4.8E-16 
4.1E-15 
1.3E-17 
7.4E-16 
2.3E-18 
3.2E-16 
4.1E-15 
4.1E-15 
1.1E-15 
4.3E-16 
4.6E-15 
4.8E-16 
1.1E-16 
8.8E-16 
7.1E-14 
1.4E-16 
9.9E-16 
2.1E-15 
2.OE-15 
1.4E-16 
1.4E-16 
2.1E-15 
0 .OE+OO 
7.2E-16 
3.1E-16 
2.7E-15 
8.1E-18 

O.OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Wet Ground Dry 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCI/L) (pCi/cm2/s) (pCi/cmZ/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

SE 

500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500  
500 
500 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
7 00 
700 
700 
700 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 

PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
m-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 

5.1E-13 9.1E-17 
1.6E-15 2.9E-19 
3.03-13 5.3E-17 
2.8E-12 5.1E-16 
2.8E-12 5.1E-16 
7.5E-13 1.3E-16 
3.OE-13 5.3E-17 
3.1E-12 5.6E-16 
3.3E-13 5.9E-17 
7.4E-14 1 -3E-17 
6.OE-13 l.lE-16 
4.9E-11 8.8E-15 
9.4E-14 1.7E-17 
6.8E-13 1.2E-16 
1.4E-12 2.6E-16 
1.4E-12 2.5E-16 
9.53-14 1.7E-17. 
9.5E-14 1.7E-17 
1.4E-12 2.6E-16 
5.OE-04 O.OE+OO 
9.OE-13 1.6E-16 
3.9E-13 7.1E-17 
3.4E-12, 6.1E-16 
1.1E-14 ' 1.9E-18 
6.1E-13 l.lE-16 
1.9E-15 3.53-19 
2.OE-13 3.53-17 
3.43-12 6.1E-16' 
3.4E-12 6.1E-16 
9.OE-13 1.6E-16 
3.63-13 6.53-17 
3.8E-12 6.8E-16 
4.OE-13 7.1E-17 
9.OE-14 1.6E-17 
7.3E-13 1.3E-16 
5.9E-11 l.lE-14 
l.lE-13 2.OE-17 
8.2E-13 1.5E-16 
1.7E-12 3.1E-16 
1.7E-12 3.OE-16 
l.lE-13 2.1E-17 
l.lE-13 2.1E-17 
1.7E-12 3.1E-16 
5.4E-04 O.OE+OO 
9.7E-13 1.8E-16 
4.2E-13 7.5E-17 
3.7E-12 6.6E-16 

4.OE-16 
1.3E-18 
7.6E-17 
2.2E-15 
2.2E-15 
5.9E-16 
2.3E-16 
2. SE-15 
2.6E-16 
5.8E-17 
4.7E-16 
3.8E-14 
7.4E-17 
5.3E-16 
1.1E-15 
1.1E-15 
7.4E-17 
7.4E-17 
1.1E-15 
O.OE+OO 
4.2E-16 
1.8E-16 
1.6E-15 
4.2E-18 
2.8E-16 
8.9E-19 
3.3E-17 
1.6E-15 
1.6E-15 
4.2E-16 
1.7E-16 
1.7E-15 
1.8E-16 
4.2E-17 
3.4E-16 
2.7E-14 
5.3E-17 
3.8E-16 
8.OE-16 
7.8E-16 
5.3E-17 
5.3E-17 
8.OE-16 

2.9E-16 
1.2E-16 
1.1E-15 

0 .OE+OO 

4.9E-16 
1.5E-18 
1.3E-16 
2.7E-15 
2.7E-15 
7.2E-16 
2.9E-16 
3.OE-15 
3.2E-16 
7.2E-17 
5.8E-16 
4.7E-14 
9.1E-17 
6.6E-16 
1.4E-15 
1.4E-15 
9.1E-17 
9.1E-17 , .  
1.4E-15 
O.OE+OO . .  
5.8E-16 
2.5E-16 
2.2E-15 
6.1E-18 
3.9E-16 
1.2E-18 
6.9E-17 
2.2E-15 
2.2E-15 

* 5.83-16 
2.3E-16 
2.4E-15 
2.5E-16 
5.8E-17 
4.7E-16 
3.8E-14 
7.3E-17 
5.3E-16 
1.1E-15 
1.1E-15 
7.3E-17 
7.3E-17 
1.1E-15 
O.OE+OO 
4.7E-16 
2.OE-16 
1.8E-15 

000314 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cmZ/s) (pCi/cm2/s) 

SE 
. SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

- SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

- -  

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 ‘ 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
13 00 
1500 
1500 
1500 

FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TW-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 

1.OE-14 
6.6E-13 
2.1E-15 
9.6E-14 
3.7E-12 
3.7E-12 
9.7E-13 
3.9E-13 
4.1E-12 
4.3E-13 
9.7E-14 
7.8E-13 
6.3E-11 
1.2E-13 
8.8E-13 
1.9E-12 
1.8E-12 
1.2E-13 
1.2E-13 
1.9E-12 
4.8E-04 
8.6E-13 
3.7E-13 
3.2E-12 
8.OE-15 
5.8E-13 
1.8E-15 
4.4E-14 
3.2E-12 
3.2E-12 
8.6E-13 
3.4E-13 
3.6E-12 
3.8E-13 
8.5E-14 
6.9E-13 
5.6E-11 
1.1E-13 
7.8E-13 
1.7E-12 
1.6E-12 
1.1E-13 
1.1E-13 
1.7E-12 
4.4E-04 
7.9E-13 
3.3E-13 

1.8E-18 
1.2E-16 
3.7E-19 
1.7E-17 
6.6E-16 
6.6E-16 
1.8E-16 
6.9E-17 
7.3E-16 
7.7E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.2E-17 
1.6E-16 
3.4E-16 
3.3E-16 
2.2E-17 
2.2E-17 
3.4E-16 

1.5E-16 
6.6E-17 
5.8E-16 
1.4E-18 
1.OE-16 
3.3E-19 
7.9E-18 
5.8E-16 
5.8E-16 
1.5E-16 
6.1E-17 
6.513-16 
6.8E-17 
1.5E-17 
1.2E-16 
1.OE-14 
1.9E-17 
1.4E-16 
3.OE-16 
2.9E-16 
2.OE-17 
2.OE-17 
3.OE-16 

0 .OE+OO 

O.OE+OO 
1.4E-16 
6.OE-17 

2.5E-18 
2.OE-16 
6.1E-19 
1.2E-17 
1.1E-15 
1.1E-15 
2.9E-16 
1.2E-16 
1.2E-15 
1.3E-16 
2.9E-17 
2. QE-16 
1.9E-14 
3.7E-17 
2.7E-16 
5.6E-16 
5.5E-16 
3.7E-17 
3.7E-17 
5.6E-16 
0. OE+OO 
2.2E-16 
9.5E-17 
8.4E-16 
1.7E-18 
1.5E-16 
4.7E-19 
5.2E-18 
8.4E-16 
8.4E-16 
2.2E-16 
8.9E-17 
9.3E-16 
9.8E-17 
2.2E-17 
1.8E-16 
1. SE-14 
2.8E-17 
2.OE-16 
4.3E-16 
4.2E-16 
2.8E-17 
2.8E-17 
4.3E-16 
O.OE+OO 
1.9E-16 
8.1E-17 

4.3E-18 
3.2E-16 
9.9E-19 
3.OE-17 
1.8E-15 
1.8E-15 
4.7E-16 
1.9E-16 
2.OE-15 
2.OE-16 
4.6E-17 
3.8E-16 
3.OE-14 
5.9E-17 
4.2E-16 
9.OE-16 
8.8E-16 
5.9E-17 
5.9E-17 
9.OE-16 

3.8E-16 
1.6E-16 
1.4E-15 
3.1E-18 
2.6E-16 
7.9E-19 
1.3E-17 
1.4E-15 
1.4E-15 
3.8E-16 
1.5E-16 
1.6E-15 
1.7E-16 
3. BE-17 
3.1E-16 
2. SE-14 
4.7E-17 
3.4E-16 
7.3E-16 
7.1E-16 
4.8E-17 
4.8E-17 
7.3E-16 

O.OE+OO 

O.OE+OD 
3.3E-16 
1.4E-16 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cmZ/s) (pCi/cmZ/s) 
Wind Distance Concentration Rate Rate Rate 

SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE ’ 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

( . I  

a ” - - *  

1500 
1500 
1500 
1500, 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
lS00 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 

BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 

3.0E-12 
6.8E-15 
5.3E-13 
1.6E-15 
2.7E-14 
3.OE-12 
3.OE-12 
7.9E-13 
3.1E-13 
3.3E-12 
3.4E-13 
7.8E-14 
6.3E-13 
5.1E-11 
9.9E-14 
7.2E-13 
1.5E-12 
1.5E-12 
9.9E-14 
9.9E-14 
1. SE-12 
4.1E-04 
7.2E-13 
3.1E-13 
2.7E-12 
5.8E-15 
4.9E-13 
1.5E-15 
1.6E-14 
2.7E-12 
2.7E-12 
7.2E-13 
2.9E-13 
3.OE-12 
3.2E-13 
7.2E-14 
5.8E-13 
4.7E-11 
9.OE-14 
6.6E-13 
1.4E-12 
1.4E-12 
9.1E-14 
9.1E-14 
1.4E-12 
3.6E-04 
6.4E-13 

5.3E-16 
1.2E-18 
9.6E-17 
3.OE-19 
4.8E-18 
5.3E-16 
5.3E-16 
1.4E-16 
5.6E-17 
5.9E-16 
6.2E-17 
1.4E-17 
1.1E-16 
9.2E-15 
1.8E-17 
1.3E-16 
2.7E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.7E-16 
O.OE+OO 
1.3E-16 
5.5E-17 
4.9E-16 
1.OE-18 
8.8E-17 
2.7E-19 
2.9E-18 
4.9E-16 
4.9E-16 
1.3E-16 
5.2E-17 
5.4E-16 
5.7E-17 
1.3E-17 
1.OE-16 
8.5E-15 
1.6E-17 
1.2E-16 
2. SE-16 
2.4E-16 
1.6E-17 
1.6E-17 
2.5E-16 
O.OE+OO 
1.2E-16 

7.3E-16 
1.3E-18 
1.3E-16 
4.OE-19 
3.1E-18 
7.3E-16 
7.3E-16 
1.9E-16 
7.7E-17 
8.1E-16 
8.5E-17 
1.9E-17 
1.6E-16 
1.3E-14 
2.4E-17 
1.8E-16 
3.7E-16 
3.6E-16 
2.4E-17 
2.4E-17 

0 .OE+OO 
1.7E-16 
7.1E-17 
6.4E-16 
1.1E-18 
1.2E-16 
3.5E-19 
1.9E-18 
6.4E-16 
6.4E-16 
1.7E-16 
6.7E-17 
7.1E-16 
7.5E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.1E-17 
1.5E-16 
3.3E-16 
3.2E-16 
2.1E-17 
2.1E-17 
3.3E-16 

1.4E-16 

3. ?~-i6 

O.OE+OO 

1.3E-15 
2.6E-18 
2.3E-16 
7.OE-19 
7.9E-18 
1.3E-15 
1.3E-15 
3.3E-16 
1.3E-16 
1.4E-15 
1.5E-16 
3.3E-17 
2.7E-16 
2.2E-14 
4.2E-17 
3.OE-16 
6.4E-16 
6.3E-16 
4.2E-17 
4.2E-17 
6.4E-16 

3.OE-16 
1.3E-16 
1.1E-15 
2.1E-18 
2.OE-16 
6.2E-19 
4.8E-18 
1.1E-15 
1.1E-15 
3.OE-16 
1.2E-16 
1.3E-15 
1.3E-16 
3.OE-17 
2.4E-16 
2.OE-14 
3.7E-17 
2.7E-16 
5.8E-16 
5.6E-16 
3.8E-17 
3.8E-17 
S.8E-16 
O.OE+OO 

0 .OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cmZ/s) (pCi/crn2/s) (pCi/cmZ/s) 

- 3 . 

SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 

AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
m-222 

2.7E-13 
2.4E-12 
4.6E-15 
4.4E-13 
1.3E-15 
8.1E-15 
2.4E-12 
2.4E-12 
6.4E-13 
2.6E-13 
2.7E-12 
2.8E-13 
6.4E-14 
5.2E-13 
4.2E-11 
8.1E-14 
5.9E-13 
1.2E-12 
1.2E-12 
8.1E-14 
8.1E-14 
1.2E-12 
3.33-04' 
5.9E-13 ' 
2.4E-13 
2.2E-12 
3.7E-15 
4.OE-13 
1.2E-15 
4.1E-1S 
2.2E-12 
2.2E-12 
5.9E-13, 
2.3E-13 
2.5E-12 
2.6E-13 
5.8E-14 
4.7E-13 
3.8E-11 
7.3E-14 
5.3E-13 
1.1E-12 
1.1E-12 
7.4E-14 
7.4E-14 
1.1E-12 
3.2E-04 

4.9E-17 
4.4E-16 
8.2E-19 
7.9E-17 
2.4E-19 
1.5E-18 
4.4E-16 
4.4E-16 
1.2E-16 
4.6E-17 
4.8E-16 
5.1E-17 
1.2E-17 
9.4E-17 
7. SE-15 
1.4E-17 
l.lE-16. 
2.2E-16 
2.2E-16 
1.5E-17 
1.5E-17 
2.2E-16 
O.OE+OO 
1.1E-16 
4.4E-17 
4.OE-16 
6.6E-19 
7.2E-17' 
2.2E-19 
7.4E-19 
4.OE-16 
4.OE-16 
1.1E-16 
4.2E-17 
4.4E-16 
4.6E-17 
1.OE-17 
8.5E-17 
6.9E-15 
1.3E-17 
9.6E-17 
2.OE-16 
2.OE-16 
1.3E-17 
1.3E-17 
2.OE-16 
0 .OE+OO 

6.OE-17 
5.4E-16 
8.1E-19 
9.8E-17 
2.9E-19 
9.3E-19 
5.4E-16 
5.4E-16 
1.4E-16 
5.7E-17 
6.011-16 
6.3E-17 
1.4E-17 
1.2E-16 
9.4E-15 
1.8E-17 
1.3E-16 
2.8E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.8E-16 

1.2E-16 
5.1E-17 
4.7E-16 
6.2E-19 
8.4E-17 
2. SE-19 
4.8E-19 
4.7E-16 
4.7E-16 
1.2E-16 
4.9E-17 
5.2E-16 
5.5E-17 
1.2E-17 
1.OE-16 
8.1E-15 
1.5E-17 
1.1E-16 
2.4E-16 
2.3E-16 
1.6E-17 
1.6E-17 
2.4E-16 
O.OE+OO 

O.OE+OO 

1.1E-16 
9.8E-16 
1.6E-18 
1.8E-16 
5.3E-19 
2.4E-18 
9.8E-16 
9.8E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.6E-17 
2.1E-16 
1.7E-14 
3.2E-17 
2.4E-16 
5.OE-16 
4.9E-16 
3.3E-17 
3.3E-17 
5.OE-16 
0 .OE+OO 
2.3E-16 
9.5E-17 
8.7E-16 
1.3E-18 
1.6E-16 
4.7E-19 

a 1.2E-18 
8.7E-16 
8.7E-16 
2.3E-16 
9.1E-17 
9.6E-16 
1.OE-16 
2.3E-17 
1.9E-16 
1.5E-14 
2.9E-17 
2.1E-16 
4.4E-16 
4.3E-16 
2.9E-17 
2.9E-17 
4.4E-16 
O.OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Ground Dry Wet 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/S) (pCi/Cm2/S) (pCi/Cm2/S) 
Wind Distance Concentration Rate Rate Rate 

SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

SE 

2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 

AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 

5.7E-13 
2.4E-13 
2.1E-12 
3.4E-15 
3.9E-13 
1.2E-15 
3.3E-15 
2.1E-12 
2.1E-12 
5.7E-13 
2.3E-13 
2.4E-12 
2.5E-13 
5.7E-14 
4.6E-13 
3.7E-11 
7.1E-14 
5.2E-13 
1.1E-12 
1.1E-12 
7.2E-14 
7.2E-14 
1.1E-12 
3.1E-04 
5.4E-13 
2.2E-13 
2.OE-12 
3.OE-15 
3.7E-13 
1.1E-15 
2.1E-15 
2.OE-12 
2.OE-12 
5: 4E-13 
2’.2E-13 
2.3E-12 
2.4E-13 
5.4E-14 
4.4E-13 
3.5E-11 
6.8E-14 
4.9E-13 
1.OE-12 
1.OE-12 
6.9E-14 
6.9E-14 
1.OE-12 

1.OE-16 
4.3E-17 
3.9E-16 
6.2E-19 
7.OE-17 
2.1E-19 
6.OE-19 
3.9E-16 
3.9E-16 
1.OE-16 
4.1E-17 
4.3E-16 
4.5E-17 
1.OE-17 
8.3E-17 
6.7E-15 
1.3E-17 
9.4E-17 
2.OE-16 
1.9E-16 
1.3E-17 
1.3E-17 
2.OE-16 
O.OE+OO 
9.8E-17 
4.OE-17 
3.7E-16 
5.4E-19 
6.6E-17 
2.OE-19 
3.9E-19 
3.7E-16 
3.7E-16 
9.8E-17 
3.9E-17 
4.1E-16 
4.3E-17 
9.7E-18 
7.9E-17 
6.4E-15 
1.2E-17 
8.9E-17 
1.93-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.9E-16 

1.2E-16 
4.9E-17 
4. SE-16 
5.7E-19 
8.1E-17 
2.4E-19 
3.9E-19 
4.5E-16 
4.5E-16 
1.2E-16 
4.7E-17 
5.OE-16 
5.2E-17 
1.2E-17 
9.6E-17 
7.7E-15 
1.5E-17 
1.1E-16 
2.3E-16 
2.2E-16 
1.5E-17 
1. SE-17 
2.3E-16 

1.1E-16 
4.5E-17 
4.1E-16 
4.9E-19 
7.4E-17 
2.2E-19 
2. SE-19 
4.1E-16 
4.1E-16 
1.1E-16 
4.3E-17 
4.6E-16 
4.8E-17 
1.1E-17 
8.8E-17 
7.1E-15 
1.4E-17 
1.OE-16 
2.1E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.1E-16 

0. OE+OO 

2.2E-16 
9.1E-17 
8.3E-16 
1.2E-18 
1.5E-16 
4.5E-19 
9.8E-19 
8.3E-16 
8.3E-16 
2.2E-16 
8.83-17 
9.3E-16 
9.7E-17 
2.2E-17 
1.8E-16 
1.4E-14 
2.8E-17 
2.OE-16 
4.3E-16 
4.2E-16 
2.8E-17 
2.8E-17 
4.3E-16 

2.1E-16 
8.5E-17 
7.8E-16 
1.OE-18 
1.4E-16 
4.2E-19 
6.4E-19 
7.8E-16 
7.8E-16 
2.1E-16 
8.2E-17 
8.7E-16 
9.1E-17 
2.1E-17 
‘l.7E-16 
1.3E-14 
2.6E-17 
1.9E-16 
4.OE-16 
3.9E-16 
2.6E-17 
2.6E-17 
4.OE-16 

O.OE+OO 

000318 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

- -  

2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 

3.OE-04 
5.3E-13 
2.2E-13 
2.OE-12 
2.8E-15 
3.6E-13 
1.1E-15 
1.7E-15 
2.OE-12 
2.OE-12 
5.3E-13 
2.1E-13 
2.2E-12 
2.3E-13 
5.3E-14 
4.3E-13 
3.5E-11 
6.6E-14 
4.8E-13 
1.OE-12 
9.9E-13 
6.7E-14 
6.7E-14 
1.OE-12 
2.5E-04 
4.3E-13 
1.7E-13 
1.6E-12 
1.7E-15 
2.9E-13 
8.6E-16 
3.3E-16 
1.6E-12 
1.6E-12 
4.3E-13 
1.7E-13 
1.8E-12 
1.9E-13 
4.3E-14 
3.5E-13 
2.8E-11 
5.4E-14 
4.OE-13 
8.3E-13 
8.1E-13 
5.5E-14 
5.5E-14 

O.OE+OO 
9.6E-17 
3.9E-17 
3.6E-16 
5.OE-19 
6.5E-17 
1.9E-19 
3.1E-19 
3.6E-16 
3.6E-16 
9.6E-17 
3.8E-17 
4.OE-16 
4.2E-17 
9.5E-18 
7.7E-17 
6.2E-15 
1.2E-17 
8.7E-17 
1.8E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.8E-16 

7.8E-17 
3.1E-17 
2.9E-16 
3.OE-19 
5.3E-17 
1.6E-19 
5.9E-20 
2.9E-16 
2.9E-16 
7.8E-17 
3.1E-17 
3.3E-16 
3.4E-17 
7.8E-18 
6.3E-17 
5.1E-15 
9.7E-18 
7.1E-17 
1.5E-16 
1. 5E-16 
9.9E-18 
9.9E-18 

O.OE+OO 

0 .OE+OO 
1.1E-16 
4.3E-17 
4.OE-16 
4.5E-19 
7.1E-17 
2.1E-19 
2.1E-19 
4.OE-16 
4.OE-16 
1.1E-16 
4.2E-17 
4.4E-16 
4.6E-17 
1.OE-17 
8.5E-17 
6.9E-15 
1.3E-17 
9.6E-17 
2.OE-16 
2.OE-16 
1.3E-17 
1.3E-17 
2.OE-16 
O.OE+OO 
8.OE-17 
3.2E-17 
3.OE-16 
2.6E-19 
5.4E-17 
1.6E-19 
4.1E-20 
3.OE-16 
3.OE-16 
8.OE-17 
3.2E-17 
3.3E-16 
3.5E-17 
8.OE-18 
6. 5E-17 
5.2E-15 
9.9E-18 
7.3E-17 
1.5E-16 
1.5E-16 
1.OE-17 
1.OE-17 

0. OE+OO 
2.OE-16 
8.2E-17 
7.6E-16 
9.53-19. 
1.4E-16 
4.1E-19 
5.2E-19 
7.6E-16 
7.6E-16 
2.OE-16 
8.OE-17 
8.4E-16 
8.8E-17 
2.OE-17 
1.6E-16 
1.3E-14 
2.5E-17 
1.8E-16 
3.9E-16 
3.8E-16 
2. SE-17 
2.5E-17 
3.9E-16 

1.6E-16 
6.3E-17 
6.OE-16 
5.6E-19 
1.1E-16 
3.1E-19 
1.OE-19 
6.OE-16 
6.OE-16 
1.6E-16 
6.3E-17 
6.6E-16 
6.9E-17 
1.6E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1.4E-16 
3.OE-16 
3.OE-16 
2.OE-17 
2.OE-17 

0. OE+OO 
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Dry wet Ground 
Air ,Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/Cm2/S) (pCi/Cm2/S) (PCi/Cm2/s) 
Wind Distance Concentration Rate Rate Rate 

SE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 

3500 
300 
300 
300 
300 
300 
300 
300 
3 00 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
FA-224 
FA-226 
FA-228 
TH-227 
TH-2 2 8 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 

8.3E-13 
4.OE-04 
7.3E-13 
3.2E-13 
2.7E-12 
9.6E-15 
4.9E-13 
1.6E-15 
5.5E-13 

' 2.7E-12 
2.7E-12 
7.3E-13 
2.9E-13 
3.OE-12 
3.2E-13 
7.2E-14 
5.9E-13 
4.7E-11 
9.2E-14 
6.6E-13 
1.4E-12 
1.4E-12 
9.2E-14 
9.2E-14 
1.4E-12 
5.1E-04 
9.3E-13 
4.1E-13 
3.5E-12 
1.2E-14 
6.3E-13 
2.OE-15 
3.9E-13 
3.5E-12 
3.5E-12 
9.3E-13 
3.7E-13 
3.9E-12 
4.1E-13 
9.2E-14 
7.5E-13 
6.1E-11 
1.2E-13 
8.5E-13 
1.8E-12 
1.7E-12 
1.2E-13 

1.5E-16 

1.3E-16 
5.7E-17 
4.9E-16 
1.7E-18 
8.9E-17 
2.8E-19 
9.9E-17 
4.9E-16 
4.9E-16 
1.3E-16 
5.2E-17 
5.5E-16 
5.7E-17 
1.3E-17 
1.1E-16 
8.5E-15 
1.7E-17 
1.2E-16 
2. >E-16 
2.5E-16 
1.7E-17 
1.7E-17 
2.5E-16 
O.OE+OO 
1.7E-16 
7.3E-17 
6.3E-16 
2.1E-18 
1.1E-16 
3.6E-19 
6.9E-17 
6.3E-16 
6.3E-16 
1.7E-16 
6.6E-17 
7.OE-16 
7.3E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.1E-17 
1. SE-16 
3.2E-16 
3.1E-16 
2.1E-17 

0 .OE+OO 
1.5E-16 
O.OE+OO 
1.2E-15 
5.4E-16 
4.7E-15 
1.5E-17 
8.4E-16 
2.6E-18 
3.4E-16 
4.7E-15 
4.7E-15 
1.2E-15 
4.9E-16 
5.2E-15 
5.4E-16 
1.2E-16 
1.OE-15 
8.1E-14 
1.6E-16 
1.1E-15 
2.4E-15 
2.3E-15 
1.6E-16 
1.6E-16 
2.4E-15 
O.OE+OO 
7.4E-16 
3.2E-16 
2.8E-15 

' 8.1E-18 
5.OE-16 
1.6E-18 
1.1E-16 
2.8E-15 
2.8E-15 
7.4E-16 
2.9E-16 
3.1E-15 
3.2E-16 
7.4E-17 
6.OE-16 
4.8E-14 
9.3E-17 
6.7E-16 
1.4E-15 
1.4E-15 
9.4E-17 

3.OE-16 

1.4E-15 
6.OE-16 
5.1E-15 
1.7E-17 
9.3E-16 
2.9E-18 
4.4E-16 
5.1E-15 
5.1E-15 
1.4E-15 
5.4E-16 
5.7E-15 
6.OE-16 
1.4E-16 
1.1E35 
8.9E-14 
1.7E-16 
1.2E-15 
2.6E-15 
2.6E-15 
1.7E-16 
1.7E-16 
2.6E-15 
0 .OE+OO 
9.1E-16 
3.9E-16 
3.4E-15 
1.OE-17 
6.2E-16 
1.9E-18 
1.8E-16 
3.4E-15 
3.4E-15 
9.1E-16 
3.6E-16 
3.8E-15 
4.OE-16 
9.OE-17 
7.3E-16 
5.9E-14 
1.1E-16 
8.3E-16 
1.7E-15 
1.7E-15 
1.1E-16 

0. OE+OO 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 

- .  

500 
500 
700 
700 
700 
700 
700 
700 
7 00 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-2 3 5 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 

1000 TH-232 
1000 TH-234 
1000 U-234 

1.2E-13 
1.8E-12 
6.5E-04 
1.2E-12 
5.1E-13 
4.4E-12 
1.4E-14 
8.OE-13 
2.5E-15 
2.7E-13 
4.4E-12 
4.4E-12 
1.2E-12 
4.7E-13 
4.9E-12 
5.2E-13 
1.2E-13 
9.5E-13 
7.7E-11 
1. SE-13 
1.1E-12 
2.3E-12 
2.2E-12 
1.5E-13 
1.5E-13 
2.3E-12 
7.1E-04 
1.3E-12 
5 .  SE-13 
4.8E-12 
1.4E-14 
8.7E-13 
2.7E-15 
1 ; 4E-13 
4.8E-12 
4.8E-12 
1.3E-12 
5.1E-13 
5.4E-12 
5.6E-13 
1.3E-13 
1.OE-12 
8.3E-11 
1.6E-13 
1.2E-12 
2.5E-12 
2.4E-12 

2.1E-17 
3.2E-16 

2.1E-16 
9.2E-17 
8.OE-16 
2.5E-18 
1.4E-16 
4.5E-19 
4.9E-17 
8.OE-16 
8.OE-16 
2.1E-16 
8.4E47 
8.8E-16 
9.3E-17 
2.1E-17 
1.7E-16 
1.4E-14 
2.7E-17 
1.9E-16 
4.1E-16 
4.OE-16 
2.7E-17 
2.7E-17 
4.1E-16 
O.OE+OO 
2.3E-16 
1.OE-16 
8.7E-16 
2.4E-18 
1.6E-16 
4.9E-19 
2.5E-17 
8.7E-16 
8.7E-16 
2.3E-16 
9.2E-17 
9.6E-16 
1.OE-16 
2.3E-17 
1.9E-16 
1.5E-14 
2.9E-17 
2.1E-16 
4.4E-16 
4.3E-16 

O.OE+OO 

9.4E-17 
1.4E-15 
0 .OE+OO 
5.3E-16 
2.3E-16 
2.OE-15 
5.3E-18 
3.6E-16 
1.1E-18 
4.9E-17 
2.OE-15 
2.OE-15 
5.3E-16 
2.1E-16 
2.2E-15 
2.3E-16 
5.2E-17 
4.3E-16 
3.4E-14 
6.6E-17 
4.8E-16 
1.OE-15 
9.9E-16 
6.7E-17 
6.7E-17 
1.OE-15 

3.7E-16 
1.6E-16 
1.4E-15 
3.2E-18 
2.SE-16 
7.7E-19 
1.8E-17 
1.4E-15 
1.4E-15 
3.7E-16 
1.5E-16 
1.5E-15 
1.6E-16 
3.7E-17 
3.OE-16 
2.4E-14 
4.6E-17 
3.3E-16 
7.1E-16 
6.9E-16 

O.OE+OO 

1.1E-16 
1.7E-15 
0. OE+OO 
7.4E-16 
3.2E-16 
2.8E-15 
7.7E-18 
5.OE-16 
1 - 6E-18 
9.8E-17 
2.8E-15 
2.8E-15 
7.4E-16 
2.9E-16 
3.1E-15 
3.2E-16 
7.4E-17 
6.OE-16 
4. BE-14 
9.3E-17 
6.7E-16 
1.4E-15 
1.4E-15 
9.3E-17 
9.3E-17 
1.4E-15 
0. OE+OO 
6.OE-16 
2.6E-16 
2.3E-15 
5.6E-18 
4.1E-16 
1.3E-18 
4.3E-17 
2.3E-15 
2.3E-15 
6.OE-16 
2.4E-16 
2.5E-15 
2.6E-16 
6.OE-17 
4.8E-16 
3.9E-14 
7.5E-17 
5.4E-16 
1.2E-15 
1.1E-15 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (PCi/cm;!/s) 
Wind Distance Concentration Rate Rate Rate 

ESE 

ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ES E 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 

ESE 
1000 
1000 
1000 
13 00 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 

1.6E-13 
1.6E-13 
2.5E-12 
6.3E-04 
1.1E-12 
4.8E-13 
4.2E-12 
1.1E-14 
7.6E-13 
2.4E-15 
6.6E-14 
4.2E-12 
4.2E-12 
1.1E-12 
4.5E-13 
4.7E-12 
4.9E-13 
1.1E-13 
9.1E-13 
7.3E-11 
1.4E-13 
1.OE-12 
2.2E-12 
2.1E-12 
1.4E-13 
1.4E-13 
2.2E-12 
5.7E-04 
1.OE-12 
4.4E-13 
3.8E-12 
9.2E-15 
6.9E-13 
2.2E-15 
4.OE-14 
3.8E-12 
3.8E-12 
1.OE-12 
4.1E-13 
4.3E-12 
4.5E-13 
1.OE-13 
8.2E-13 
6.7E-11 
1.3E-13 
9.3E-13 
2.OE-12 

2.9E-17 
2.9E-17 
4.4E-16 

2.OE-16 
8.7E-17 
7.6E-16 
1.93-18 
1.4E-16 
4.3E-19 
1.2E-17 
7.6E-16 
7.6E-16 
2.OE-16 
8.OE-17 
8 :5E-16 
8.9E-17 
2.OE-17 
1.6E-16 
1.3E-14 
2.5E-17 
1.8E-16 
3.9E-16 
3.8E-16 
2.6E-17 
2.6E-17 
3.9E-16 

1.8E-16 
7.9E-17 
6.9E-16 
1.7E-18 
1.2E-16 
3.9E-19 
7.3E-18 
6.9E-16 
6.9E-16 
1.8E-16 
7.3E-17 
7.7E-16 
8.1E-17 
1.8E-17 
1.5E-16 
1.2E-14 
2.3E-17 
1.7E-16 
3.5E-16 

0 . O E + O O  

O.OE+OO 

4.7E-17 
4.7E-17 
7.1E-16 
O.OE+OO 
2.8E-16 
1.2E-16 
1.1E-15 
2.1E-18 

. 1.9E-16 
5.9E-19 
7.7E-18 
1.1E-15 
1.1E-15 
2.8E-16 
1.1E-16 
1.2E-15 
1.2E-16 
2.8E-17 
2.3E-16 
1.8E-14 
3.5E-17 
2.6E-16 
5.4E-16 
5.3E-16 
3.6E-17 
3.6E-17 
5.4E-16 
O.OE+OO 
2.4E-16 
1.OE-16 
9.2E-16 
1.7E-18 
1.7E-16 
5.OE-19 
4.6E-18 
9.2E-16 
9.2E-16 
2.4E-16 
9.7E-17 
1.OE-15 
1.1E-16 
2.4E-17 
2.OE-16 
1.6E-14 
3.OE-17 
2.2E-16 
4.7E-16 

7.6E-17 
7.6E-17 
1.2E-15 

4.8E-16 
2.1E-16 
1.8E-15 
4.1E-18 
3.3E-16 
1.OE-18 
2.OE-17 
1.8E-15 
1.8E-15 
4.8E-16 
1.9E-16 
2.OE-15 
2.lE-16 
4.8E-17 
3.9E-16 
3.2E-14 
6.1E-17 
4.4E-16 
9.33-16 
9.1E-16 
6.1E-17 
6.1E-17 
9.3E-16 
0. OE+OO 
4.3E-16 
1.8E-16 
1.6E-15 
3.4E-18 
2.9E-16 
8.9E-19 
1.2E-17 
1.6E-15 
1.6E-15 
4.3E-16 
1.7E-16 
1.8E-15 
1.9E-16 
4.3E-17 
3.4E-16 
2.8E-14 
5.4E-17 
3.9E-16 
8.2E-16 

0 .OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air .Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/c&/s) ( p C i / C d / S )  
Wind Distance Concentration Rate Rate Rate 

ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 

i -  ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 

1500 
1500 
1500 
1500 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 

U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-2 2 3 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 

1.9E-12 
1.3E-13 
1.3E-13 
2.OE-12 
5.2E-04 
9.3E-13 
4.OE-13 
3.5E-12 
7.9E-15 
6.3E-13 
2.OE-15 
2.5E-14 
3.5E-12 
3.51512 
9.3E-13 
3.7E-13 
3.9E-12 
4.1E-13 
9.3E-14 
7.5E-13 
6.1E-11 
1.2E-13 
8.5E-13 
1.8E-12 
1.7E-12 
1.2E-13 
1.2E-13 
1.8E-12 
4.6E-04 
8.2E-13 
3.5E-13 
3.1E-12 
6.2E-15 
5.6E-13 
1.7E-15 
1.2E-14 
3.1E-12 
3.1E-12 
8.2E-13 
3.3E-13 
3.4E-12 
3.6E-13 
8.2E-14 
6.6E-13 
5.4E-11 
1.OE-13 
7.5E-13 

3.4E-16 
2.3E-17 
2.3E-17 
3.5E-16 

1.7E-16 
7.1E-17 
6.3E-16 
1.4E-18 
1.lE-16 
3.5E-19 
4.5E-18 
6.3E-16 
6.3E-16 

0. OE+OO 

1.7E-16 
6.7E-17 
7.OE-16 
7.4E-17 
1.7E-17 
1.4E-16 
1 ..1E-14 
2.1E-17 
1. 5E-16 
3.2E-16 
3.1E-16 
2.1E-17 
2.1E-17 
3.2E-16 
0 .OE+OO 
1.5E-16 
6.3E-17 
5.6E-16 
1.1E-18 
1.OE-16 
3.1E-19 
2.2E-18 
5.6E-16 
5.6E-16 
1. SE-16 
5.9E-17 
6.2E-16 
6.5E-17 
1.5E-17 
1.2E-16 
9.7E-15 
1.9E-17 
1 - 3E-16 

4.6E-16 
3.1E-17 
3.1E-17 
4.7E-16 
0 .OE+OO 
2.1E-16 
9.OE-17 
8.1E-16 
1.4E-18 
1.5E-16 
4.4E-19 
2.8E-18 
8.1E-16 
8.1E-16 
2.1E-16 
8. 5E-17 
8.9E-16 
9.4E-17 
2.1E-17 
1.7E-16 
1.4E-14 
2.7E-17 
1.9E-16 
4.1E-16 
4.OE-16 
2.7E-17 
2.7E-17 
4.1E-16 

1.8E-16 
7.5E-17 
6.8E-16 
1.OE-18 
1.2E-16 
3.7E-19 
1.4E-18 
6.8E-16 
6.8E-16 
1.8E-16 
7.2E-17 
7.6E-16 
7.9E-17 
1.8E-17 
1.5E-16 
1.2E-14 
2.3E-17 
1.6E-16 

. O.OE+OO 

8.OE-16 
5.4E-17 
5.4E-17 
8.2E-16 

3.8E-16 
1.6E-16 
1.4E-15 
2.8E-18 
2.6E-16 
7.9E-19 
7.3E-18 
1.4E-15 
1.4E-15 
3.8E-16 
1.5E-16 
1.6E.-15 
1.7E-16 
3.8E-17 
3.1E-16 
2.5E-14 
4.8E-17 
3. SE-16 
7.3E-16 
7.2E-16 
4.8E-17 
4.8E-17 
7.3E-16 
0 .OE+OO 
3.3E-16 
1.4E-16 
1.2E-15 
2.2E-18 
2.2E-16 
6.8E-19 
3.6E-18 
1.2E-15 
1.2E-15 
3.3E-16 
1.3E-16 
1.4E-15 
1.4E-16 
3.3E-17 
2.7E-16 
2.1E-14 
4.1E-17 
3.OE-16 

0 .OE+OO 

. 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 

. ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 

r 
.*. * 

2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2.3 0 0 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 

0.. . . I 

TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-23 1 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
FA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 

1.6E-12 
1.5E-12 
1.OE-13 
1.OE-13 
1.6E-12 
4.2E-04 
7.4E-13 
3.1E-13 
2.8E-12 
5.OE-15 
5.OE-13 
1. 5E-15 
6.4E-15 
2.8E-12 
2.8E-12 
7.4E-13 
3.OE-13 
3.1E-12 
3.3E-13 
7.4E-14 
6.OE-13 
4.8E-11 
9.3E-14 
6.8E-13 
1.4E-12 
1.4E-12 
9.4E-14 
9.4E-14 
1.4E-12 
4.1E-04 
7.2E-13 
3.OE-13 
2.7E-12 
4.7E-15 
4.9E-13 
1.5E-15 
5.1E-15 
2.7E-12 
2.7E-12 
7.2E-13 
2.9E-13 
3.OE-12 
3.2E-13 
7.2E-14 
5.8E-13 
4.7E-11 
9.OE-14 

2. BE-16 
2.8E-16 
1.9E-17 
1.9E-17 
2.8E-16 
0. OE+OO 
1.3E-16 
5.6E-17 
5.OE-16 
9.1E-19 
9.1E-17 
2.8E-19 
1.1E-18 
5.OE-16 
5.OE-16 
1.3E-16 
5.3E-17 
5.6E-16 
S.9E-17 
1.3E-17 
1.1E-16 
8.7E-15 
1.7E-17 
1.2E-16 
2.6E-16 
2. SE-16 
1.7E-17 
1.7E-17 
2.6E-16 

1.3E-16 
5.4E-17 
4.9E-16 
8.5E-19 
8.8E-17 
2.7E-19 
9.2E-19 
4.9E-16 
4.9E-16 
1.3E-16 
5.2E-17 
5.4E-16 
5.7E-17 
1.3E-17 
1.OE-16 
8. 5E-15 
1.6E-17 

0. OEiOO 

3. SE-16 
3.4E-16 
2.3E-17 
2.3E-17 
3 .5E-’16 

1.6E-16 
6.4E-17 
5.9E-16 
7.9E-19 
1.1E-16 
3.2E-19 
7.1E-19 
5.9E-16 
5.9E-16 
1.6E-16 
6.2E-17 
6. SE-16 
6.9E-17 
1.6E-17 
1.3E-16 
1.OE-14 
1.9E-17 
1.4E-16 
3.OE-16 
2.9E-16 
2.OE-17 
2.OE-17 
3.OE-16 
O.OE+OO 
1.5E-16 
6.1E- 17 
5.6E-16 
7.3E-19 
1.OE-16 
3.OE-19 
5.7E-19 
5.6E-16 
5.6E-16 
1. 5E-16 
6.OE-17 
6.3E-16 
6.6E-17 
1.5E-17 
1.2E-16 
9.8E-15 
1.9E-17 

0 .OE+OO 

6.3E-16 
6.2E-16 
4.2E-17 
4.2E-17 
6.3E-16 
0 .OE+OO 
2.9E-16 
1.2E-16 
1.1E-15 
1.7E-18 
2.OE-16 
5.9E-19 
1.9E-18 
1.1E-15 
1.1E-15 
2.9E-16 
1.2E-16 . 
1.2E-15 
1.3E-16 
2.9E-17 
2.3E-16 
1.9E-14 
3.6E-17 
2.6E-16 
S.6E-16 
5.4E-16 
3.7E-17 
3.7E-17 
5.6E-16 
O.OE+OO 
2.8E-16 
1.2E-16 
1.1E-15 
1.6E-18 
1.9E-16 
5.7E-19 
1. SE-18 
1.1E-15 
1.1E-15 
2.8E-16 
1.1E-16 
1.2E-15 
1.2E-16 
2.8E-17 
2.3E-16 
1.8E-14 
3. 5E-17 

. 

000324 



. I .  ’ .  
4 

I Mar 11, 2002 02:42 pm CONCEN 426r 
Page 79 

ESTIMATED RAI)IONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cd/s) 

ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 

- -  

I 

I 
ESE 

ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 

I ESE 

A 

2400 
2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 

TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 

6.6E-13 
1.4E-12 
1.4E-12 
9.1E-14 
9.1E-14 
1.4E-12 
3.9E-04 
6.8E-13 
2.8E-13 
2.6E-12 
4.1E-15 
4.6E-13 
1.4E-15 
3.3E-15 
2.6E-12 
2.6E-12 
6.8E-13 
2.7E-13 
2.9E-12 
3.OE-13 
6.8E-14 
5.5E-13 
4.4E-11 
8.5E-14 
6.2E-13 
1.3E-12 
1.3E-12 
8.6E-14 
8.6E-14 
1.3E-12 
3.8E-04 
6.7E-13 
2.8E-13 
2.5E-12 
3.8E-15 
4.5E-13 
1.4E-15 
2.7E-15 
2.5E-12 
2.5E-12 
6.7E-13 
2.6E-13 
2.8E-12 
2.9E-13 
6.6E-14 
5.4E-13 
4.3E-11 

1.2E-16 
2.5E-16 
2.4E-16 
1.6E-17 
1.6E-17 
2. SE-16 

1.2E-16 
5.1E-17 
4.6E-16 
7.4E-19 
8.3E-17 
2.5E-19 
5.9E-19 
4.6E-16 
4 .bE-16 
1.2E-16 
4.9E-17 
5.1E-16 
5.4E-17 
1.2E-17 
9.9E-17 
8.OE-15 
1.5E-17 
1.1E-16 
2.4E-16 
2.3E-16 
1.6E-17 
1.6E-17 
2.4E-16 
O.OE+OO 
1.2E-16 
5.OE-17 
4.5E-16 
6.9E-19 
8.1E-17 
2.4E-19 
4.8E-19 
4. 5E-16 
4.5E-16 
1.2E-16 
4.8E-17 
5.OE-16 
5.3E-17 
1.2E-17 
9.7E-17 
7.8E-15 

0 .OE+OO 

1.4E-16 
2.9E-16 
2.8E-16 
1.9E-17 
1.9E-17 
2.9E-16 

1.4E-16 
* 5.63-17 

5.2E-16 
6.3E-19 
9.4E-17 
2.8E-19 
3.7E-19 
5.2E-16 
5.2E-16 
1.4E-16 
5.5E-17 
5.8E-16 
6.OE-17 
1.4E-17 
1.1E-16 
9.OE-15 
1.7E-17 
1.3E-16 
2.7E-16 
2.6E-16 
1.7E-17 
1.7E-17 
2.7E-16 

1.3E-16 
5.4E-17 
5.OE-16 
5.8E-19 
9.OE-17 
2.7E-19 
3.OE-19 
5.OE-16 
5.OE-16 
1.3E-16 
5.3E-17 
5.5E-16 
5.8E-17 
1.3E-17 
1.1E-16 
8.6E-15 

O.OE+OO 

0. OE+OO 

2.5E-16 
5.4E-16 
5.213-16 
3.53-17 
3.5E-17 
5.4E-16 

2.6E-16 
1.1E-16 
9.8E-16 
1.4E-18 
1.8E-16 
5.313-19 
9.7E-19 
9.8E-16 
9.8E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.6E-17 
2.1E-16 
1.7E-14 
3.2E-17 
2.4E-16 
5.OE-16 
4.9E-16 
3.3E-17 
3.3E-17 
5.OE-16 

2.5E-16 
1.OE-16 
9.5E-16 
1.3E-18 
1.7E-16 
5.1E-19 
7.8E-19 
9.5E-16 
9.5E-16 
2.5E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.5E-17 
2.OE-16 
1.6E-14 

0 .OE+OO 

O.OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 
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Wet Ground Dry 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (Pci/Cm2/S) (fli/cw/s) (si/cm2/s) 

ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE a- ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
ESE 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
-3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 

8.3E-14 
6.1E-13 
1.3E-12 
1.2E-12 
8.4E-14 
8.4E-14 
1.3E-12 
3.1E-04 
5.4E-13 
2.2E-13 
2.OE-12 
2.3E-15 
3.7E-13 
1.1E-15 
5.OE-16 
2.OE-12 
2.OE-12 
5.4E-13 
2.1E-13 
2.3E-12 
2.4E-13 
5.4E-14 
4.4E-13 
3.5E-11 
6.7E-14 
4.9E-13 
1.OE-12 
1.OE-12 
6.8E-14 
6.8E-14 
1.OE-12 
6.5E-04 
1.2E-12 
5.1E-13 
4.4E-12 
1. SE-14 
7.9E-13 
2.5E-15 
7.9E-13 
4.4E-12 
4.4E-12 
1.2E-12 
4.6E-13 
4.9E-12 
5.1E-13 
1.2E-13 
9.43-13 

1.5E-17 
1.1E-16 
2.3E-16 
2.2E-16 
1.5E-17 
1.5E-17 
2.3E-16 

9 7E-17 
3.9E-17 
3.7E-16 
4.2E-19 
6.6E-17 
1.9E-19 
9.1E-20 
3.7E-16 
3.7E-16 
9.7E-17 
3.9E-17 
4.1E-16 
4.3E-17 
9.7E-18 
7.9E-17 
6.3E-15 
1.2E-17 
8.9E-17 
1.9E-16 
1.8E-16 
1.2E-17 
1.2E-17 
1.9E-16 

O.OE+OO 

0 .OE+OO 
2.1E-16 
9.2E-17 
7.9E-16 
2.8E-18 
1.4E-16 
4.5E-19 
1.4E-16 
7.9E-16 
7.9E-16 
2.1E-16 
8.4E-17 
8.8E-16 
9.2E-17 
2.1E-17 
1.7E-16 

1.6E-17 
1.2E-16 
2. SE-16 
2. SE-16 
1.7E-17 
1.7E-17 
2. SE-16 
O.OE+OO 
1.OE-16 
4.OE-17 
3.8E-16 
3.4E-19 
6.8E-17 
2.OE-19 
6.1E-20 
3.8E-16 
3.8E-16 
1.OE-16 
4.OE-17 
4.2E-16 
4.4E-17 
1.OE-17 
8.1E-17 
6.6E-15 
1.2E-17 
9.2E-17 
1.9E-16 
1.9E-16 
1.3E-17 
1.3E-17 
1.9E-16 
O.OE+OO 
1.4E-15 
6.3E-16 
5.4E-15 
1.7E-17 
9.8E-16 
3.1E-18 
4.OE-16 
5.4E-15 
5.4E-15 
1.4E-15 
5.7E-16 
6.OE-15 
6.3E-16 
1.4E-16 
1.2E-15 

3.1E-17 
2.3E-16 
4.9E-16 
4.7E-16 
3.2E-17 
3.2E-17 
4.9E-16 

2.OE-16 
7.9E-17 
7.5E-16 
7.6E-19 
1.3E-16 
3.9E-19 
1.5E-19 
7.5E-16 
7.5E-16 
2.OE-16 
7.9E-17 
8.3E-16 
8.7E-17 
2.OE-17 
1.6E-16 
1.3E-14 
2.4E-17 
1.8E-16 
3.8E-16 
3.7E-16 
2. SE-17 
2.5E-17 
3.8E-16 
O.OE+OO 
1.7E-15 
7.2E-16 
6.2E-15 
2.OE-17 
1.1E-15 
3.5E-18 
5. SE-16 
6.2E-15 
6.2E-15 
1.7E-15 
6. SE-16 
6.9E-15 
7.2E-16 
1.6E-16 
1.3E-15 

0 .OE+OO 
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D W  Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cmZ/s) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

- E  

& .  

3 00 
300 
300 
300 
300 
300 
300 
300 
500  
500 
500  
500  
500  
500 
500 
500 
500 
500 
500 
500 
5 0 0  
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 

TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-2 3 0 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 

7.6E-11 
1.5E-13 
1.1E-12 
2.3E-12 
2.2E-12 
1.5E-13 
1. SE-13 
2.3E-12 
7.OE-04 
1.3E-12 
5.6E-13 
4.8E-12 
1.6E-14 
8.6E-13 
2.7E-15 
4.6E-13 
4.8E-12 
4.8E-12 
1.3E-12 
5.1E-13 
5.3E-12 
5.6E-13 
1.3E-13 
1.OE-12 
8.3E-11 
1.6E-13 
1.2E-12 
2.4E-12 
2.4E-12 
1.6E-13 
1.6E-13 
2.4E-12 
8.4E-04 
1.5E-12 
6.6E-13 
5.7E-12 
1.7E-14 
1.OE-12 
3.2E-15 
3.1E-13 
5.7E-12 
5.7E-12 
1. 5E-12 
6.OE-13 
6.3E-12 
6.7E-13 
1.5E-13 

1.4E-14 
2.7E-17 
1.9E-16 
4.1E-16 
4.OE-16 
2.7E-17 
2.7E-17 
4.1E-16 
0 .OE+OO 
2.3E-16 
1.OE-16 
8.6E-16 
2. BE-18 
1.6E-16 
4.9E-19 
8.3E-17 
8.6E-16 
8.6E-16 
2.3E-16 
9.1E-17 
9.6E-16 
1.OE-16 
2.3E-17 
1.8E-16 
1. SE-14 
2.9E-17 
2.1E-16 
4.4E-16 
4.3E-16 
2.9E-17 
2.9E-17 
4.4E-16 
0 .OE+OO 
2.7E-16 
1.2E-16 
1.OE-15 
3.1E-18 
1,9E-16 
5.8E-19 
5.6E-17 
1.OE-15 
1.OE-15 
2.7E-16 
1.1E-16 
1.1E-15 
1.2E-16 
2.7E-17 

9.4E-14 
1.8E-16 
1.3E-15 
2.8E-15 
2.7E-15 
1.8E-16 
1.8E-16 
2.8E-15 
0 .OE+OO 
8.6E-16 
3.7E-16 
3.2E-15 
9.5E-18 
5.8E-16 
1.8E-18 
1.3E-16 
3.2E-15 
3.2E-15 
8.6E-16 
3.4E-16 
3.6E-15 
3.8E-16 
8.6E-17 
7.OE-16 
5.6E-14 
1.1E-16 
7.8E-16 
1.7E-15 
1.6E-15 
1.1E-16 
1.1E-16 
1.7E-15 

6.1E-16 
2.6E-16 
2.3E-15 
6.2E-18 
4.2E-16 
1.3E-18 
5.7E-17 
2.3E-15 
2.3E-15 
6.1E-16 
2.4E-16 
2.6E-15 
2.7E-16 
6.1E-17 

O.OE+OO 

1.1E-13 
2.1E-16 
1. SE-15 
3.2E-15 
3.1E-15 
2.1E-16 
2.1E-16 
3.2E-15 

1.1E-15 
4.7E-16 
4.1E-15 
1.2E-17 
7.4E-16 
2.3E-18 
2.1E-16 
4.1E-15 . 
4.1E-15 
1.1E-15 
4.3E-16 
4.6E-15 
4.8E-16 
1.1E-16 
8.8E-16 
7.1E-14 
1.4E-16 
9.9E-16 
2.1E-15 
2.OE-15 
1.4E-16 
1.4E-16 
2.1E-15 
0 .OE+OO 
8.9E-16 
3.8E-16 
3.3E-15 
9.3E-18 
6.OE-16 
1.9E-18 
1.1E-16 
3.3E-15 
3.3E-15 
8.9E-16 
3. SE-16 
3.7E-15 
3.9E-16 
8.8E-17 

O.OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
* E  
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

700 
700 
700 
700 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
13 00 
1300 
13 00 
1300 
1300 
13 00 
1300 
1300 

. ,  

E 1300 
E 1300 
E 1300 
E 1300 

TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-23 1 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 

1.2E-12 2.2E-16 
9.9E-11 1.8E-14 
1.9E-13 3.43-17 
1.4E-12 2.53-16 
2.93-12 5.33-16 
2.83-12 5.1E-16 
1.9E-13 3.53-17 
1.9E-13 3.53-17 
2.93-12 5.33-16 
9.1E-04 O.OE+OO 
1.6E-12 2.93-16 
7.OE-13 1.3E-16 
6.1E-12 1.1E-15 
1.7E-14 3.OE-18 
l.lE-12 2.OE-16 
3.5E-15 6.23-19 
1.6E-13 2.9E-17‘ 
6.1E-12 l.lE-15 
6.1E-12 l.lE-15 
1.6E-12 2.93-16 
6.5E-13 1.2E-16 
6.8E-12 1.2E-15 
7.2E-13 ’, 1.3E-16 
1.6E-13 2.9E-17 
1.3E-12 2.43-16 
1.lE-10 1.9E-14 
2.1E-13 3.73-17, 
1.5E-12 2.73-16 
3.1E-12 5-63-16 
3.1E-12 5.53-16 
2.1E-13 3.73-17 
2.1E-13 3.7E-17 
3.1E-12 5.63-16 
8.OE-04 O.OE+OO 
1.4E-12 2.63-16 
6.1E-13 1.113-16 
5.43-12 9.73-16 
1.3E-14 2.43-18 
9.7E-13 1.7E-16 
3.OE-15 5.4E-19 
7.6E-14 1.4E-17 
5.4E-12 9.7E-16 
5.43-12 9-73-16 
1.4E-12 2.63-16 
5.7E-13 1.OE-16 
6.OE-12 l.lE-15 
6.33-13 l.lE-16 

5.OE-16 
4.OE-14 
7.7E-17 
5.6E-16 
1.2E-15 
1.2E-15 
7.8E-17 
7.8E-17 
1.2E-15 
O.OE+OO 
4.3E-16 
1.8E-16 
1.6E-15 
3.8E-18 
2.9E-16 
9.OE-19 
2.1E-17 
1.6E-15 
1.6E-15 
4.3E-16 
1.7E-16 
1.8E-15 
1.9E-16 
4.3E-17 
3. SE-16 
2.8E-14 
5.4E-17 
3.9E-16 
8.2E-16 
8.OE-16 
5.4E-17 
5.4E-17 
8.2E-16 
O.OE+OO 
3.3E-16 
1.4E-16 
1.2E-15 
2.5E-18 
2.2E-16 
6.8E-19 
9.2E-18 
1.2E-15 
1.2E-15 
3.3E-16 
1.3E-16 
1.4E-15 
1.4E-16 

7.2E-16 
5.8E-14 
1.1E-16 
8.1E-16 
1.7E-15 
1.7E-15 
1.1E-16 
1.1E-16 
1.7E-15 
0 .OE+OO 
7.2E-16 
3.1E-16 
2.7E-15 
6.8E-18 
4.9E-16 
1. SE-18 
5.OE-17 
2.7E-15 
2.7E-15 
7.2E-16 
2.9E-16 
3.OE-15 
3.2E-16 
7.2E-17, 
5.8E-16 
4.7E-14 
9.1E-17 
6.6E-16 
1.4E-15 

* 1.4E-15 
9.1E-17 
9.1E-17 
1.4E-15 
0 .OE+OO 
5.9E-16 
2.5E-16 
2.2E-15 
4.9E-18 
4.OE-16 
1.2E-18 
2.3E-17 
2.2E-15 
2.2E-15 
5.9E-16 
2.3E-16 
2.4E-15 
2.6E-16 

000328 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/a) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

1500 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 

1500 

TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RAT-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 

1.4E-13 
1.2E-12 
9.3E-11 
1.8E-13 
1.3E-12 
2.8E-12 
2.7E-12 
1.8E-13 
1.8E-13 
2.8E-12 
7.3E-04 
1.3E-12 
5.6E-13 
4.9E-12 
1.1E-14 
8.8E-13 
2.7E-15 
4.7E-14 
4.9E-12 
4.9E-12 
1.3E-12 
5.2E-13 
5.4E-12 
5.7E-13 
1.3E-13 
1.1E-12 
8.5E-11 
1.6E-13 
1.2E-12 
2.5E-12 
2.4E-12 
1.6E-13 
1.6E-13 
2.5E-12 
6.7E-04 
1.2E-12 
5.OE-13 
4.5E-12 
9.6E-15 
8.OE-13 
2.5E-15 
3.OE-14 
4.5E-12 
4.5E-12 
1.2E-12 
4.7E-13 
5.OE-12 

2.6E-17 
2.1E-16 
1.7E-14 
3.2E-17 
2.3E-16 
5.OE-16 
4.8E-16 
3.3E-17 
3.3E-17 
5.OE-16 

2.3E-16 
1.OE-16 
8.8E-16 
2.OE-18 
1.6E-16 
4.9E-19 
8.5E-18 
8.8E-16 
8.8E-16 
2.3E-16 
9.3E-17 
9.8E-16 
1.OE-16 
2.3E-17 
1.9E-16 
1.5E-14 
2.9E-17 
2.1E-16 
4.5E-16 
4.43-16 
3.OE-17 
3.OE-17 
4.5E-16 

2.1E-16 
9.1E-17 
8.OE-16 
1.7E-18 
1.4E-16 
4.5E-19 
5.3E-18 
8.OE-16 
8.OE-16 
2.1E-16 
8.5E-17 
8.9E-16 

0 .OE+OO 

0 .OE+OO 

3.3E-17 
2.6E-16 
2.1E-14 
4.1E-17 
3.OE-16 
6.3E-16 
6.1E-16 
4.1E-17 
4.1E-17 
6.3E-16 
O.OE+OO 
2.8E-16 
1.2E-16 
1.1E-15 
2.OE-18 
1.9E-16 
5.9E-19 
5.5E-18 
1.1E-15 
1.1E-15 
2.8E-16 
1.1E-16 
1.2E-15 
1.2E-16 
2.8E-17 
2.3E-16 
1.8E-14 
3. SE-17 
2.6E-16 
5.4E-16 
5.3E-16 
3.6E-17 
3.6E-17 
5.4E-16 
O.OE+OO 
2.5E-16 
1.OE-16 
9.4E-16 
1.6E-18 
1.7E-16 
5.1E-19 
3.4E-18 
9. BE-16 
9.4E-16 
2. SE-16 
9.9E-17 
1.OE-15 

5.8E-17 
4.7E-16 
3.8E-14 
7.3E-17 
5.3E-16 
1.1E-15 
1.1E-15 
7.4E-17 
7.4E-17 
1.1E-15 

5.2E-16 
2.2E-16 
1.9E-15 
4.1E-18 
3.5E-16 
1.1E-18 
1.4E-17 
1.9E-15 
1.9E-15 
5.2E-16 
2.1E-16 
2.2E-15 
2.3E-16 
5.1E-17 
4.2E-16 
3.4E-14 
6.5E-17 
4.7E-16 
9.9E-16 
9.7E-16 
6.5E-17 
6. SE-17 
9.9E-16 
O.OE+OO 
4.6E-16 
1.9E-16 
1.7E-15 
3.4E-18 
3.1E-16 
9.6E-19 
8.7E-18 
1.7E-15 
1.7E-15 
4.6E-16 
1.8E-16 
1.9E-15 

O.OE+OO 

426'1 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Wet Ground Dry 
Air . Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 
Wind Di s tance Concentration Rate Rate Rate 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 

2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 

2000, 

RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 

* U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 

5.2E-13 
1.2E-13 
9.6E-13 
7.7E-11 
1. SE-13 
1.1E-12 
2.3E-12 
2.2E-12 
1.5E-13 
1.5E-13 
2.3E-12 
5.9E-04 
1.OE-12 
4.4E-13 
3.9E-12 
7 - 6E-15 
7-13-13 
2.2E-15 
1.5E-14 
3.9E-12 
3.9E-12 
1.OE-12 
4.1E-13 
4.4E-12 
4.6E-13 
1.OE-13 
8.4E-13 
6.8E-11 
1.3E-13 
9.5E-13 
2.OE-12 
2.OE-12 
1.3E-13 
1.3E-13 
2.OE-12 
5.3E-04 
9.4E-13 
3.9E-13 
3-5E-12 
6.1E-15 
6.3E-13 
1.9E-15 
7.7E-15 
3. SE-12 
3.5E-12 
9.4E-13 
3.7E-13 

9.4E-17 
2.1E-17 
1.7E-16 
1.4E-14 
2.7E-17 
1.9E-16 
4.1E-16 
4.OE-16 
2.7E-17 
2.7E-17 
4.1E-16 
O.OE+OO 

7.9E-17 
1.9E-16 

7.1E-16 
1.4E-18 
1.3E-16 
3.9E-19 
2.7E-18 
7.1E-16 
7.1E-16 
1.9E-16 
7.5E-17 
7.8E-16 
8.2E-17 
1.9E-17 
1.5E-16 
1.2E-14 
2.4E-17 
1.7E-16 
3.6E-16 
3.5E-16 
2.4E-17 
2.4E-17 
3.63-16 

1.7E-16 
7.OE-17 
6.3E-16 
1.1E-18 
1.1E-16 
3.5E-19 
1.4E-18 
6.3E-16 
6.3E-16 
1.7E-16 
6.7E-17 

0 .OE+OO 

1.1E-16 
2. SE-17 
2.OE-16 
1.6E-14 
3.1E-17 
2.3E-16 
4.8E-16 
4.7E-16 
3.1E-17 
3.1E-17 
4.8E-16 
O.OE+OO 
2.1E-16 
8.8E-17 
7.9E-16 
1.2E-18 
1.4E-16 
4.3E-19 
1.7E-18 
7.9E-16 
7.9E-16 
2.1E-16 
8.4E-17 
8.8E-16 
9.2E-17 
2.lE-17 
1.7E-16 
1.4E-14 
2.6E-17 
1.9E-16 
4.1E-16 
3.9E-16 
2.7E-17 
2.7E-17 
4.1E-16 
0 .OE+OO 
1.8E-16 
7.5E-17 
6.9E-16 
9.5E-19 
1.2E-16 
3.7E-19 
8.9E-19 
6.9E-16 
6.9E-16 
1.8E-16 
7.2E-17 

2.OE-16 
4.6E-17 
3.7E-16 
3.OE-14 
5.8E-17 
4.2E-16 
8.9E-16 
8.73-16 
5.8E-17 
5.8E-17 
8.9E-16 
O.OE+OO 
4.OE-16 
1.7E-16 
1. SE-15 
2.6E-18 
2.7E-16 
8.2E-19 
4.4E-18 
1. SE-15 
1.5E-15 
4.OE-16 
1.6E-16 
1.7E-15 
1.7E-16 
4.OE-17 
3.23-16 
2.6E-14 
5.OE-17 
3.6E-16 
7.7E-16 
7.5E-16 
5.OE-17 
5.OE-17 
7.7E-16 
O.OE+OO 
3.5E-16 

, 1.5E-16 
1.3E-15 
2.OE-18 
2.413-16 
7.2E-19 
2.3E-18 
1.3E-15 
1.3E-15 
3.5E-16 
1.4E-16 000330 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

,- - , 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
24'00 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 

RA-226 
RA-228 
TH-227 
TH-228 
TH-2 3 0 
TH-231 
TH-2 3 2 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-23 1 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 

3.9E-12 
4.1E-13 
9.3E-14 
7.6E-13 
6.1E-11 
1.2E-13 
8.5E-13 
1.8E-12 
1.8E-12 
1.2E-13 
1.2E-13 
1.8E-12 
5.2E-04 
9.1E-13 
3.8E-13 
3.4E-12 
5.7E-15 
6.1E-13 
1.9E-15 
6.2E-15 
3.4E-12 
3. BE-12 
9.1E-13 
3.6E-13 
3.8E-12 
4.OE-13 
9.OE-14 
7.3E-13 
5.9E-11 
1.1E-13 
8.2E-13 
1.7E-12 
1.7E-12 
1.1E-13 
1.1E-13 
1.7E-12 
4.9E-04 
8.5E-13 
3.5E-13 
3.2E-12 
4.9E-15 
5.8E-13 
1.7E-15 
4.OE-15 
3.2E-12 
3.2E-12 
8.5E-13 

7.OE-16 
7.4E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.1E-17 
1.5E-16 
3.2E-16 
3.2E-16 
2.1E-17 
2.1E-17 
3.2E-16 
O.OE+OO 
1.6E-16 
6.8E-17 
6.1E-16 
1.OE-18 
1.1E-16 
3.4E-19 
1.1E-18 
6.1E-16 
6.1E-16 
1.6E-16 
6.5E-17 
6.8E-16 
7.1E-17 
1.6E-17 
1.3E-16 
1.1E-14 
2.OE-17 
1.5E-16 
3.1E-16 
3.1E-16 
2.1E-17 
2.1E-17 
3.1E-16 

1.5E-16 
6.4E-17 
5.8E-16 
8.9E-19 
1.OE-16 
3.1E-19 
7.2E-19 
5.8E-16 
5.8E-16 
1. 5E-16 

0 .OE+OO 

7.6E-16 
8.OE-17 
1.8E-17 
1. SE-16 
1.2E-14 
2.3E-17 
1.7E-16 
3.5E-16 
3.4E-16 
2.3E-17 
2.3E-17 
3. 5E-16 
0 . OE+OO 
1.7E-16 
7.2E-17 
6.6E-16 
8.8E-19 
1.2E-16 
3.5E-19 
7.2E-19 
6.6E-16 
6.6E-16 
1.7E-16 
6.9E-17 
7.3E-16 
7.6E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.2E-17 
1.6E-16 
3.4E-16 
3.3E-16 
2.2E-17 
2.2E-17 
3.4E-16 
0 .OE+OO 
1.6E-16 
6.6E-17 
6.OE-16 
7.5E-19 
1.1E-16 
3.2E-19 
4.7E-19 
6.OE-16 
6.OE-16 
1.6E-16 

1.5E-15 
1.5E-16 
3.5E-17 
2.8E-16 
2.3E-14 
4.4E-17 
3.2E-16 
6.7E-16 
6.6E-16 
4.4E-17 
4.4E-17 
6.7E-16 
0 .OE+Od 
3.4E-16 
1.4E-16 
1.3E-15 
1.9E-18 
2.3E-16 
6.9E-19 
1.8E-18 
1.3E-15 
1.3E-15 
3.4E-16 
1.3E-16 
1.4E-15 
1. SE-16 
3.4E-17 
2.713-16 
2.2E-14 
4.2E-17 
3.1E-16 
6.5E-16 
6.3E-16 
4.3E-17 
4.3E-17 

I 6.53-16 
O.OE+OO 
3.1E-16 
1.3E-16 
1.2E-15 
1.6E-18 
2.1E-16 
6.4E-19 
1.2E-18 
1.2E-15 
1.2E-15 
3.1E-16 

000331 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

~~ ~~ 

DrY Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/Cm2/s) (pCi/crn2/s) 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 

3.4E-13 
3.6E-12 
3.7E-13 
8.5E-14 
6.9E-13 
5.6E-11 
1.1E-13 
7.8E-13 
1.6E-12 
1.6E-12 
1.1E-13 
1.1E-13 
1.6E-12 
4.7E-04 
8.3E-13 
3.4E-13 
3.1E-12 
4.6E-15 
5.6E-13 
1.7E-15 
3.2E-15 
3.1E-12 
3.1E-12 
8.3E-13 
3.3E-13 
3.5E-12 
3.6E-13 
8.2E-14 
6.7E-13 
5.4E-11 
1.OE-13 
7.5E-13 
1.6E-12 
1.6E-12 
1.OE-13 
1.OE-13 
1.6E-12 
3.8E-04 
6.6E-13 
2.7E-13 
2.5E-12 
2.7E-15 
4.5E-13 
1.3E-15 
6.2E-16 
2. SE-12 
2.5E-12 

6.1E-17 
6.4E-16 
6.7E-17 
1.5E-17 
1.2E-16 
1.OE-14 
1.9E-17 
1.4E-16 
3.OE-16 
2.9E-16 
1.9E-17 
1.9E-17 
3.OE-16 

1.5E-16 
6.2E-17 
5.6E-16 
8.3E-19 
1.OE-16 
3.OE-19 
5.8E-19 
5.6E-16 
5.6E-16 
1.5E-16 
5.9E-17 
6.2E-16 
6.5E-17 
1. SE-17 
1.2E-16 
9.7E-15 
1.9E-17 
1.4E-16 
2.9E-16 
2.8E-16 
1.9E-17 
1.9E-17 
2.9E-16 
O.OE+OO 
1.2E-16 
4.8E-17 
4.5E-16 
4.9E-19 
8.1E-17 
2.4E-19 
1.1E-19 
4.5E-16 
4. SE-16 

0 .OE+OO 

6.4E-17 
6.7E-16 
7.OE-17 
1.6E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1. SE-16 
3.1E-16 
3.OE-16 
2.OE-17 
2.OE-17 
3.1E-16 

1.5E-16 
6.3E-17 
5.8E-16 
7.OE-19 
1.OE-16 
3.1E-19 
3.8E-19 
5.8E-16 
5.8E-16 
1.5E-16 
6.1E-17 
6.4E-16 
6.8E-17 
1. SE-17 
1.2E-16 
1.OE-14 
1.9E-17 
1.4E-16 
3.OE-16 
2.9E-16 
1.9E-17 
1.9E-17 
3.OE-16 
O.OE+OO 
1.2E-16 
4.7E-17 
4.4E-16 
4.1E-19 
8.OE-17 
2.3E-19 
7.7E-20 
4.4E-16 
4.4E-16 

O.OE+OO 

1.2E-16 
1.3E-15 
1.4E-16 
3.1E-17 
2.5E-16 
2.OE-14 
3.9E-17 
2.9E-16 
6.OE-16 
5.9E-16 
4.OE-17 
4.OE-17 
6.OE-16 
O.OE+OO 
3.OE-16 
1.2E-16 
1.1E-1S 
1.5E-18 
2.1E-16 
6.1E-19 
9.7E-19 
1.1E-15 
1.1E-15 
3.OE-16 
1.2E-16 
1.3E-15 
1.3E-16 
3.OE-17 
2.4E-16 
2.OE-14 
3.8E-17 
2.8E-16 
5.8E-16 
5.7E-16 
3.8E-17 
3.8E-17 
5.8E-16 
O.OE+OO 
2.4E-16 
9.5E-17 
8.9E-16 
9.OE-19 
1.6E-16 
4.7E-19 
1.9E-19 
8.9E-16 
8.9E-16 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

ENE 
ENE 

- -  ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 

' E N E  
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 

r ENE 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
3 00 
300 
300 
300 
3 00 
300 
300 
300 
300 
300 
300 
300 
300 
300 * 
300 
300 
300 
300 
300 
300 
300 
300 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 

RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 

' PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-2 3 6 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 

6.6E-13 
2.6E-13 
2.8E-12 
2.9E-13 
6.6E-14 
5.3E-13 
4.3E-11 
8.2E-14 
6.OE-13 
1.3E-12 
1.2E-12 
8.4E-14 
8.4E-14 
1.3E-12 
8.OE-04 
1.5E-12 
6.4E-13 
5.5E-12 
1.9E-14 
9.9E-13 
3.1E-15 
9.1E-13 
5.5E-12 
5.5E-12 
1.5E-12 
5.8E-13 
6.1E-12 
6.4E-13 
1.4E-13 
1.2E-12 
9.5E-11 
1.8E-13 
1 .. 3E-12 
2.8E-12 
2.7E-12 
1.8E-13 
1.8E-13 
2.8E-12 
7.8E-04 
1.4E-12 
6.2E-13 
5.3E-12 
1.7E-14 
9.6E-13 
3.OE-15 
4.6E-13 
5.3E-12 

1.2E-16 
4.7E-17 
5.OE-16 
5.2E-17 
1.2E-17 
9.6E-17 
7.8E-15 
1.5E-17 
1.1E-16 
2.3E-16 
2.2E-16 
1.5E-17 
1.5E-17 
2.3E-16 
O.OE+OO 
2.6E-16 
1.1E-16 
9.9E-16 
3.4E-18 
1.8E-16 
5.6E-19 
1.6E-16 
9.9E-16 
9.9E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.6E-17 
2.1E-16 
1.7E-14 
3.3E-17 
2.4E-16 
5.OE-16 
4.9E-16 
3.3E-17 
3.3E-17 
5.OE-16 

2.6E-16 
1.1E-16 
9.6E-16 
3.1E-18 
1.7E-16 
5. SE-19 
8.2E-17 
9.6E-16 

0 .OE+OO 

1.2E-16 
4.7E-17 
4.9E-16 
5.1E-17 
1.2E-17 
9.5E-17 
7.6E-15 
1.4E-17 
1.1E-16 
2.3E-16 
2.2E-16 
1.5E-17 
1.5E-17 
2.3E-16 
O.OE+OO 
1. 5E-15 
6.7E-16 
5.8E-15 
1.9E-17 
1.OE-15 
3.3E-18 
4.2E-16 
5.8E-15 
5.8E-15 
1.5E-15 
6.1E-16 
6.5E-15 
6.8E-16 
1.5E-16 
1.2E-15 
1.OE-13 
2.OE-16 
1.4E-15 
3.OE-15 
2.9E-15 
2.OE-16 
2.OE-16 
3.OE-15 
O.OE+OO 
9.3E-16 
4.OE-16 
3.5E-15 
1.OE-17 
6.3E-16 
2.OE-18 
1.3E-16 
3. SE-15 

2.4E-16 
9.4E-17 
9.9E-16 
1.OE-16 
2.4E-17 
1.9E-16 
1.5E-14 
2.9E-17 
2.2E-16 
4.5E-16 
4.4E-16 
3.OE-17 
3.OE-17 
4.5E-16 
0 .OE+OO 
1 -8E-15 
7.9E-16 
6.8E-15 
2.2E-17 
1.2E-15 

5.9E-16 
6.8E-15 
6.8E-15 
1.8E-15 
7.2E-16 
7.6E-15 
7.9E-16 
1.8E-16 
1.5E-15 
1.2E-13 
2.3E-16 
1.6E-15 
3.5E-15 
3.4E-15 
2.3E-16 
2.3E-16 
3.5E-15 

1.2E-15 
5.1E-16 
4.4E-15 
1.3E-17 
8.OE-16 
2.5E-18 
2.1E-16 
4.4E-15 

3.9E-18 

O.OE+OO 
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' Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

m 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE a- ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
E N E .  
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 

500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
700 
700 
700 
700 
700 
7 00 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

PO-210 
RA-223 
RA-224 
PA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 

5.3E-12 
1.4E-12 
5.6E-13 
5.9E-12 
6.2E-13 
1.4E-13 
1.1E-12 
9.2E-11 
1.0E-13 
1.3E-12 
2.7E-12 
2.7E-12 
1.8E-13 
1.8E-13 
2.7E-12 
9.2E-04 
1.7E-12 
7.2E-13 
6.3E-12 
1.9E-14 
1.1E-12 
3.5E-15 
2.9E-13 
6.3E-12 
6.3E-12 
1.7E-12 
6.6E-13 
6.9E-12 
7.3E-13 
1.7E-13 
1.3E-12 
1.1E-10 
2.1E-13 
1.5E-12 
3.2E-12 
3.1E-12 
2.1E-13 
2.1E-13 
3.2E-12 
1.OE-03 
1.8E-12 
7.9E-13 
6.9E-12 
1.8E-14 
1.3E-12 
3.9E-15 
1.6E-13 

9.6E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2. 5E-17 
2.1E-16 
1.7E-14 
3.2E-17 . 
2.3E-16 
4.9E-16 
4.8E-16 
3.2E-17 
3.2E-17 
4 : 9E-16 
0 .OE+OO 
3.OE-16 
1.3E-16 
1.1E-15 
3.4E-18 
2.OE-16 
6.4E-19 
5.3E-17 
1.1E-15 
1.1E-15 
3.OE-16 
1.2E-16 
1.3E-15 
1.3E-16 
3.OE-17 
2.4E-16 
2.OE-14 
3.8E-17 
2.7E-16 
5.8E-16 
5.6E-16 
3. BE-17 
3.8E-17 
5.8E-16 
O.OE+OO 
3.3E-16 
1.4E-16 
1.3E-15 
3.3E-18 
2.3E-16 
7.OE-19 
2.8E-17 

3.5E-15 
9.3E-16 
3.7E-16 
3.9E-15 
4.1E-16 
9.2E-17 
7. 5E-16 
6.OE-14 
1.2E-16 
8.4E-16 
1.8E-15 
1.7E-15 
1.2E-16 
1.2E-16 
1.8E-15 
0 .OE+OO 
6.6E-16 
2.8E-16 
2. SE-15 
6.7E-18 
4.5E-16 
1.4E-18 
5.9E-17 
2.5E-15 
2.5E-15 
6.6E-16 
2.6E-16 
2.8E-15 
2.9E-16 
6.6E-17 
5.3E-16 
4.3E-14 
8.3E-17 
6.OE-16 
1.31~-15 
1.2E-15 
8.3E-17 
8.3E-17 
1.3E-15 
0. OE+OO 
4.6E-16 
2.013-16 
1.7E-15 
4.1E-18 
3.1E-16 
9.7E-19 
2.3E-17 

4.4E-15 
1.2E-15 
4.7E-16 
4.9E-15 
5.2E-16 
1.2E-16 
9.5E-16 
7.7E-14 
1.5E-16 
1.1E-15 
2.3E-15 
2 -23-15 
1.5E-16 
1.5E-16 
2.3E-15 
O.OE+OO 
9.6E-16 
4,1E-16 
3.6E-15 
1.OE-17 
6.5E-16 
2.OE-18 
1.1E-16 
3.6E-15 
3.6E-15 
9.6E-16 
3.8E-16 
4.OE-15 
4.2E-16 
9.5E-17 
7.7E-16 
6.2E-14 
1.2E-16 
8.7E-16 
1. BE-15 
1.8E-15 
1.2E-16 
1.2E-16 
1.8E-15 
0. OE+OO 
7.9E-16 
3.4E-16 
3.OE-15 
7.4E-10 
5.4E-16 
1.7E-18 
5.1E-17 

4 2 6 7  
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cmZ/s) (pCi/cd/s) (pCi/cd/s) 

ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-2 2 3 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-2 3 4 

6.9E-12 
6.9E-12 
1.8E-12 
7.3E-13 
7.7E-12 
8.1E-13 
1.8E-13 
1.5E-12 
I. 2E-10 
2.3E-13 
1.7E-12 
3.5E-12 
3.5E-12 
2.3E-13 
2.3E-13 
3.5E-12 
9.2E-04 
1.7E-12 
7.1E-13 
6.2E-12 
1. 5E-14 
1.1E-12 
3. SE-15 
7.8E-14 
6.2E-12 
6.2E-12 
1.7E-12 
6.6E-13 
6.9E-12 
7.2E-13 
1.6E-13 
1.3E-12 
1.1E-10 
2.1E-13 
1.5E-12 
3.2E-12 
3.1E-12 
2.1E-13 
2.1E-13 
3.2E-12 
8.5E-04 
1.5E-12 
6.4E-13 
5.7E-12 
1.2E-14 
1.OE-12 
3.2E-15 

1.3E-15 
1.3E-15 
3.3E-16 
1.3E-16 
1.4E-15 
1.5E-16 
3.3E-17 
2.7E-16 
2.2E-14 
4.2E-17 
3.OE-16 
6.4E-16 
6.2E-16 
4.2E-17 
4.2E-17 
6.4E-16 
O.OE+OO 
3.OE-16 
1.3E-16 
1.1E-15 
2.6E-18 
2.OE-16 
6.3E-19 
1.4E-17 
1.1E-15 
1.1E-15 
3.OE-16 
1.2E-16 
1.2E-15 
1.3E-16 
3.OE-17 
2.4E-16 
1.9E-14 
3.7E-17 
2.7E-16 
5.7E-16 
5.6E-16 
3.8E-17 
3.8E-17 
5.7E-16 

2.7E-16 
1.2E-16 
1.OE-15 
2.2E-18 
1.9E-16 
5.7E-19 

O.OE+OO 

1.7E-15 
1.7E-15 
4.6E-16 
1.8E-16 
1.9E-15 
2.OE-16 
4.6E-17 
3.7E-16 
3.OE-14 
5.8E-17 
4.2E-16 
8.8E-16 
8.6E-16 
5.8E-17 
5.8E-17 
8.8E-16 

3.5E-16 
1. SE-16 
1.3E-15 
2.8E-18 
2.4E-16 
7.4E-19 
9.9E-18 
1.3E-15 
1.3E-15 
3.5E-16 
1.4E-16 

1. SE-16 
3.5E-17 
2.8E-16 
2.3E-14 
4.4E-17 
3.2E-16 
6.8E-16 
6.6E-16 
4.5E-17 
4.5E-17 
6.8E-16 

3.OE-16 
1.3E-16 
1.1E-15 
2.2E-18 
2.1E-16 
6.3E-19 

0. OE+OO 

1.5E-15 

0 .OE+OO 

3.OE-15 
3.OE-15 
7.9E-16 
3.1E-16 
3.3E-15 
3.5E-16 
7.9E-17 
6.4E-16 
5.2E-14 
1.OE-16 
7.2E-16 
1. SE-15 
1.5E-15 
1.OE-16 
1.OE-16 
1. 5E-15 

6. SE-16 
2.8E-16 
2.4E-15 
5.4E-18 
4.4E-16 
1.4E-18 
2.4E-17 
2.4E-15 
2.4E-15 
6.5E-16 
2.6E-16 
2.7E-15 
2.8E-16 
6. SE-17 
5.2E-16 
4.2E-14 
8.1E-17 
5.9E-16 
1.2E-15 
1.2E-15 
8.2E-17 
8.2E-17 
1.2E-15 

5.8E-16 
2.4E-16 
2.2E-15 
4.4E-18 
3.9E-16 
1.2E-18 

0. OEoOO 

O.OE+OO 

00033s 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/Cm2/S) (pCi/cm2/s) 

ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE a- ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 

' ENE 
ENE 
ENE 
ENE 

1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 
1700 
17 00 
1700 

17 00 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 

17.00 

PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 

. AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TU-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 

5.OE-14 
5.7E-12 
5.7E-12 
1. SE-12 
6.OE-13 
6.3E-12 
6.6E-13 
1. SE-13 
1.2E-12 
9.9E-11 
1.9E-13 
1.4E-12 
2.9E-12 
2.8E-12 
1.9E-13 
1.9E-13 
2.9E-12 
7.8E-04 
1.4E-12 
5.9E-13 
5.2E-12 
1.OE-14 
9.4E-13 
2.9E-15 
3.2E-14 
5.2E-12 
5.2E-12 
1.4E-12 
5.5E-13 
S.8E-12 
6.1E-13 
1.4E-13 
1.1E-12 
9.1E-11 
1.7E-13 
1.3E-12 
2.7E-12 
2.6E-12 
1.8E-13 
1.8E-13 
2.7E-12 
7.OE-04 
1.2E-12 
5.2E-13 
4.6E-12 
8.2E-15 
8.4E-13 

8.9E-18 
1.OE-15 
1.OE-15 
2.7E-16 
1.1E-16 
1.1E-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.8E-14 
3.4E-17 
2. 5E-16 
5.2E-16 
5.1E-16 
3.5E-17 
3. SE-17 
5.2E-16 

2.5E-16 
1.1E-16 
9.4E-16 
1.9E-18 
1.7E-16 
5.2E-19 
5.7E-18 
9.4E-16 
9.4E-16 
2.5E-16 
9.9E-17 
1.OE-15 
1.1E-16 
2. SE-17 
2.OE-16 
1.6E-14 
3.1E-17 
2.3E-16 
4.8E-16 
4 .,7E-16 
3.2E-17 
3.2E-17 
4.8E-16 

2.2E-16 
9.3E-17 
8.3E-16 
1.5E-18 
1.5E-16 

0 .OE+OO 

0 .OE+OO 

6.OE-18 
1.1E-15 
1.1E-15 
3.OE-16 
1.2E-16 
1.3E-15 
1.3E-16 
3.OE-17 
2. SE-16 
2.OE-14 
3.8E-17 
2.8E-16 
5.8E-16 
5.7E-16 
3.8E-17 
3.8E-17 
5.8E-16 

2.7E-16 
1.1E-16 
1.OE-15 
1.8E-18 
1.8E-16 
5. 5E-19 
3.7E-18 
1.OE-15 
1.OE-15 
2.7E-16 
1.1E-16 
1.1E-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.7E-14 
3.3E-17 
2.4E-16 
5.1E-16 
5.OE-16 
3.4E-17 
3.4E-17 
5.1E-16 

0 .OE+OO 

* 1.5E-17 
2.2E-15 
2.2E-15 
5.8E-16 
2.3E-16 
2.4E-15 
2. SE-16 
5.7E-17 
4.7E-16 
3. BE-14 
7.2E-17 
5.3E-16 
1.1E-15 
1.1E-15 
7.3E-17 
7.3E-17 
l.lE-15 . 
O.OE+OO 
5.2E-16 
2.2E-16 
1.9E-15 
3.7E-18 
3.5E-16 
1.1E-18 
9.4E-18 
1.9E-15 
1.9E-15 
5.2E-16 
2.1E-16 
2.2E-15 
2.3E-16 
5.2E-17 
4.2E-16 
3.4E-14 
6.5E-17 
4.7E-16 
1.OE-15 
9.7E-16 
6.5E-17 
6.5E-17 
1.OE-15 

O.OE+OO O.OE+OO 
2.3E-16 4.5E-16 
9.4E-17 1.9E-16 
8.5E-16 1.7E-15 
1.3E-18 2.8E-18 
1.5E-16 3.OE-16 

, 
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Wet Ground Dry 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cxn2/s) (pCi/cm;l/s) 
Wind Distance Concentration Rate Rate Rate 

ENE 
EM3 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 

- .  ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 

2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2309 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 

PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-2 3 8 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 

2.5E-15 
1.6E-14 
4.6E-12 
4.6E-12 
1.2E-12 
4.9E-13 
5.1E-12 
5.4E-13 
1.2E-13 
9.9E-13 
8.OE-11 
1.5E-13 
1.1E-12 
2.4E-12 
2.3E-12 
1.6E-13 
1.6E-13 
2.4E-12 
6.3E-04 
1.1E-12 
4.6E-13 
4.2E-12 
6.6E-15 
7.5E-13 
2.3E-15 
8. SE-15 
4.2E-12 
4.2E-12 
1.1E-12 
4.4E-13 
4.6E-12 
4.9E-13 
1.1E-13 
8.9E-13 
7.2E-11 
1.4E-13 
1.OE-12 
2.1E-12 
2.1E-12 
1.4E-13 
1.4E-13 
2.1E-12 
6.1E-04 
1.1E-12 
4.4E-13 
4.OE-12 
6.1E-15 

4.6E-19 
2.9E-18 
8.3E-16 
8.3E-16 
2.2E-16 
8.8E-17 
9.3E-16 
9.7E-17 
2.2E-17 
1.8E-16 
1.4E-14 
2.8E-17 
2.OE-16 
4.3E-16 
4.2E-16 
2:8E-17 
2.8E-17 
4.3E-16 

2.OE-16 
8.3E-17 
7.5E-16 
1.2E-18 
1.4E-16 
4.1E-19 
1.5E-18 
7.5E-16 
7. SE-16 
2.OE-16 
7.9E-17 
8.3E-16 
8.7E-17 
2.OE-17 
1.6E-16 
1.3E-14 
2.5E-17 
1.8E-16 
3.8E-16 
3.7E-16 
2.5E-17 
2.5E-17 
3.8E-16 
O.OE+OO 

0 .OE+OO 

1.9E-16 
8.OE-17 
7.3E-16 
1.1E-18 

4.6E-19 
1.9E-18 
8.5E-16 
8.5E-16 
2.3E-16 
9.OE-17 
9.5E-16 
9.9.E-17 
2.3E-17 
1.8E-16 
1. SE-14 
2.8E-17 
2.1E-16 
4.4E-16 
4.2E-16 
2.9E-17 
2.9E-17 
4.4E-16 
0 .OE+OO 
2.OE-16 
8.1E-17 
7.4E-16 
1.OE-18 
1.3E-16 
4.OE-19 
9.9E-19 
7.4E-16 
7.413-16 
2.OE-16 
7.8E-17 
8.2E-16 
8.6E-17 
1.9E-17 
1.6E-16 
1.3E-14 
2.4E-17 
1.8E-16 
3.8E-16 
3.7E-16 
2.5E-17 
2. SE-17 
3.8E-16 
O.OE+OO 
1.9E-16 
7.7E-17 
7.OE-16 
9.6E-19 

9.2E-19 
4.8E-18 
1.7E-15 
1.7E-15 
4. SE-16 
1.8E-16 
1.9E-15 
2.OE-16 
4.5E-17 
3.6E-16 
2.9E-14 
5.6E-17 
4.1E-16 
8.6E-16 
8.4E-16 
5.7E-17 
5.7E-17 
8.6E-16 
O.OE+OO 
4.OE-16 
1.6E-16 
1. SE-15 
2.2E-18 
2.7E-16 
8.1E-19 
2.5E-18 
1.5E-15 
1-93-15 
4.OE-16 
1.6E-16 
1.6E-15 
1.7E-16 
3.9E-17 
3.2E-16 
2.6E-14 
4.9E-17 
3.6E-16 
7.6E-16 
7.4E-16 
5.OE-17 
5.OE-17 
7.6E-16 

3.8E-16 
1.6E-16 
1.4E-15 
2.1E-18 

O.OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Depositi-on 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 

2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 

2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 

-2400 

PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 

' TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 

7.3E-13 
2.2E-15 
6.9E-15 
4.OE-12 
4.OE-12 
1.1E-12 
4.3E-13 
4.5E-12 
4.7E-13 
1.1E-13 
8.6E-13 
7.OE-11 
1.3E-13 
9.7E-13 
2.1E-12 
2.OE-12 
1.4E-13 
1.4E-13 
2.1E-12 
5.8E-04 
1.OE-12 
4.1E-13 
3.8E-12 
S.3E-15 
6.8E-13 
2.OE-15 
4.5E-15 
3.8E-12 
3.8E-12 
1.OE-12 
4.OE-13 
4.2E-12 
4.4E-13 
1.OE-13 
8.1E-13 
6.5E-11 
1.3E-13 
9.2E-13 
1.9E-12 
1.9E-12 
1.3E-13 
1.3E-13 
1.9E-12 
5.613-04 
9.8E-13 
4.OE-13 
3.7E-12 

1.3E-16 
3.9E-19 
1.2E-18 
7.3E-16 
7.3E-16 
1.9E-16 
7.7E-17 
8.OE-16 
8.4E-17 
1.9E-17 
1.6E-16 
1.3E-14 
2.4E-17 
1.8E-16 
3.7E-16 
3.6E-16 
2.4E-17 
2.4E-17 
3.7E-16 
0. OE+OO 
1.8E-16 
7.5E-17 
6.8E-16 
9.5E-19 
1.2E-16 
3.7E-19 
8.1E-19 
6.8E-16 
6.8E-16 
1.8E-16 
7.2E-17 
7.6E-16 
7.9E-17 
1.8E-17 
1.5E-16 
1.2E-14 
2.3E-17 
1.6E-16 
3.5E-16 
3.4E-16 
2.3E-17 
2.3E-17 
3.5E-16 
O.OE+OO 
1.8E-16 
7.2E-17 
6.6E-16 

1.3E-16 
3.8E-19 
8.OE-19 
7.OE-16 
7.OE-16 
1.9E-16 
7.43-17 
7.8E-16 
8.2E-17 
1.9E-17 
1.5E-16 
1.2E-14 
2.3E-17 
1.7E-16 
3.6E-16 
3.5E-16 
2.4E-17 
2.4E-17 
3.6E-16 
O.OE+OO 
1 - 7E-16 
7.1E-17 
6.5E-16 
8.2E-19 
1.2E-16 
3.5E-19 
5.3E-19 
6.5E-16 
6.5E-16 
1.7E-16 
6.8E-17 
7.2E-16 
7.5E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.1E-17 
1.6E-16 
3.3E-16 
3.2E-16 
2.2E-17 
2.2E-17 
3.3E-16 
0 .OE+OO 
1.7E-16 
6.8E-17 
6.2E-16 

2.6E-16 
7.7E-19 
2.OE-18 
1.4E-15 
1.4E-15 
3.8E-16 
1. SE-16 
1.6E-15 
1.7E-16 
3.8E-17 
3.1E-16 
2.5E-14 
4.7E-17 
3.5E-16 
7.3E-16 
7.1E-16 
4.8E-17 
4.8E-17 
7.3E-16 
0. OE+OO 
3. SE-16 
1.5E-16 
1.3E-15 
1.8E-18 
2.4E-16 
7.2E-19 
1.3E-18 
1.3E-15 
1.3E-15 
3.5E-16 
1.4E-16 
1.5E-15 
1.5E-16 
3.5E-17 
2.9E-16 
2.3E-14 
4.4E-17 
3.2E-16 
6.8E-16 
6.6E-16 
4.5E-17 
4.5E-17 
6.8E-16 
0 .  OE+OO 
3.4E-16 
1 - 413-16 
1.312-15 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 

- -  ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
ENE 
NE 
NE 
NE 

2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
300 
300 

FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 

* U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-22 8 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 

4.9E-15 
6.6E-13 
2.OE-15 
3.6E-15 
3.7E-12 
3.7E-12 
9.8E-13 
3.9E-13 
4.1E-12 
4.3E-13 
9.7E-14 
7.9E-13 
6.4E-11 
1.2E-13 
8.9E-13 
1.9E-12 
1.8E-12 
1.2E-13 
1.2E-13 
1.9E-12 
4.5E-04 
7.7E-13 
3.1E-13 
2.9E-12 
2.9E-15 
5.2E-13 
1.5E-15 
7.OE-16 
2.9E-12 
2.9E-12 
7.7E-13 
3.1E-13 
3.2E-12 
3.4E-13 
7.7E-14 
6.2E-13 
5.OE-11 
9.5E-14 
7.OE-13 
1.5E-12 
1.4E-12 
9.7E-14 
9.7E-14 
1.5E-12 
8.5E-04 
1. SE-12 
6.8E-13 

8.9E-19 
1.2E-16 
3.6E-.19 
6.5E-19 
6.6E-16 
6.6E-16 
1.8E-16 
7.OE-17 
7.3E-16 
7.7E-17 
1.7E-17 
1.4E-16 
1.1E-14 
2.2E-17 
1.6E-16 
3.4E-16 
3.3E-16 
2.2E-17 
2.2E-17 
3.4E-16 

1.4E-16 
5.6E-17 
S.2E-16 
5.2E-19 
9.4E-17 
2.8E-19 
1.3E-19 
5.2E-16 
5.2E-16 
1.4E-16 
5.5E-17 
5.8E-16 
6.1E-17 
1.4E-17 
1.1E-16 
9.OE-15 
1.7E-17 
1 .jE-16 
2.7E-16 
2.6E-16 
1.8E-17 
1.8E-17 
2.7E-16 
O.OE+OO 
2.8E-16 
1.2E-16 

0 .OE+OO 

7.6E-19 
1.1E-16 
3.3E-19 
4.3E-19 
6.2E-16 
6.23-16 
1.7E-16 
6.6E-17 
6.9E-16 
7.3E-17 
1.6E-17 
1.3E-16 
1.1E-14 
2.1E-17 
1.5E-16 
3.2E-16 
3.1E-16 
2.1E-17 
2.1E-17 
3.2E-16 

1.3E-16 
5.OE-17 
4.7E-16 
4.4E-19 
8.5E-17 
2.5E-19 
8.7E-20 
4.7E-16 
4.7E-16 
1.3E-16 
5.OE-17 
5.33-16 ' 
5.5E-17 
1.3E-17 
1.OE-16 
8.2E-15 
1.6E-17 
1.1E-16 
2.4E-16 
2.4E-16 
1.6E-17 
1.6E-17 
2.4E-16 

0 .OE+OO 

0. OE+OO 
1.5E-15 
6.5E-16 

. 1.6E-18 
2.3E-16 
6.9E-19 
1.1E-18 
1.3E-15 
1.3E-15 
3.4E-16 
1.4E-16 
1.4E-15 
1. SE-16 
3.4E-17 
2.8E-16 
2.2E-14 
4.2E-17 
3.1E-16 
6.6E-16 
6.43-16 , 

4.3E-17 
4.3E-17 
6.6E-16 
O.OE+OO 
2.6E-16 
1.1E-16 
1.OE-15 
9.6E-19 
1.8E-16 
5.2E-19 
2.1E-19 
1.OE-15 
1.OE-15 
2.6E-16 
1.1E-16 
1.1E-15 
1.2E-16 
2.6E-17 
2.1E-16 
1.7E-14 
3.3E-17 
2.4E-16 
5.1E-16 
5.OE-16 
3.3E-17 
3.3E-17 
5.1E-16 
O.OE+OO 
1.8E-15 
7.8E-16 

000339 
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4 2 6 1  

DW Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cml/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

3 00 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
700 
700 

BI-210 
FR-223 
PA-2 3 1 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-23 1 
TH-232 
TH-234 
'U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-2 2 3 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 

5.8E-12 1.OE-15 
2.OE-14 3.6E-18 
1.OE-12 1.9E-16 
3.3E-15 6.OE-19 
1.1E-12 1.9E-16 
5.8E-12 1.OE-15 
5.8E-12 1.OE-15 
1.5E-12 2.8E-16 
6.1E-13 1.1E-16 
6.4E-12 1.2E-15 
6.8E-13 1.2E-16 
1.5E-13 2.8E-17 
1.2E-12 2.2E-16 
1.OE-10 1.8E-14 
1.9E-13 3.5E-17 
1.4E-12 2.5E-16 
3.OE-12 5.3.E-16 
2.9E-12 5.2E-16 
2.OE-13 3.53-17 
2.OE-13 3.53-17 
3.OE-12 5.3E-16 
8.7E-04 0 .  OE+OO 
1.6E-12' 2.83-16 
6-83-13 '1.2E-16 
5.9E-12 1.1E-15 
1.9E-14 3.5E-18 
1.1E-12 1.9E-16 
3.4E-15 6.1E-19 ' 
5.5E-13 1.OE-16 
5.9E-12' 1.1E-15 
9.9E-12 1.1E-15 
1.6E-12 2.8E-16 
6.2E-13 1.1E-16 
6. 5E-12 1.2E-15 
6.9E-13 1.2E-16 
1.6E-13 2. BE-17 
1.3E-12 2.3E-16 
1.OE-10 1.8E-14 
2.OE-13 3.6E-17 
1.4E-12 2.63-16 
3.OE-12 5.4E-16 
2.9E-12 5.3E-16 
2.OE-13 3.6E-17 
2.OE-13 3.63-17 
3.OE-12 5.4E-16 
1.1E-03 O.OE+OO 
1.9E-12 3.4E-16 

5.6E-15 
1.9E-17 
1.OE-15 
3.2E-18 
5.43-16 
5.6E-15 
5.6E-15 
1.5E-15 
5.9E-16 
6.3E-15 
6.6E-16 
1. SE-16 
1.2.E-15 
9.8E-14 
1.9E-16 
1.4E-15 
2.9E-15 
2.8E-15 
1.9E-16 
1.9E-16 
2.9E-15 
0. OE+OO 
9.OE-16 
3.9E-16 
3.4E-15 
1.OE-17 
6.1E-16 
1.9E-18 
1.7E-16 
3.4E-15 
3.4E-15 
9.OE-16 
3.6E-16 
3.7E-15 
3.9E-16 
8.9E-17 
7.2E-16 
5.8E-14 
1.1E-16 
8.2E-16 
1.7E-15 
1.7E-15 
.l.lE-16 
1.1E-16 
1.7E-15 
O.OE+OO 
6.4E-16 

6.7E-15 
2.2E-17 
1.2E-15 
3.8E-18 
7.3E-16 
6.7E-15 
6.7E-15 
1.8E-15 
7.1E-16 
7.4E-15 
7.8E-16 
1.8E-16 
1.4E-15 
1.2E-13 
2.2E-16 
1.6E-15 
3.4E-15 
3.33-15 , ,  

2.2E-16 
2.2E-16 . .  
3.4E-15 

1.2E-15 
5.1E-16 
4.4E-15 
1.4E-17 
8.OE-16 
2.5E-18 
2.7E-16 

* 4.43-15 
4.4E-15 
1.2E-15 
4.7E-16 
4.9E-15 
5.2E-16 
1.2E-16 
9.5E-16 
7.7E-14 
1.5E-16 
1.1E-15 
2.3E-15 
2.2E-15 
1.5E-16 
1.5E-16 
2.3E-15 

9.8E-16 

0. OE+OO 

O.OE+OO 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

NE 
‘NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
m 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

- -  

700 
700 
700 
700 
700 
700 
700 
700 
700 
7 00 
700 
700 
700 

* 700 
700 
700 
700 
700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 

AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 

8.3E-13 
7.2E-12 
2.2E-14 
1.3E-12 
4.1E-15 
3.6E-13 
7.2E-12 
7.2E-12 
1.9E-12 
7.6E-13 
8.OE-12 
8.4E-13 
1.9E-13 
1.5E-12 
1.2E-10 
2.4E-13 
1.7E-12 
3.7E-12 
3.6E-12 
2.4E-13 
2.4E-13 
3.7E-12 
1.2E-03 
2.2E-12 
9.3E-13 
8.1E-12 
2.2E-14 
1.5E-12 
4.6E-15 
1.9E-13 
8.1E-12 
8.1E-12 
2.2E-12 
8.6E-13 
9.OE-12 
9.5E-13 
2.1E-13 
1.7E-12 
1.4E-10 
2.7E-13 
2.OE-12 
4.1E-12 
4.OE-12 
2.7E-13 
2.7E-13 
4.1E-12 
1.1E-03 

1.5E-16 
1.3E-15 
3.9E-18 
2.3E-16 
7.3E-19 
6.5E-17 
1.3E-15 
1.3E-15 
3.4E-16 
1.4E-16 
1.4E-15 
1. SE-16 
3.4E-17 
2.8E-16 
2.2E-14 
4.3E-17 
3.1E-16 
6.6E-16 
6.4E-16 
4.3E-17 
4.3E-17 
6.6E-16 
O.OE+OO 
3.9E-16 
1.7E-16 
1.5E-15 
4.OE-18 
2.6E-16 
8.2E-19 
3.5E-17 
1.5E-15 
1.5E-15 
3.9E-16 
1. 5E-16 
1.6E-15 
1.7E-16 
3.9E-17 
3.1E-16 
2.5E-14 
4.9E-17 
3. SE-16 
7.5E-16 
7.3E-16 
4.9E-17 
4.9E-17 
7.5E-16 
0 .OE+OO 

2.8E-16 
2.4E-15 
6.8E-18 
4.3E-16 
1.4E-18 
7. SE-17 
2 -4E-15 
2.4E-15 
6.4E-16 
2.5E-16 
2.7E-15 
2.8E-16 
6.4E-17 
5.2E-16 
4.2E-14 
8.1E-17 
5.8E-16 
1.2E-15 
1.2E-15 
8.1E-17 
8.1E-17 
1.2E-15 
0 .OE+OO 
4.5E-16 
1.9E-16 
1.7E-15 
4.3E-18 
3.OE-16 
9.4E-19 
2.7E-17 
1.7E-15 
1.7E-15 
4 r5E-16 
1.8E-16 
1.9E-15 
2.OE-16 
4.4E-17 
3.6E-16 
2.9E-14 
5.6E-17 
4.1E-16 
8.6E-16 
8.4E-16 
5.6E-17 
5.6E-17 
8.6E-16 
0 .OE+OO 

4.3E-16 
3.7E-15 
1.1E-17 
6.7E-16 
2.1E-18 
1.4E-16 
3.7E-15 
3.7E-15 
9.8E-16 
3.9E-16 
4.1E-15 
4.3E-16 
9.8E-17 
7.9E-16 
6.4E-14 
1.2E-16 
9.OE-16 
1.9E-15 
1.8E-15 
1.2E-16 
1.2E-16 
1.9E-15 
0 .OE+OO 
8.4E-16 
3.6E-16 
3.1E-15 
8.2E-18 
5.7E-16 
1.8E-18 
6.2E-17 
3.1E-15 
3.1E-15 
8.41~-16 
3.3E-16 
3.5E-15 
3.7E-16 
8.3E-17 
6.7E-16 
5.4E-14 
1.OE-16 
7.6E-16 
1.6E-15 
1.6E-15 
1.1E-16 
1.1E-16 
1.6E-15 
0 .OE+OO 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cmZ/s) (pCi/cm2/s) 
Wind Distance Concentration Rate Rate Rate 

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

* u  

1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-23 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-23 1 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 

1.9E-12 
8.3E-13 
7.3E-12 
1.8E-14 
1.3E-12 
4.1E-15 
9.4E-14 
7.3E-12 
7.3E-12 
1.9E-12 
7.7E-13 
8.1E-12 
8.5E-13 
1.9E-13 
1.6E-12 
1.3E-10 
2.4E-13 
1.8E-12 
3.7E-12 
3.6E-12 
2.4E-13 
2.4E-13 
3.7E-12 
9.9E-04 
1.8E-12 
7.5E-13 
6.6E-12 
1.5E-14 
1.2E-12 
3.7E-15 
5.9E-14 
6.6E-12 
6.6E-12 
1.8E-12 
7.OE-13 
7.4E-12 
7.7E-13 
1.8E-13 
1.4E-12 
1.1E-10 
2.2E-13 
1.6E-12 
3.4E-12 
3.3E-12 
2.2E-13 
2.2E-13 
3 - 4E-12 

3.5E-16 
1.5E-16 
1.3E-15 
3.2E-18 
2.4E-16 
7.3E-19 
1-7E-17 
1.3E-15 
1.3E-15 
3.5E-16 
1.4E-16 
1. SE-15 
1.5E-16 
3.5E-17 
2.8E-16 
2.3E-14 
4.4E-17 
3.2E-16 
6.7E-16 
6.5E-16 
4.4E-17 
4.4E-17 
6.7E-16 
0. OE+OO 
3.2E-16 
1.4E-16 
1.2E-15 
2.8E-18 
2.2E-16 
6.7E-19 
1.1E-17 
1.2E-15 
1.2E-15 
3.2E-16 
1.3E-16 
1.3E-15 
1.4E-16 
3.2E-17 
2.6E-16 
2.1E-14 
4.OE-17 
2.9E-16 
6.1E-16 
6.OE-16 
4.OE-17 
4.OE-17 
6.1E-16 

3.4E-16 
1.5E-16 
1.3E-15 
2.9E-18 
2.3E-16 
7.2E-19 
1.2E-17 
1.3E-15 
1.3E-15 
3.4E-16 
1.4E-16 
1.4E-15 
1.5E-16 
3.4E-17 
2.8E-16 
2.2E-14 
4.3E-17 
3.1E-16 
6.6E-16 
6.4E-16 
4.3E-17 
4.3E-17 
6.6E-16 
O.OE+OO 
3.OE-16 
1.3E-16 
1.1E-15 
2.4E-18 
2.OE-16 
6.2E-19 
7.OE-18 
1.1E-15 
1.1E-15 
3.OE-16 
1.2E-16 
1.2E-15 
1.3E-16 
2.9E-17 
2.4E-16 
1.9E-14 
3.7E-17 
2.7E-16 
5.7E-16 
5.5E-16 
3.7E-17 
3.7E-17 
5.7E-16 

6.9E-16 
2.9E-16 
2.6E-15 
6.2E-18 
4.7E-16 , 

1. SE-18 
2.9E-17 
2.6E-15 
2.6E-15 
6.9E-16 
2.7E-16 
2.9E-15 
3.OE-16 
6.9E-17 
5.6E-16 
4.5E-14 
8.7E-17 
6.3E-16 
1.3E-15 
1.3E-15 
8.7E-17 
8.7E-17 
1.3E-15 

6.1E-16 
2.6E-16 
2.3E-15 
5.1E-18 
4.2E-16 
1.3E-18 
1.8E-17 
2.3E-15 
2.3E-15 
6.1E-16 
2.4E-16 
2.6E-15 
2.7E-16 
6.lE-17 
4.9E-16 
4.OE-14 
7.7E-17 
5.6E-16 
1.2E-15 
1.1E-15 
7.8E-17 
7.8E-17 
1.2E-15 

0. OE+OO 

000342 



! i  

Mar 11, 2002 02:42 pm 

ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

CONCEN 
Page 97 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/d/s) (pCi/cm2/s) 

- -  

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 

RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 

' 'TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
Po-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-23 1 
TH-232 
TH-234 
U-234 
U-235 
U-236 

9.1E-04 
1.6E-12 
6.8E-13 
6.1E-12 
1.3E-14 
1.1E-12 
3.4E-15 
3.8E-14 
6.1E-12 
6.1E-12 
1.6E-12 
6.4E-13 
6.7E-12 
7.1E-13 
1.6E-13 
1.3E-12 
1.OE-10 
2.OE-13 
1.5E-12 
3.1E-12 
3.OE-12 
2.OE-13 
2.OE-13 
3.1E-12 
8.OE-04 
1.4E-12 
6.OE-13 
5.3E-12 
1.OE-14 
9.6E-13' 
2.9E-15 
1.9E-14 
5.3E-12 
5.3E-12 
1.4E-12 
5.6E-13 
5.9E-12 
6.2E-13 
1.4E-13 
1.l.E-12 
9.2E-11 
1.8E-13 
1.3E-12 
2.7E-12 
2.7E-12 
1.8E-13 
1.8E-13 

0 .OE+OO 
2.9E-16 
1.2E-16 
1.1E-15 
2.4E-18 
2.OE-16 
6.1E-19 
6.8E-18 
1.1E-15 
1.lE-15 
2.9E-16 
1.2E-16 
1.2E-15 
1.3E-16 
2.9E-17 
2.3E-16 
1.9E-14 * 

3.6E-17 
2.6E-16 
5.6E-16 
5.4E-16 
3.7E-17 

' 3.7E-17 
' 5.6E-16 
0 .OE+OO 
2.5E-16 
1.1E-16 
9.6E-16 ' 
1.9E-18 
1.7E-16 
5.3E-19 
3.5E-18 
9.6E-16 
9.6E-16 
2.5E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.5E-17 
2.1E-16 
1.7E-14 
3.2E-17 
2.3E-16 
4.9E-16 
4.8E-16 
3.2E-17 
3.2E-17 

0. OE+OO 
2.6E-16 
1.1E-16 
9.8E-16 
1.9E-18 
1.8E-16 
5.4E-19 
4.3E-18 
9.8E-16 
9.8E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.6E-17 
2.1E-16 
1.7E-14 
3.3E-17 
2.4E-16 
5.OE-16 
4.9E-16 
3.3E-17 
3.3E-17 
5.OE-16 
0 .OE+OO 
2.2E-16 
9.2E-17 
8.3E-16 
1.5E-18 
1.5E-16 
4.5E-19 
2.2E-18 
8.3E-16 
8.3E-16 
2.2E-16 
8.7E-17 
9.2E-16 
9.6E-17 
2.2E-17 
1.8E-16 
1.4E-14 
2.7E-17 
2.OE-16 
4.2E-16 
4.1E-16 
2.8E-17 
2.8E-17 

O.OE+OO 
5.5E-16 
2.3E-16 
2.1E-15 
4.3E-18 
3.7E-16 
1.1E-18 
1.1E-17 
2.1E-15 
2.1E-15 
5.5E-16 
2.2E-16 
2.3E-15 
2.4E-16 
5.5E-17 
4.4E-16 
3.6E-14 
6.93-17 , .  
5.OE-16 
1.1E-15 
1.OE-15 
7.OE-17 
7.OE-17 
1.1E-15 
O.OE+OO 
4.7E-16 
2.OE-16 
1.8E-15 
3.4E-18 

1 3.2E-16 
9.8E-19 
5.6E-18 
1.8E-15 
1.8E-15 
4.7E-16 
1.9E-16 
2.OE-15 
2.1E-16 
4.7E-17 
3.8E-16 
3.1E-14 
5.9E-17 
4.3E-16 
9.1E-16 
8.9E-16 
6.OE-17 
6.OE-17 

080343 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Wet Ground Dry 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

. .  - -  

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

NE, 

2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 

U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-23 5 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 

, PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 

2.7E-12 
7.1E-04 
1.3E-12 
5.3E-13 
4.7E-12 
8.4E-15 
8.5E-13 
2.6E-15 
1.OE-14 
4.7E-12 
4.7E-12 
1.3E-12 
5.OE-13 
5.2E-12 
5. SE-13 
1.2E-13 
1.OE-12 
8.2E-11 
1.6E-13 
1.1E-12 
2.4E-12 
2.4E-12 
1.6E-13 
1.6E-13 
2.4E-12 
6.9E-04 
1.2E-12 
5.OE-13 
4.5E-12 
7.8E-15 
8.213-13 
2.5~3-15 
8.1E-15 
4 .'SE-12 
4. SE-12 
1.2E-12 
4.8E-13 
5.OE-12 
5.3E-13 
1.2E-13 
9.7E-13 
7.9E-11 
1.5E-13 
1.1E-12 
2.3E-12 
2.3E-12 
1.5E-13 

4.9E-16 

2.3E-16 
9.5E-17 
8.5E-16 
1.5E-18 
1. SE-16 
4.7E-19 
1.8E-18 
8.5E-16 
8.5E-16 
2.3E-16 
9.OE-17 
9 .4E-.l.6 
9.9E-17 
2.2E-17 
1.8E-16 
1. SE-14 
2.8E-17 
2.1E-16 
4.3E-16 
4.2E-16 
2.9E-17 
2.9E-17 
4.3E-16 
0 .OE+OO 
2.2E-16 
9.1E-17 
8.2E-16 
1.4E-18 
1.5E-16 
4.5E-19 
1.5E-18 
8.2E-16 
8.2E-16 
2.2E-16 
8.6E-17 
9.1E-16 
9.53-17 
2.2E-17 
1.8E-16 
1.4E-14 
2.7E-17 
2.OE-16 
4.2E-16 
4.1E-16 
2.7E-17 

O.OE+OO 
4.2E-16 
O.OE+OO 
1.9E-16 
7.9E-17 
7.2E-16 
1.2E-18 
1.3E-16 
3.9E-19 
1.1E-18 
7.2E-16 
7.2E-16 
1.9E-16 
7.5E-17 
7.9E-16 
8.3E-17 
1.9E-17 
1.5E-16 
1.2E-14 
2.4E-17 
1.7E-16 
3.7E-16 
3.6E-16 
2.4E-17 
2.4E-17 
3.7E-16 
0 .OE+OO 
1.8E-16 
7.6E-17 
6.8E-16 
1.1E-18 
1.2E-16 
3.7E-19 
9.1E-19 
6.8E-16 
6.8E-16 
1.8E-16 
7.2E-17 
7.6E-16 
8.OE-17 
1.8E-17 
1.5E-16 
1.2E-14 
2.3E-17 
1.7E-16 
3.5E-16 
3.4E-16 
2.3E-17 

9.1E-16 

4.2E-16 
1.7E-16 
1.6E-15 
2.7E-18 
2.8E-16 
8.6E-19 
2.9E-18 
1.6E-15 
1.6E-15 
4.2E-16 
1.7E-16 
1.7E-15 
1.8E-16 
4.1E-17 
3.4E-16 
2.7E-14 
5.2E-17 
3.8E-16 
8.OE-16 
7.8E-16 
5.3E-17 
5.3E-17 
8.OE-16 
0 .OE+OO 
4.OE-16 
1.7E-16 
1.5E-15 
2.5E-18 
2.7E-16 
8.2E-19 
2.4E-18 
1.5E-15 
1.5E-15 
4.OE-16 
1.6E-16 
1.7E-15 
'1.8E-16 
4.OE-17 
3.2E-16 
2.6E-14 
5.OE-17 
3.6E-16 
7.7E-16 
7.5E-16 
5.OE-17 

0 .OE+OO 

000344 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/&/s) (pCi/cm2/s) 

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

- -  

2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
27 00 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 

U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
PR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 

1.5E-13 
2.3E-12 
6.4E-04 
1.1E-12 
4.7E-13 
4.23-12 
6.8E-15 
7.6E-13 
2.3E-15 
S.3E-15 
4.2E-12 
4.2E-12 
1.1E-12 
4.SE-13 
4.7E-12 
4.9E-13 
1.1E-13 
9.1E-13 
7.3E-11 
1.4E-13 
1.OE-12 
2.2E-12 
2.1E-12 
1.4E-13 
1.4E-13 
2.2E-12 
6.2E-04 
1.1E-12 
4.5E-13 
4.1E-12 
6.3E-15 
7.4E-13 
2.2E-15 
4.3E-15 
4.1E-12 
4.1E-12 
1.1E-12 
4.3E-13 
4.5E-12 
4.8E-13 
1.13-13 
8.8E-13 
7.1E-11 
1.4E-13 
9.9E-13 
2.1E-12 
2.OE-12 

2.7E-17 
4.2E-16 
0 .OE+OO 
2.OE-16 
8.4E-17 
7.6E-16 
1.2E-18 
1.4E-16 
4.1E-19 
9.5E-19 
7.6E-16 
7.6E-16 
2.OE-16 
8.OE-17 
8. SE-16 
8.9E-17 
2.OE-17 
1.6E-16 
1.3E-14 
2.5E-17 
1.8E-16 
3.9E-16 
3.8E-16 
2.6E-17 
2.6E-17 
3.9E-16 
0 .OE+OO 
2.OE-16 
8.1E-17 
7.4E-16 
1.1E-18 
1.3E-16 
4.OE-19 
7.7E-19 
7.4E-16 
7.4E-16 
2.OE-16 
7.8E-17 
8.2E-16 
8.6E-17 
1.9E-17 
1.6E-16 
1.3E-14 
2.4E-17 
1.8E-16 
3.8E-16 
3.7E-16 

2.3E-17 
3. SE-16 

1.7E-16 
6.9E-17 
6.3E-16 
9.4E-19 
1.1E-16 
3.43-19 
6.OE-19 
6.3E-16 
6.3E-16 
1.7E-16 
6.6E-17 
7.OE-16 
7.3E-17 
1.7E-17 
1.3E-16 
1.1E-14 
2.1E-17 
1. SE-16 
3.2E-16 
3.1E-16 
2.1E-17 
2-13-19 
3.2E-16 
0 .OE+OO 
1.6E-16 
6.6E-17 
6.lE-16 
8.7E-19 
1.1E-16 
3.3E-19 
4.9E-19 
6.1E-16 
6.1E-16 
1.6E-16 
6.4E-17 
6.7E-16 
7.OE-17 
1.6E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1.5E-16 
3.1E-16 
3.OE-16 

0 .OE+OO 

5.OE-17 
7.7E-16 

3.7E-16 
1.5E-16 . 
1.4E-15 
2.2E-18 
2. SE-16 
7.6E-19 
1.5E-18 
1.4E-15 
1.4E-15 
3.7E-16' 
1.5E-16 
1. SE-15 
1.6E-16 
3.7E-17 
3.OE-16 
2.4E-14 
4.6E-17 
3.4E-16 
7.1E-16 
6.9E-16 
4.7E-17 
4.7E-17 
7.1E-16 
0 .OE+OO 
3.6E-16 
1. 5E-16 
1.3E-15 
2.OE-18 
2.4E-16 
7.3E-19 
1.3E-18 
1.3E-15 
1.3E-15 
3.6E-16 
1.4E-16 
1.5E-15 
1.6E-16 
3.5E-17 
2.9E-16 
2.3E-14 
4.4E-17 
3.2E-16 
6.8E-16 
6.7E-16 

O.OE+OO 

000345 
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (gCi/L) (PCi/Cm2/S) (pCi/CM/S) (pCi/CIII2/S) 

NE 

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NNE 
NNE 
NNE 
NNE 
rn 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
m 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

Ni3 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
300 
300 
300 
300 
300 
3 00 
300 
300 
3 00 
300 
300 
300 
3 00 
300 
3 00 
300 
300 
300 
300 
300 

U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-2 3 4 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 

1.4E-13 
1.4E-13 
2.1E-12 
4.8E-04 
8.4E-13 
3.4E-13 
3.1E-12 
3.8E-15 
5.7E-13 
1.7E-15 
8.2E-16 
3.1E-12 
3.1E-12 
8.4E-13 
3.3E-13 
3.5E-12 
3.7E-13 
8.3E-14 
6.7E-13 
5.4E-11 
1.OE-13 
7.6E-13 
1.6E-12 
1.6E-12 
1.1E-13 
1.1E-13 
1.6E-12 
6.7E-04 
1.2E-12 
5.3E-13 
4.6E-12 
1.6E-14 
8.2E-13 
2.6E-15 
8.3E-13 
4.6E-12 
4.6E-12 
1.2E-12 
4.8E-13 
5.1E-12 
5.3E-13 
1.2E-13 
9.8E-13 
7.9E-11 
1. SE-13 
1.1E-12 
2.3E-12 

2.5E-17 
2. SE-17 
3.8E-16 
O.OE+OO 
1.5E-16 
6.1E-17 
5.7E-16 
6.8E-19 
1.OE-16 
3.OE-19 
1.5E-19 
5.7E-16 
5.7E-16 
1.5E-16 
6,OE-17 
6.3E-16 
6.6E-17 
1.5E-17 
1.2E-16 
9.8E-15 
1.9E-17 
1.4E-16 
2.9E-16 
2.8E-16 
1.9E-17 
1.9E-17 
2.9E-16 
0 .OE+OO 
2.2E-16 
9. SE-17 
8.2E-16 
2.913-18 
1. SE-16 
4.7E-19 
1. SE-16 
8.2E-16 
8.2E-16 
2.2E-16 
8.6E-17 
9.1E-16 
9.5E-17 
2.2E-17 
1.8E-16 
1.4E-14 
2.8E-17 
2.OE-16 
4.2E-16 

2.OE-17 
2.OE-17 
3.1E-16 
O.OE+OO 
1.2E-16 
5.OE-17 
4.6E-16 
5.3E-19 

, 8-33-17 
2.4E-19 
9.8E-20 
4.6E-16 
4.6E-16 
1.2E-16 
4.9E-17 
5.1E-16 
5.4E-17 
1.2E-17 
9.9E-17 
8.OE-15 
1. SE-17 
1.1E-16 
2.4E-16 
2.3E-16 
1. SE-17 
1.5E-17 
2.4E-16 
O.OE+OO 
1.OE-15 
4.6E-16 
3.9E-15 
1.3E-17 
7.1E-16 
2.2E-18 
4.513-16 
3.9E-15 
3.9E-15 
1.OE-15 
4.2E-16 
4.4E-15 
4.6E-16 
1.OE-16 
8.5E-16 
6. BE-14 
1.3E-16 
9.5E-16 
2.OE-15 

4.5E-17 
4. 5E-17 
6.8E-16 
O.OE+OO 
2.7E-16 
1.1E-16 
1.OE-15 
1.2E-18 
1.8E-16 
5.5E-19 
2.5E-19 
1.OE-15 
1.OE-15 
2.7E-16 
1.1E-16 
1.1E-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.8E-14 
3.4E-17 
2.5E-16 
S.2E-16 
5.1E-16 
3.4E-17 
3.4E-17 
5.2E-16 
0 .OE+OO 
1.3E-15 
5.5E-16 
4.8E-15 
1.6E-17 
8.6E-16 
2.7E-18 
6.013-16 
4.8E-15 
4.813-15 
1.3E-15 
5.OE-16 
5.3E-15 
5 .  5E-16 
1.3E-16 
1.OE-15 
8.2E-14 
1.6E-16 
1.2E-15 

000346 
2.4E-15 



- -------%- 

Mar 11, 2002 02:42 pm 

ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

CONCEN 
Page ** 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2'/s) (PCi/&/S) 

NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

L -  NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
Nra 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

300 
300 
300 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 

U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-2 10 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-23 6 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 

TH-230 
TH-231 
TH-232 

TH-228 

2.3E-12 
1.5E-13 
1.5E-13 
2.3E-12 
7.OE-04 
1.3E-12 
5.6E-13 
4.8E-12 
1.6E-14 
8.6E-13 
2.7E-15 
4.7E-13 
4.8E-12 
4.8E-12 
1.3E-12 
5.OE-13 
5.3E-12 
5.6E-13 
1.3E-13 
1.OE-12 
8.3E-11 
1.6E-13 
1.2E-12 
2.4E-12 
2.4E-12 
1.6E-13 
1.6E-13 
2.4E-12 
8.6E-04 
1.6E-12 
6.8E-13 
5.8E-12 
1.8E-14 
1.1E-12 
3.3E-15 
3.2E-13 
S .8E-12 
5.8E-12 
1.6E-12 
6.2E-13 
6.5E-12 
6.8E-13 
1.5E-13 
1.3E-12 
1.OE-10 
2.OE-13 
1.4E-12 

4.1E-16 
2.8E-17 
2. BE-17 
4.2E-16 
0 .OE+OO 
2.3E-16 
1.OE-16 
8.6E-16 
2.8E-18 
1.6E-16 
4.9E-19 
8.4E-17 
8.6E-16 
8.6E-16 
2.3E-16 
9.1E-17 
9.6E-16 
1.OE-16 
2.3E-17 
1.8E-16 
1.. 5E-14 
2.9E-17 
2.1E-16 
4.4E-16 
4.3E-16 
2.9E-17 
2.9E-17 
4.4E-16 
O.OE+OO 
2.8E-16 
1.2E-16 
1.1E-15 
3.3E-18 
1.9E-16 
6.OE-19 
5.8E-17 
1.1E-15 
1.1E-15 
2.8E-16 
1.1E-16 
1.2E-15 
1.2E-16 
2.8E-17 
2.3E-16 
1.8E-14 
3.5E-17 
2.5E-16 

2.OE-15 
1.3E-16 
1.3E-16 
2.OE-15 
0 .OE+OO 
6.3E-16 
2.7E-16 
2.4E-1s 
7.3E-18 
4.3E-16 
1.3E-18 
1.5E-16 
2.4E-15 
2.4E-15 
6.3E-16 
2.5E-16 
2.6E-15 
2.8E-16 
6.2E-17 
5.1E-16 
4.1E-14 
7.9E-17 
5.7E-16 
1.2E-15 
1.2E-15 
7.9E-17 
7.9E-17 
1.2E-15 
O.OE+OO 
4.  SE-16 
1.9E-16 
1.7E-15 
4.8E-18 
3.OE-16 
9. SE-19 
6.8E-17 
1.7E-15 
1.7E-15 
4.5E-16 
1.8E-16 
1.9E-1s 
2.OE-16 
4.4E-17 
3.6E-16 
2.9E-14 
S.6E-17 
4.1E-16 

2.4E-15 
1.6E-16 
1.6E-16 
2.4E-15 

8.6E-16 
3.7E-16 
3.2E-15 
1.OE-17 
5.8E-16 
1.8E-18 
2.4E-16 
3.2E-15 
3.2E-15 
8.6E-16 
3.4E-16 
3.6E-15 
3.8E-16 
8.5E-17 
6.9E-16 
5.6E-14 
1.1E-16 
7.8E-16 
1.6E-15 
1.6E-15 
1.1E-16 
1.1E-16 
1.6E-15 
0 .OE+OO 
7.3E-16 
3.2E-16 
2.7E-15 
8.1E-18 
4.9E-16 
1. SE-18 
1.3E-16 
2.7E-15 
2.7E-15 
7.3E-16 
2.9E-16 
3.OE-15 
3.2E-16 
7.2E-17 
5.9E-16 
4.7E-14 
9.2E-17 
6.6E-16 

0 .OE+OO 
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Wet Ground D r y  
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/d/s) (pCi/d/S) 

NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
'NNE 
NNE a- NNE - 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

700 
700 
700 
700 
700 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 

1900 

TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 

3. QE-12 
2.9E-12 
2.OE-13 
2.OE-13 
3.OE-12 
9.4E-04 
1.7E-12 
7.3E-13 
6.4E-12 
1.813-14 
1.1E-12 
3.6E-15 
1.7E-13 
6.4E-12 
6.4E-12 
1.7E-12 
6.7E-13 
7.1E-12 
7.4E-13 
1.7E-13 
1.4E-12 
1.1E-10 
2.1E-13 
1.5E-12 
3.3E-12 
3.2E-12 
2.1E-13 
2.1E-13 
3.3E-12 
8.3E-04 
1.5E-12 
6.4E-13 
5.6E-12 
1.4E-14 
1.OE-12 
3.1E-15 
8.3E-14 
5.6E-12 
5.6E-12 
1.5E-12 
5.9E-13 
6.2E-12 
6.5E-13 
1.5E-13 
1.2E-12 
9.7E-11 
1.9E-13 

5.4E-16 
5.2E-16 
3.5E717 
3.5E-17 
5.4E-16 

3.1E-16 
1.3E-16 
1.1E-15 
3.2E-18 
2.1E-16 
6. SE-19 
3.1E-17 
1.1E-15 
1.1E-15 
3.1E-16 
1.2E-16 
1.3E-15 
1.3E-16 
3.OE-17 
2.5E-16 
2.OE-14 
3.8E-17 
2.8E-16 
5.9E-16 
5.7E-16 
3.9E-17 
3.9E-17 
5.9E-16 

2.7E-16 
1.2E-16 
1.OE-15 
2.6E-18 
1.8E-16 
5.7E-19 
1.5E-17 
1.OE-15 
1 :OE-15 
2.7E-16 
1.1E-16 
1.1E-15 
1.2E-16 
2.7E-17 
2.2E-16 
1.7E-14 
3.4E-17 

0 .OE+OO 

0 .OE+OO 

8.6E-16 
8.4E-16 
5.7E-17 
5.7E-17 
8.6E-16 
O.OE+OO 
3.1E-16 
1.3E-16 
1.2E-15 
3.OE-18 
2.1E-16 
6.6E-19 
2.5E-17 
1.2E-15 
1.2E-15 
3.1E-16 
1.2E-16 
1.3E-15 
1.4E-16 
3.1E-17 
2.5E-16 
2.OE-14 
3.9E-17 
2.8E-16 
6.OE-16 
5.8E-16 
3.9E-17 
3.9E-17 
6.OE-16 
0 .OE+OO 
2.4E-16 
1.OE-16 
9.OE-16 
2.1E-18 
1.6E-16 
5.OE-19 
1.OE-17 
9.OE-16 
9.OE-16 
2.4E-16 
9.5E-17 
1.OE-15 
1.OE-16 
2.4E-17 
1.9E-16 
1.6E-14 
3.OE-17 

1.4E-15 
1.4E-15 
9.2E-17 
9.2E-17 
1.4E-15 
0 .OE+OO 
6.2E-16 
2.7E-16 
2.3E-15 
6.3E-18 
4.2E-16 
1.3E-18 
5.6E-17 
2.3E-15 
2.3E-15 
6.2E-16 
2.43-16 , 

2.6E-15 
2.7E-16 
6.1E-17 
5.OE-16 
4,OE-14 
7.8E-17 
5.6E-16 
1.2E-15 
1.2E-15 
7.8E-17 
7.8E-17 
1.2E-15 

5.1E-16 
2.2E-16 
1.9E-15 
4.7E-18 
3.4E-16 
1.1E-18 
2.5E-17 
1.9E-15 
1.9E-15 
5.1E-16 
2.OE-16 
2.1E-15 
2.2E-16 
5.OE-17 
4.1E-16 
3.3E-14 
6.4E-17 

0. OE+OO 

. *  - .  . 
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Dry wet Ground 
Air Deposition Deposition Deposition 

Toward (meters) Nuclide (pCi/L) (pCi/cml/s) (pCi/cm2/s) ( p C i / d / S )  
Wind Distance Concentration Rate Rate Rate 

- -  

. .  

NNE 

NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
N N E .  
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

NtiE 
1300 
1300 
1300 
1300 
1300 
1300 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 

TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 ’ 

U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 

1.4E-12 
2.9E-12 
2.8E-12 
1.9E-13 
1.9E-13 
2.9E-12 
7.5E-04 
1.3E-12 
5.8E-13 
5.1E-12 
1.2E-14 
9.1E-13 
2.8E-15 
5.2E-14 
5.1E-12 
5.1E-12 
1.3E-12 
5.4E-13 
5.6E-12 
5.9E-13 
1.3E-13 
1.1E-12 
8.8E-11 
1.7E-13 
1.2E-12 
2.6E-12 
2.5E-12 
1.73-13 
1.7E-13 
2.6E-12 
6.9E-04 
1.2E-12 
5.2E-13 
4.6E-12 
1.1E-14 
8.3E-13 
2.6E-15 
3.2E-14 
4.6E-12 
4.6E-12 
1.2E-12 
4.8E-13 
5.1E-12 
5.4E-13 
1.2E-13 
9.9E-13 
8.OE-11 

2.4E-16 
5.1E-16 
5.OE-16 
3.4E-17 
3.4E-17 
5.1E-16 
O.OE+OO 
2.4E-16 
1.OE-16 
9.1E-16 
2.2E-18 
1.6E-16 
5.1E-19 
9.3E-18 
9.1E-16 
9 .*1E-16 
2.4E-16 
9.6E-17 
1.OE-15 
1. IE-16 
2.4E-17 
2.OE-16 
1.6E-14 
3.OE-17 
2.2E-16 
4.7E-16 
4.5E-16 
3.1E-17 
3.1E-17 
4.7E-16 

2.2E-16 
9.4E-17 
8.3E-16 
1.9E-18 
1.5E-16 
4.6E-19 
5.8E-18 
8.3E-16 
8.33-16 
2.2E-16 
8.7E-17 
9.2E-16 
9.6E-17 
2.2E-17 
1.8E-16 
1.4E-14 

0. OE+OO 

2.2E-16 
4.6E-16 
4.5E-16 
3.OE-17 
3.OE-17 
4.6E-16 
O.OE+OO 
2.1E-16 

. 8.83-17 
7.8E-16 
1.7E-18 
1.4E-16 
4.3E-19 
6.2E-18 
7.8E-16 
7.8E-16 
2.1E-16 
8.2E-17 
8.6E-16 
9.1E-17 
2.1E-17 
1.7E-16 
1.3E-14 
2.6E-17 
1.9E-16 
4.OE-16 
3.9E-16 
2.6E-17 
2.6E-17 
4.OE-16 
0.  OE+OO 
1.8E-16 
7.7E-17 
6.8E-16 
1.4E-18 
1.2E-16 
3.8E-19 
3.8E-18 
6.8E-16 
6.8E-16 
1.8E-16 
7.2E-17 
7.6E-16 
8.OE-17 
1.8E-17 
1.5E-16 
1.2E-14 

4.6E-16 
9.7E-16 
9.5E-16 
6.4E-17 
6.43-17 
9.7E-16 

4.5E-16 
1.9E-16 
1.7E-15 
3.9E-18 
3.OE-16 
9.4E-19 
1.6E-17 
1.7E-15 
1.7E-15 
4.5E-16 
1.8E-16 
1.9E-15 
2.OE-16 
4.5E-17 
3.6E-16 
2.9E-14 
5.6E-17 
4.1E-16 
8.6E-16 
8.4E-16 
5.7E-17 
5.7E-17 
8.6E-16 
O.OE+OO 
4.OE-16 
1.7E-16 
1.5E-15 
3.3E-18 
2.7E-16 
8.4E-19 
9.6E-18 
1.5E-15 
1.5E-15 
4.OE-16 
1.6E-16 
1.7E-15 
1.8E-16 
4.OE-17 
3.2E-16 
2.6E-14 

O.OE+OO 

000349 



- ,& rV 
Mar 11, 2002 02:42 pm CONCEN . 426'1 

Page ** 

ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

NNE 
.NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
W E  
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

1700 
1700 
1700 
1700 
1700 
1700 
1700 
2000 
2000 
2000 
2000 
2000 
2000 
-2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 

TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 

' AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 

1.5E-13 
1.1E-12 
2.3E-12 
2.3E-12 
1. 5E-13 
1.5E-13 
2.3E-12 
6.OE-04 
1.1E-12 
4.5E-13 
4.OE-12 
8.4E-15 
7.2E-13 
2.2E-15 
1.6E-14 
4.OE-12 
4.OE-12 
1.1E-12 
4.2E-13 
4.4E-12 
4.7E-13 
1.1E-13 
8.6E-13 
6.9E-11 
1.3E-13 
9.7E-13 
2.OE-12 
2.OE-12 
1.3E-13 
1.3E-13 
2.OE-12 
5.3E-04 
9.3E-13 
3.9E-13 
3. SE-12 
6.8E-15 
6.3E-13 
1.9E-15 
8.5E-15 
3. SE-12 
3.5E-12 
9.3E-13 
3.7E-13 
3.9E-12 
4.1E-13 
9.3E-14 
7. SE-13 

2.8E-17 
2.OE-16 
4.2E-16 
4.1E-16 
2.8E-17 
2.8E-17 
4.2E-16 

1.9E-16 
8.1E-17 
7.2E-16 
1. SE-18 
1.3E-16 
4.OE-19 
3.OE-18 
7.2E-16 
7.2E-16 
1.9E-16 
7.6E-17 
8.OE-16 
8.4E-17 
1.9E-17 
1.5E-16 
1.2E-14 
2.4E-17 
1.7E-16 
3.7E-16 
3.6E-16 
2.4E-17 
2.4E-17 
3.7E-16 

1.7E-16 
7.1E-17 
6.3E-16 
1.2E-18 
1.1E-16 
3. 5E-19 
1.5E-18 
6.313-16 
6.3E-16 
1.7E-16 
6.7E-17 
7.OE-16 
7.4E-17 
1.7E-17 
1.4E-16 

O.OE+OO 

0 .OE+OO 

2.3E-17 
1.7E-16 
3.5E-16 
3.4E-16 
2.3E-17 
2.3E-17 
3.5E-16 

1. SE-16 
6. SE-17 
5.8E-16 
1.1E-18 
1.OE-16 
3.2E-19 
1.9E-18 
5.8E-16 
5.8E-16 
1.5E-16 
6.1E-17 
6.4E-16 
6.7E-17 
1.5E-17 
1.2E-16 
1.OE-14 
1.9E-17 
1.4E-16 
3.OE-16 
2.9E-16 
1.9E-17 
1.9E-17 
3.OE-16 

1.3E-16 
5.6E-17 
5.OE-16 
8.7E-19 
9.OE-17 
2.7E-19 
9.9E-19 
5.OE-16 
5.OE-16 
1.3E-16 
5.3E-17 
5.6E-16 
5.8E-17 
1.3E-17 
1.1E-16 

O.OE+OO 

O.OE+OO 

5.OE-17 
3.7E-16 
7.7E-16 
7.5E-16 
5.1E-17 
5.1E-17 
7.7E-16 
O.OE+OO 
3.4E-16 
1.5E-16 
1.3E-15 
2.6E-18 
2.3E-16 
7.2E-19 
4.9E-18 
1.3E-15 
1.3E-15 
3.4E-16 
1.4E-16 
1.4E-15 
1.5E-16 
3.4E-17 
2.8E-16 
2.2E-14 
4.3E-17 
3.1E-16 
6.6E-16 
6.5E-16 
4.4E-17 
4.4E-17 
6.6E-16 
O.OE+OO 
3.OE-16 
1.3E-16 
1.1E-15 
2.1E-18 
2.OE-16 
6.2E-19 
2.5E-18 
1.1E-15 
1.1E-15 
3.OE-16 
1.2E-16 
1.3E-15 
1.3E-16 
3.OE-17 
2.4E-16 

o o o ~ s o  
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ESTIMATED RADIONUCLIDE CONCENTRATIONS 
AT VARIOUS LOCATIONS IN THE ENVIRONMENT 

Dry Wet Ground 
Air Deposition Deposition Depositbn 

Wind Distance Concentration Rate Rate Rate 
Toward (meters 1 Nuclide ( pCi /L 1 ( pCi /cm2 / 8 1 ( pCi / cm2 / s 1 ( pCi / cm2 / 8 1 

1 i - 

NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 

TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA- 2 3 4M 
PB-210 
PO-210 
RA-223 
.RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-2 3 0 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-2 34M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-2 2 8 
TH-227 

6.1E-11 
1.2E-13 
8.5E-13 
1.8E-12 
1.7E-12 
1.2E-13 
1.2E-13 
1.8E-12 
5.1E-04 
9.OE-13 
3 - 8E-13 
3 - 4E-12 
6.3E-15 
6.1E-13 
1.9E-15 
6.9E-15 
3 4E-12 
3.4E-12 
9.OE-13 
3.6E-13 
3.7E-12 
3.9E-13 
8.9E-14 
7.2E-13 
5.8E-11 
1.1E-13 
8.1E-13 
1 - 7E-12 
1.7E-12 
1 - 1E-13 
1.1E-13 
1.7E-12 
4.7E-04 
8.3E-13 
3.5E-13 
3.1E-12 
5.5E-15 
5.6E-13 
1.7E-15 
4.5E-15 
3.1E-12 
3.1E-12 
8.3E-13 
3.3E-13 
3.5E-12 
3.6E-13 
8.2E-14 

1.1E-14 
2.1E-17 
1. SE-16 
3.2E-16 
3.1E-16 
2.1E-17 
2.1E-17 
3.2E-16 
O.OE+OO 
1.6E-16 
6.8E-17 
6.1E-16 
1.1E-18 
1.1E-16 
3.3E-19 
1.2E-18 
6.1E-16 
6.1E-16 
1.6E-16 
6.4E-17 
6.7E-16 
7.1E-17 
1.6E-17 
1.3E-16 
1.OE-14 
2.OE-17 
1.5E-16 
3.1E-16 
3.OE-16 
2.OE-17 
2.OE-17 
3.1E-16 
0 .OE+OO 
1.5E-16 
6.2E-17 
5.6E-16 
9.9E-19 
1.OE-16 
3.1E-19 
8.1E-19 
5.6E-16 
5.6E-16 
1.5E-16 
5.9E-17 
6.2E-I6 
6.5E-17 
1.5E-17 

8.7E-15 
1.7E-17 
1.2E-16 
2.6E-16 
2.5E-16 
1.7E-17 
1.7E-17 
2.6E-16 
O.OE+OO 
1.3E-16 
5.3E-17 
4.8E-16 
8.1E-19 
8.6E-17 
2.6E-19 
8.OE-19 
4.8E-16 
4.8E-16 
1.3E-16 
5.1E-17 
5.3E-16 
5.6E-17 
1.3E-17 
1.OE-16 
8.3E-15 
1.6E-17 
1.2E-16 
2.4E-16 
2.4E-16 
1.6E-17 
1.6E-17 
2.4E-16 

1.2E-16 
4.9E-17 
4.4E-16 
7.1E-19 
7.9E-17 
2.4E-19 
5.2E-19 
4.4E-16 
4.4E-16 
1.2E-16 
4.6E-17 
4.9E-16 
5.1E-17 
1.2E-17 

O.OE+OO 

2.OE-14 
3.8E-17 
2.7E-16 
5.8E-16 
5.6E-16 
3.8E-17 
3.8E-17 
5.8E-16 
O.OE+OO 
2.9E-16 
1.2E-16 
1.1E-15 
1.9E-18 
2.OE-16 
5.9E-19 
2.OE-18 
1.1E-15 
1.1E-15 ' 

2.9E-16 
1.1E-16 
1.2E-15 
1.3E-16 
2.9E-17 
2.3E-16 
1.9E-14 
3.6E-17 
2.6E-16 
5.5E-16 
5.4E-16 
3.6E-17 
3.6E-17 
5.5E-16 

0 O.OE+OO 
2.7E-16 
1.1E-16 
1.OE-15 
1.7E-18 
1.8E-16 
5.5E-19 
1.3E-18 
1.OE-15 
1.OE-15 
2.7E-16 
1.1E-16 
1.m-I5 
1.2E-16 
2.6E-17 
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AT VARIOUS LOCATIONS IN THE ENVIRONMENT 
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Wet Ground Dry 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters) Nuclide (pCi/L) (pCi/cm2/s) (pCi/cm2/s) (pCi/cm2/s) 

NNE 
NNE 
NNE 
NNE 
Iura 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

- -  NNE 
NNE 
NNE a NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2600 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
2700 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 

* ’ PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 
TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 
RN-222 
AC-227 
AC-228 
BI-210 
FR-223 
PA-231 
PA-234 
PA-234M 
PB-210 
PO-210 
RA-223 
RA-224 
RA-226 
RA-228 

6.7E-13 
5.4E-11 
1.OE-13 
7.5E-13 
1.6E-12 
1.6E-12 
1.OE-13 
1.OE-13 
1.6E-12 
4.6E-04 
8.OE-13 
3.3E-13 
3.OE-12 
5.1E-15 
5.4E-13 
1.6E-15 
3.6E-15 
3.OE-12 
3.OE-12 
8.OE-13 
3.2E-13 
3.3E-12 
3 -5E-13 ’ 
7.9E-14 
6.4E-13 
5.2E-11 
1.OE-13 
7.3E-13 
1.5E-12 
1.5E-12 
1.OE-13 
1.OE-13 
1.5E-12 
3. SE-04 
6.1E-13 
2. SE-13 
2.3E-12 
3.1E-15 
4.1E-13 
1.2E-15 
7.OE-16 
2.3E-12 
2.3E-12 
6.1E-13 
2.4E-13 
2.5E-12 
2.7E-13 

1.2E-16 
9.7E-15 
1.9E-17 
1.4E-16 
2.9E-16 
2.8E-16 
1.9E-17 
1.9E-17 
2.9E-16 

1.4E-16 
6.OE-17 
5.4E-16 
9.2E-19 
9.7E-17 
3.OE-19 
6. SE-19 * 

5.4E-16 
5.4E-16 
1.4E-16 
5.7E-17 
6.OE-16 
6 .) 3E-17 
1.4E-17 
1.2E-16 
9.4E-15 
1.8E-17 
1.3E-16 ‘ 
2.8E-16 
2.7E-16 
1.8E-17 
1.8E-17 
2.8E-16 

1.1E-16 
4.5E-17 
4.1E-16 
5.6E-19 
7.4E-17 
2.2E-19 
1.3E-19 
4.1E-16 
4.1E-16 
1.1E-16 
4.3E-17 
4.6E-16 
4.8E-17 

O.OE+OO 

O.OE+OO 

9.4E-17 
7.6E-15 
1.5E-17 
1.1E-16 
2.3E-16 
2.2E-16 
1. SE-17 
1.5E-17 
2.3E-16 

1.1E-16 
4.7E-17 
4.2E-16 
6.6E-19 
7.6E-17 
2.3E-19 
4.3E-19 
4.2E-16 
4.2E-16 
1.1E-16 
4.5E-17 
4.7E-16 
4.9E-17 
1.1E-17 
9.1E-17 
7.3E-15 
1.4E-17 
1.OE-16 
2.2E-16 
2.1E-16 
1.4E-17 
1.4E-17 
2.2E-16 
0 .OE+OO 
8.6E-17 
3.5E-17 
3.2E-16 
4.1E-19 
5.8E-17 
1.7E-19 
8.6E-20 
3.2E-16 
3.2E-16 
8.6E-17 
3.4E-17 
3.6E-16 
3.8E-17 

O.OE+OO 

2.1E-16 
1.7E-14 
3.3E-17 
2.4E-16 
5.1E-16 
5.OE-16 
3.4E-17 
3.4E-17 
5.1E-16 

2.6E-16 
1.1E-16 
9.6E-16 
1.6E-18 
1.7E-16 
5.3E-19 
1.1E-18 
9.63-16 , .  
9.6E-16 
2.6E-16 
1.OE-16 
1.1E-15 
1.1E-16 
2.5E-17 
2.1E-16 
1.7E-14 
3.2E-17 
2.3E-16 
4.9E-16 

I 4.8E-16 
3.2E-17 
3.2E-17 
4.9E-16 
O.OE+OO 
1.9E-16 
7.9E-17 
7.3E-16 
9.7E-19 
1.3E-16 
3.9E-19 
2.1E-19 
7.3E-16 
7.3E-16 
1.9E-16 
7.7E-17 
8.1E-16 
8.5E-17 

O.OE+OO 
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Dry Wet Ground 
Air Deposition Deposition Deposition 

Wind Distance Concentration Rate Rate Rate 
Toward (meters ) Nuclide ( pCi /L ) ( pCi /cm2 / s 1 ( pCi / cm2 / s ) ( pCi / cm2 / 8 1 

NNE 
nNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 
NNE 

/ 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

TH-227 
TH-228 
TH-230 
TH-231 
TH-232 
TH-234 
U-234 
U-235 
U-236 
U-238 

6.OE-14 
4.9E-13 
3.9E-11 
7.5E-14 
5.5E-13 
1.2E-12 
1.1E-12 
7.7E-14 
7.7E-14 
1.2E-12 

1.1E-17 
8.8E-17 
7.1E-15 
1.4E-17 
9.9E-17 
2.1E-16 
2.OE-16 
1.4E-17 
1.4E-17 
2.1E-16 

8.5E-18 
6.9E-17 
5.6E-15 
1.1E-17 
7.8E-17 
1.6E-16 
1.6E-16 
1.1E-17 
1.1E-17 
1.6E-16 

1.9E-17 
1.6E-16 
1.3E-14 
2.4E-17 
1.8E-16 
3.7E-16 
3.7E-16 
2.5E-17 
2.5E-17 
3.7E-16 

. 
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Version 2.00 

Clean Air Act Assessment Package - 1988 

C H I / Q  T A B L E S  

Radon Individual Assessment 
Mar 11, 2002 02:42 pm 

Facility: Fernald Silo 3 Particulates/Radon Stack Release. 
Address: Fernald 

City: Fernald 
State: OH Zip : 

Source Category: 
Source Type: Stack 

Emission Year: 2002 

Comments : 

Dataset Name: Fernald Silo 3 
Dataset Date: Mar 11, 2002 02:42 pm 

Wind File: C:\CAP88PC2\WNDFILES\NEWFREDB.WND 
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4261. 

GROUND-LEVEL CHI/Q VALUES FOR RN-222 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

D i r  300 500 700 1000 1300 1500 1700 
~ _ _ _ ~  

N 3.0773-07 3.1803-07 3.9213-07 4.4303-07 3.9573-07 3.6153-07 3.2963-07 
NNW 1.5213-07 1.7583-07 2.3493-07 2.8063-07 2.5663-07 2.3683-07 2.1753-07 
NW 1.2313-07 1.3963-07 1.7493-07 2.0623-07 1.9143-07 1.7873-07 1.6623-07 

WNW 1.8123-07 1.8633-07 2.1093-07 2.2893-07 2.0743-07 1.9193-07 1.7753-07 
W 3.4443-07 3.4353-07 3.7573-07 3.9793-07 3.5713-07 3.2993-07 3.0523-07 

WSW 5.7163-07 6.4643-07 7.5673-07 7.7193-07 6.6503-07 5.9873-07 5.4053-07 
SW 3.9423-07 4.5823-07 5.1223-07 4.7993-07 3.9613-07 3.4843-07 3.0823-07 

SSW 2.1393-07 3.1893-07 3.8543-07 3.7503-07 3.1323-07 2.7703-07 2.4613-07 
S 1.9763-07 2.8803-07 3.4983-07 3.5383-07 3.0213-07 2.7023-07 2.4223-07 

SSE 2.4023-07 3.1183-07 3.8353-07 4.1013-07 3.6103-07 3.2903-07 3.0073-07 
S E  3.0943-07 3.7603-07 4.5463-07 4.9093-07 4.3626-07 4.0013-07 3.6853-07 

ESE 3.6483-07 4.6723-07 5.9203-07 6.4683-07 5.7073-07 5.2013-07 4.7563-07 
E S.8793-07 6.4013-07 7.6533-07 8.2503-07 7.2763-07 6.6313-07 6.0593-07 

ENE 7.3013-07 7.1293-07 8.3823-07 9.3373-07 8.4013-07 7,7343-07 7.1213-07 
- -  NE 7.745E-07 7.8803-07 9.6203-07 1 . 0 9 1 3 4 6  9:7983-07 8.9913-07 8.2373-07 

NNE 6.0753-07 6.3893-07 7.8143-07 8.5583-07 7.5443-07 6.8563-07 6 . 2 3 0 3 ~ 0 7  

~ ~ ~ 

Distance (meters) 

D i r  2000 2300 2400 2600 2700 3500 
~ ~~~~ - ~~ ~~ 

N 2.8853-07 2.5523-07 2.4563-07 2.2823-07 2 .‘2033-07 1.6993-07 
NNW 1.9203-07 1.7103-07 1.6493-07 1.5383-07 1.4873-07 1.1593-07 
NW 1.4943-07 1.3553-07 1.3143-07 1.2403-07 1.2063-07 9.6633-08 

WNW 1.5923-07 1.4473-07 1.4063-07 1.3333-07 1.3003-07 1.0583-07 
W 2.7443-07 2.4993-07 2.4303-07 2.3043-07 2.2463-07 1.8243-07 

WSW 4.6843-07 4.1153-07 3.9523-07 3.6593-07 3.5273-07 2.6913-07 
SW 2.6013-07 2.2353-07 2.1333-07 1.9533-07 1.8733-07 1.3953-07 

SSW 2.0923-07 1.811E-07 1.7323-07 1.5933-07 1.532E-07 1.1583-07 
S 2.0793-07 1.8123-07 1.7363-07 1.6023-07 1.5423-07 1.1713-07 

SSE 2.6603-07 2.3923-07 2.3163-07 2.1813-07 2.1203-07 1.6963-07 
SE 3.3083-07 3.0283-07 2.9513-07 2.8163-07 2.7563-07 2.2883-07 
ESE 4.2233-07 3.8293-07 3.7223-07 3.534E-07 3.4523-07 2.8423-07 

E 5.3623-07 4-8313-07 4.6843-07 4.4233-07 4.3073-07 3.4853-07 
ENE 6.3443-07 5.7273-07 5.5503-07 5.2323-07 5.0883-07 4.0753-07 

NE 7.2633-07 6.9713-07 6.2423-07 5.827E-07 5.6383-07 4.3953-07 
NNE 5.4373-07 9.8003-07 9.6163-07 4.2853-07 4.1353-07 3.1783-07 
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GROUND-LEVEL CHI/Q VALUES FOR AC-227 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

D i r  3 00 500 700 1000 1300 1500 1700 

e 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1 .7493-07  2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1 .3883-07  1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1 .8513-07  2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 

SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-09 2.3823-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
S E  3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 

ESE 3.6413-07 4 .6583-07  5-8923-07 6.4153-07' 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

ENE 7.2833-07 7 .1003-07  8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
NE 7.7283-07 7 .8523-07  9.5693-07 1.0813-06 9.6693-07 8.8453-07 8.0763-07 

NNE 6.0623-07 6 .3673-07  7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 
~~ ~ ~~ 

D i r  2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-09 

SSE 2.596E-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2 . 1 7 5 3 ~ 0 7  

ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4 .6893-07  4.5383-07 4.2713-07 4.1533-07 3.3153-07 

EN3 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 

NNE 5.3143-07 4 .6713-07  4.4853-07 4.1513-07 4.0003-07 3.0343-07 

4 2 6 7  
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GROUND-LEVEL CHI/Q VALUES FOR AC-228 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0543-07 3.1403-07 3.8503-07 4.3083-07 3.8083-07 3.4533-07 3.1253-07 
NNW 1.5043-07 1.7303-07 2.2963-07 2.7123-07 2.4483-07 2.2403-07 2.0393-07 

NW 1.2163-07 1.371E-07 1.7053-07 1.9833-07 1.8143-07 1.6763-07 1.5433-07 
WNW 1.7913-07 1.8283-07 2.0533-07 2.1973-07 1.9613-07 1.7953-07 1.6433-07 

W 3.4103-07 3.3783-07 3.6683-07 3.8293-07 3.3923-07 3.1033-07 2.8433-07 
WSW 5.6743-07 6-3893-07 7.4403-07 7.5173-07 6.4093-07 5.7283-07 5.1333-07 
SW 3.9153-07 4.531E-07 5.0403-07 4.6803-07 3.8263-07 3.3433-07 2.9373-07 

SSW 2.1263-07 3-1593-07 3.7993-07 3.6663-07 3.0353-07 2.6673-07 2.3553-07 
S 1.9653-07 2.8553-07 3.4513-07 3.4603-07 2.9263-07 2.6003-07 2 .3153-07  

SSE 2.3883-07 3.0873-07 3.7743-07 3.9923-07 3.4753-07 3.1413-07 2.8483-0’7 
SE 3.0753-07 3.7213-07 4.4713-07 4.7743-07 4.1923-07 3.8133-07 3.481E-07 

ESE 3.6273-07 4.6253-07 5-8273-07 6.3023-07 5.5013-07 4.9763-07 4 .5143-07  
E 5.8403-07 6.3263-07 7.5183-07 8.0183-07 6.9933-07 6.3233-07 5.7303-07 

EN3 7.2493-07 7.0393-07 8.2193-07 9.0463-07 8.0363-07 7.3343-07 6 .6923-07  
NE 7.6973-07 7 .7903-07  9.4513-07 1.060E-06 9.4203-07 8.5783-07 7 .7973-07  

NNE 6.0373-07 6.3193-07 7.6873-07 8.3413-07 7.2793-07 6.5703-07 5 .9283-07  

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 2.7043-07 2.3643-07 2.2663-07 2.0893-07 2.0083-07 1.4993-07 
NNW 1.7753-07 1.5593-07 1.4973-07 1.3833-07 1.3313-07 9.9773-08 

NW 1.3653-07 1.2193-07 1.1763-07 1.0983-07 1.0633-07 8.1573-08 
WNW 1.4493-07 1.2963-07 1.2523-07 1.1743-07 1.1383-07 8.8583-08 

W 2.5163-07 2.2573-07 2.1833-07 2.0483-07 1.9873-07 1.5483-07 
WSW 4.3973-07 3.8183-07 3.6523-07 3.3543-07 3.2193-07 2.3773-07 
SW 2.4533-07 2.0863-07 1.9833-07 1.8023-07 1.7223-07 1.2443-07 

SSW 1.9813-07 1.6983-07 1.6183-07 1.4783-07 1.4163-07 1.0393-07 
S 1.9663-07 1.6953-07 1.6183-07 1.4823-07 1.4213-07 1.0463-07 

SSE 2.4873-07 2-2083-07 2.1293-07 1.9873-07 1.9233-07 1.4843-07 
SE 3.0823-07 2.7823-07 2.6983-07 2.5503-07 2.4833-07 1.9813-07 

ESE 3.9583-07 3.5413-07 3.4263-07 3.2223-07 3.1323-07 2.4803-07 
E 5.0063-07 4.4513-07 4.2963-07 4.0193-07 3.8953-07 3.0353-07 

ENE 5.8803-07 5.2353-07 5.0503-07 4.7163-07 4.5643-07 3.5183-07 
NE 6.7933-07 5.9803-07 5.7443-07 5.3183-07 5.1253-07 3.8623-07 
NNE 5.1163-07 4 .4663-07  4-2783-07 3.9413-07 3.7883-07 2.8193-07 
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GROUND-LEVEL CHI/Q VALUES FOR BI-210 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0693-07 
NNW 1.5153-07 
NW 1.2263-07 

WNW 1.8053-07 
W 3.4333-07 

WSW 5.7013-07 
SW 3.9333-07 

SSW 2.1343-07 
S 1.9723-07 

SSE 2 -3973-07 
SE 3.0883-07 

ESE 3.6413-07 
E 5.8663-07 

EN'E 7.2833-07 
NE 7.7283-07 

NNE 6.0623-07 e- 

3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 
1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 
6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
4.5663-07 5.097E-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 
3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 
3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 
7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
7.8523-07 9.5693-07 1.081~-06 9.6693-07 8.8453-07 8.0763-07 
6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 
~ ~ ~~~ 

Dir 2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-0'7 5.4393-07 4.1833-07 

NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

000358 
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GROUND-LEVEL CHI/Q VALUES FOR FR-223 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

~ -~ 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 2.8273-07 2.7523-07 3.1703-07 3.2283-07 2.6133-07 2.2383-07 1.9123-07 
NNW 1.3493-07 1.4583-07 1.7993-07 1.8943-07 1.5333-07 1.3053-07 1.1073-07 
NW 1.0783-07 1.1273-07 1.2863-07 1.2983-07 1.0373-07 8.7583-08 7.3683-08 

WNW 1.5903-07 1.4913-07 1.5303-07 1.4143-07 1.0943-07 9.1013-08 7.5673-08 
W 3.0823-07 2.8343-07 2.8413-07 2.5893-07 2.0113-07 1.6853-07 1.4133-07 

WSW 5.2703-07 5.6513-07 6.2253-07 5.7403-07 4.4863-07 3.7833-07 3.1973-07 
SW 3.6433-07 4.0233-07 4.2523-07 3.6403-07 2.7523-07 2.2823-07 1.9043-07 

SSW 1.9963-07 2.8453-07 3.2653-07 2.9223-07 2.2513-07 1.8863-07 1.5873-07 
S 1.8583-07 2.5943-07 2.9863-07 2.7553-07 2.1563-07 1.8193-07 1.538E-07 

SSE 2.2483-07 2.7673-07 3.1803-07 3.0323-07 2.3973-07 2.0333-07 1.7273-07 
SE 2.8853-07 3.3283-07 3.7523-07 3.5853-07 2.8423-07 2.4133-07 2.0533-07 
ESE 3.4203-07 4.1493-07 4.9173-07 4.8273-07'3.8563-07 3.2863-07 2.8033-07 
E 5.4563-07 5.5863-07 6.2213-07 5.9903-07 4.7533-07 4.0353-07 3.4303-07 

ENE 6.7513-07 6.1633-07 6.6633-07 6.5003-07 5.1753-07 4.3943-07 3.7293-07 
- -  NE 7.2223-07 6.9003-07 7.8103-07 7.9073-07 6.3993-07 5.4813-07 4.6873-07 

NNE 5.6623-07 5.6263-07 6.4503-07 6.4113-07 5.1593-07 4.4133-07 3.7723-07 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 1,5173-07 1.21.53-07 1.1313-07 9.8313-08 9.1803-08 5.5043-08 
NNW 8.6633-08 6.8383-08 6.3323-08 5.4493-08 5.0633-08 2.9153-08 

' NW 5.7003-08 4.4483-08 4.1033-08 3.5033-08 3.2413-08 1.7763-08 
WNW 5.7733-08 4.4553-08 4.0963-08 3.4763-08 3.2073-08 1.7133-08 

W 1.0953-07 8.5893-08 7.9423-08 6.8133-08 6.3213-08 3.5193-08 
WSW 2.5053-07 1.9883-07 1.8463-07 1.5963-07 1.4873-07 8.8153-08 
SW 1.4693-07 1.1533-07 1.0673-07 9.1823-08 8.5373-08 5.0253-08 

SSW 1.2393-07 9.8363-08 9.1363-08 7.9163-08 7.3833-08 4.4463-08 
S 1.2073-07 9.6013-08 8.9213-08 7.7343-08 7.2153-08 4.3393-08 

SSE 1.3663-07 1.0943-07 1.0193-07 8.8703-08 8.2883-08 4.9523-08 
9.9353-08 5.910E;OS 

ESE 2.2293-07 1.7963-07 1.6753-07 1.4633-07 1.3693-07 8.2683-08 
E 2.7113-07 2.1703-07 2.0203-07 1.7573-07 1.6413-07 9.7723-08 

EN3 2.9373-07 2.3393-07 2.1743-07 1.8833-07 1.7563-07 1.0263-07 
NE 3.7243-07 2.9873-07 2.7823-07 2.4203-07 2.2603-07 1.3513-07 
NNE 2.9993-07 2.4083-07 2.2433-07 1.9543-07 1.8263-07 1.1073-07 

SE 1.6273-07 1.3083-07 1.2193-07 1.0623-07 

000359 
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GROUND-LEVEL CHI/Q VALUES FOR PA-231 
CHI/Q TOWARD ‘INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0693-07 
NNW 1.5153-07 
NW 1.2263-07 

WNW 1.8053-’07 
W 3.4333-07 

W W  5.7013-07 
SW 3.9333-07 

SSW 2.1343-07 
S 1.9723-07 

SSE 2.3973-07 
SE 3.0883-07 
ESE 3.6413-07 
E 5.8663-07 

ENE 7.2833-07 
NE 7.7283-07 
NNE 6.0623-07 

3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 
1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 
6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
4.5663-07 5.0973-07 4.7593-07 3.94.23-07 3.4313-07 3.0263-07 
3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 
3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 
7.1003-07 8.3333-07 9.247&07 8.2783-07 7.5943-07 6.9663-07 
7.8523-07 9.5693-07 1.0813-06 9.6693-07 8.845E-07 8.0763-07 
6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 

Dir ,2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.20’73-07 2.1273-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-0’7 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 

NNE 5.3143-07 4-6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

I I .  
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GROUND-LEVEL CHI/Q VALUES FOR PA-234 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0553-07 3.1433-07 3.8553-07 4.3153-07 3.8163-07 3.4623-07 3.1343-07 
NNW 1.5053-07 1.7313-07 2.3003-07 2.7183-07 2.4553-07 2.2473-07 2.0463-07 
NW 1.2173-07 1.3723-07 1.7073-07 1.9873-07 1.8193-07 1.6823-07 1.5493-07 

WNW 1.7923-07 1.8303-07 2.0563-07 2.2023-07 1.9673-07 1.8023-07 1.6503-07 
W 3.4123-07 3.3813-07 3.6733-07 3.8373-07 3.4023-07 3.1143-07 2.8543-07 

WSW 5.6773-07 6.3933-07 7.4483-07 7.5283-07 6.4223-07 5.7423-07 5.1473-07 
SW 3.9163-07 4.5343-07 5.0453-07 4.6873-07 3.8333-07 3.3503-07 2.9443-07 
SSW 2.1273-07 3.1603-07 3.8023-07 3.6713-07 3.0403-07 2.6733-07 2.3613-07 
S 1.9663-07 2.8563-07 3.4543-07 3.4643-07 2.9323-07 2.6053-07 2.3213-07 

SSE 2.3883-07 3.0883-07 3.7783-07 3.9993-07 3.4823-07 3.1493-07 2.8563-07 
SE 3.0763-07 3.7243-07 4.4763-07 4.7823-07 4.2013-07 3.8233-07 3.4923-07 
ESE 3.6283-07 4.6283-07 5.8323-07 6.3113-07 5.5123-07 4.9883-07 4.5273-07 

E 5.8423-07 6.3303-07 7.5263-07 8.0323-07 7.0083-07 6.3403-07 5.7483-07 
ENE 7.2523-07 7.0443-07 8.2293-07 9.0633-07 8.0563-07 7.3563-07 6.7153-07 
NE 7.6993-07 7.7963-07 9.4613-07 1.0623-06 9.4413-07 8.6003-07 7.8203-07 

NNE 6.0393-07 6.3233-07 7.6953-07 8.3533-07 7.2943-07 6.5853-07 5.9443-07 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 2.7133-07 2.3733-07 2.2753-07 2.0983-07 2.0183-07 1.5093-07 
NNW 1.7833-07 1.5673-07 1.5043-07 1.3913-07 1.339E-07 1.0053-07 
NW 1.3723-07 1.2263-07 1.1843-07 1.1063-07 1.0703-07 8.2323-08 

WNW 1.4573-07 1.3043-07 1.2603-07 1.1823-07 1.1473-07 8.9443-08 
W 2.5283-07 2.2703-07 2.1963-07 2.0623-07 2.0013-07 1.5623-07 

WSW 4.4123-07 3.8333-07 3.6673-07 3.3693-07 3.2353-07 2.3923-07 
SW 2.4603-07 2.0933-07 1.9913-07 1.8103-07 1.7293-07 1.2513-07 

SSW 1.9873-07 1.7033-07 1.6243-07 1.4843-07 1.4223-07 1.0443-07 
S 1.9723-07 1.7013-07 1.6243-07 1.4883-07 1.4273-07 1.0523-07 

SSE 2.4963-07 2.2183-07 2.1393-07 1.9973-07 1.9333-07 1.4943-07 
SE 3-0943-07 2.7953-07 2.7123-07 2.5643-07 2.4973-07 1.9973-07 
ESE 3-9723-07 3.5563-07 3.441E-07 3.2383-07 3.1483-07 2.4993-07 
E 5.0243-07 4.4713-07 4.3163-07 4.0403-07 3.9163-07 3.0573-07 

ENE 5.9043-07 5.2613-07 5.0763-07 4.7423-07 4.5913-07 3.5463-07 
NE 6,8173-07 6.0053-07 5.770E-07 5.3443-07 5.1503-07 3.8883-07 
NNE 5.1323-07 4.4833-07 4.2963-07 3.9583-07 3.8053-07 2.8363-07 

000361 
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GROUND-LEVEL CHI/Q VALUES FOR PA-234M 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

D i r  300 500 700 1000 1300 1500 1700 

N 9.0563-08 4.9593-08 3-4783-08 1.9763-08 9.8083-09 6.2053-09 3.9543-09 
NNW 2.8253-08 1.9513-08 1-6013-08 1.0403-08 5.5623-09 3.6293-09 2.3603-09 
NW 1.8153-08 1.0873-08 8.0823-09 5.0753-09 2.7413-09 1.7963-09 1.1723-09 

WNW 2.7553-08 1.2983-08 8.5873-09 4.9433-09 2.5883-09 1.6733-09 1.0813-09 
W 7.3303-08 3.5493-08 2.1873-08 1.1193-08 5.5353-09 3.5053-09 2.2353-09 

WSW 1.7663-07 1.1293-07 7.6213-08 3.6253-08 1.6273-08 9.7943-09 6.0123-09 
SW 1.2383-07 7.9953-08 5.0823-08 2.1933-08 9.2323-09 5.3713-09 3.2053-09 

SSW 7.4703-08 6.4713-08 4.5663-08 2.0843-08 8.8633-09 5.1443-09 3.0523-09 
S 7.7683-08 6.6003-08 4.5663-08 2.0733-08 8.8003-09 5.0923-09 3.0093-09 

SSE 8.9303-08 6.3083-08 4.2873-08 2.0903-08 9.5513-09 5.7913-09 3.5673-09 
SE 1.1303-07 7.6913-08 5.1383-08 2.4903-08 1.1403-08 6.9203-09 4.2673-09 

ESE 1.4323207 1.0053-07 7.1353-08 3.6693-08 1.7173-08 1.051E-08 6.5163-09 
E 2.0493-07 1.2063-07 8.1243-08 4.1793-08 1.9893-08 1.2323-08 7.7113-09 

ENE 2.3853-07 1.1943-07 7.6203-08 4.0903-08 2.0373-08 1.2923-08 8.2463-09 
NE 2.7943-07 1.4453-07 9.4063-08 5.0333-08 2.4563-08 1.5433-08 9.7843-09 

NNE 2.1553-07 1.2183-07 8.4393-08 4.5313-08 2.1663-08 1.3433-08 8.4313-09 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 2.0373-09 1.0633-09 8.5843-10 5.6123-10 4.5463-10 8.7923-11 
NNW 1.2393-09 6.5333-10 5.2863-10 3.4683-10 2.8123-10 5.4583-11 
NW 6.1723-10 3.2613-10 2.6393-10 1.7333-10 1.4053-10 2.7253-11 

WNW 5.6313-10 2.9533-10 2.3853-10 1.5603-10 1.2633-10 2.4273-11 
W 1.1493-09 5.9833-10 4.8233-10 3.1453-10 2.5443-10 4.8593-11 

WSW 2.9823-09 1.5?33-09 1.2243-09 7.9503-10 6.4253-10 1.2343-10 
SW 1.5363-09 7.6363-10 6.0863-10 3.8953-10 3.1263-10 5.7883-11 

SSW 1.4473-09 7.1183-10 5.6563-10 3.6013-10 2.8843-10 5.2923-11 
S 1.4163-09 6.9173-10 5.4843-10 3.4773-10 2.7803-10 5.0413-11 

SSE 1.7693-09 8.9973-10 7.2143-10 4.6633-10 3.7593-10 7.1093-11 
SE 2.1183-09 1.0773-09 8.6363-10 5.5823-10 4.4993-10 8.4993-11 
ESE 3.2513-09 1.6583-09 1.3303-09 8.6053-10 6.9383-10 1.3133-10 
E 3.8923-09 2.0013-09 1.6093-09 1.0443-09 8.4333-10 1.6053-10 

ENE 4.2483-09 2.2153-09 1.7873-09 1.1673-09 9.4473-10 1.8173-10 
NE 5-0123-09 2.6073-09 2.1023-09 1.3723-09 1.1103-09 2.1393-10 
NNE 4.2793-09 2.2173-09 1.7873-09 1.1673-09 9.4523-10 1.8333-10 

.. 



P ‘1 i 
* \  

M a r  11, 2002 02:42 pm 
. e  4 2  6.3: 

CHIQ 
Page 9 

GROUND-LEVEL CHI/Q VALUES FOR PB-210 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07. 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9289-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 

SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.421E-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
ESE 3.6413-07 4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

ENE 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
L .  7.7283-07 7.8523-07 9.5693-07 1.0813-06 9.6693-07 8.8453-07 8.0763-07 

NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

~~ 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4796-07 2.3823-07 2.2073-07 2.1273-07 1.6193-07 
NNW 1.866E-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
Nw 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7199-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.122E-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193707 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4.6893-07 4.5383-07 4,2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4-6713-07 4.4853-07 4.1513-07 4.000E-07 3.0343-07 

000363 
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GROUND-LEVEL CHI/Q VALUES FOR PO-210 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

~~ 

Distance (meters) 
~~ ~ 

Dir 3 00 500 700 1000 1300 1500 17 00 

N 3.0693-07 
NNW 1.5153-07 
NW 1.2263-07 
WNW 1.8053-07 
W 3.4333-07 

WSW 5.7013-07 
SW 3.9333-07 
SSW 2.1343-07 
S 1.9723-07 

SSE 2.3973-07 
SE 3.0883-07 

E S E  3.6413-07 
E 5.8663-07 

ENE 7.2833-07 
NE 7.7283-07 

NNE 6.0623-07 

3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 
1.851E-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 
6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 * 

4.566E-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 
3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 
3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 
7.100E-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
7.8523-07 9.5693-07 1.081E-06 9.6693-07 8.8453-07 8.0763-07 
6.367E-07.7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 
? -  

~~ 

Dir 2000 2300 2400 2600 2700 3500 

N #2. 8163-07 2.4793-07 2.3823-07 2.2073-07 2 .i273-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.9783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.080E-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2-4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.407E-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 
SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 

E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 
EN3 6-1723-07 5-5433-07 5.3623-07 5.0373-07 4.890E-07 3.8593-07 
NE 7.0053-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

’ ’.* . 
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GROUND-LEVEL CHI/Q VALUES FOR RA-223 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

~ ~- 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 

SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0673-07 3.5643-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 

ESE 3.641E-07 4.658E-07 5.8923-07 6.4153-07 5.636E-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 

ENE 7.283E-07 7.1003-07 8.3333-07 9.2473-07 8.278E-07 
NE 7.7283-07 7.8523-07 9.5693-07 1.0813-06 9.6693-07 
NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7.4523-07 

3 - 5573-07 3.2333-07 
2.3233-07 2.1263-07 
1.7503-07 1.6203-07 
1.8773-07 1.7293-07 
3.2323-07 2.9793-07 
5.8933-07 5.3043-07 
3.4313-07 3.0263-07 
2 -7313-07 2 -4213-07 
2.6653-07 2.3823-07 
3.2373-07 2.9493-07 
3.9353-07 3.6123-07 
5.1213-07 4.6673-07 
6.5213-07 5.9393-07 
7.5943-07 6.9663-07 
8.8453-07 8.0763-07 
6.7523-07 6.1183-07 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0023-07 3.836E-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.074E-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

EXE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

000355 
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GROUND-LEVEL CHI/Q VALUES FOR RA-224 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

D i r  3 00 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07' 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.528E-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 

SSW 2.1343-07 3-1803-07 3.8373-07 3.7221-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
ESE 3.6413-07 4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
3 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

ENE 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
NE 7.7283-07 7.8523-07 9.5693-07 1.0813-06 9.6693-07 8.8453-07 8.0763-07 

NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 
- ~ -~ ~~ ~ 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.719E-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.541E-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.lllE-07 
S 2.0363-07 1.7663-07 1.6903-07 1.555E-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 

ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.543E-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 

NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

000366 
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GROUND-LEVEL CHI/Q VALUES FOR RA-226 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

__ 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.749E-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4-7593-07 3.9123-07 3.4313-07 3.026E-07 

SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
ESE 3.6413-07 4.658E-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

EN3 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
NE 7.7283-07 7.8523-07 9.5693-07 1.0813-'06 9.'6693-07 8.8453-07 8.0763-07 

W E  6.0623-07 6.3613-07, 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 
~ 

Dir 2000 2300 2400 2600 2700 3500 

N -2.8163-07 2.479E-07 2.3823-07 2.2073-07 2 .'1273-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.,4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3OSE-07 1.2633-07 1.1873-07 1.1523-07 9.080s-08 

WNW 1.5403-07 1.3923-07 1.350E-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.001E-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.lllE-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 

ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

080367 
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a GROUND-LEVEL CHI/Q VALUES FOR RA-228 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 
~ ~ ~ 

D i r  3 00 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 
SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
ESE 3.6413-07 4.6583-07 5.8923-07 6.4153-03 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

ENE 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
NE 7.7283-07 7.8523-07 9.5693-07 1.0813-06 9.6693-07 8.8453-07 8.0763-07 
NNE 6.0623-07 6.3673-07 7.7763-07 8.4893107 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 

D i r  2000 2300 2400 2600 2700 3500 

N 2,.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1.6193-07 
NNW 1.8663-07 1,6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 

* NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 
WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.407E-07 2.5663-07 
!3W 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 
SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.486E-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093107 
E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

000368 
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GROUND-LEVEL CHI/Q VALUES FOR TH-227 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2-0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.729E-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3-9123-07 3.4313-07 3.0263-07 
SEW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9.493-07 
SE 3.0883-07 3.7483-07 4.523E-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 

ESE 3.6413-07 4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 ’ 

EN3 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
- -  _ .  NE 7.7283-07 7.8523-07 9.5693-07 1.0813-06 9.6693-07 8.8453-07 8.0763-07 

NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1.6191-07 
NNW 1.8663-07 1.6523-07 1-5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 

ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 
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Distance (meters) 

Dir 300 500 7 00 1000 1300 1500 1700 
~ ~~ _ _ _ _ _ ~  ~ ~ 

~~ ~~ 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1-8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 
SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
ESE 3.6413-07 4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

EN3 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
NE 7.7283-07 7.8523-07 9.5693-07 1.0813-06 9.6693-07 8.8453-07 8.0763-07 
NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.08OE-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.719E-07 

WSW 4.5753-07 4.001E-07 3.8363-07 3.5413-07 3.4073-07 2.566E-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.766E-07 1.6873-07 1.548E-07 1.486E-07 l.lllE-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.938E-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 

ESE 4.1243-07 3.7223-07 3.6123-07 3.4191-07 3.3343-07 2.709E-07 
E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4-6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

. 
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GROUND-LEVEL CHI/Q VALUES FOR TH-230 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUEIC METER) 

Distance (meters) 
~ ~~ 

Dir 300 500 700 1000 1300 1500 1700 

N'3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.3293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.528E-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 

SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.988E-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.1083-07 3-8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
ESE 3.6413-07 4.6583-07 5.8923-07 6.4153-07.5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

ENE 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
- -  NE 7.7283-07 7.8523-07 9.5693-07 1.0813-06 9.6693-07 8.8453-07 8.0763-07 

NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 
~ 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1271-07 1.6193-07 
NNW 1.'8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
, NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 
WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 

W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.71.93-07 
WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.407Z-07 2.5663-07 

SW 2.543E-07 2.176F-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 
SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5-2283-07 4.6893-07 4..5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 

NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

000371 
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GROUND-LEVEL CHI/Q VALUES FOR TH-231 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

CHIQ . 4 2 6 7  

Distance (meters) 
~~ 

D i r  300 500 700 1000 1300 1500 1700 

N 3.0653-07 3.1613-07 3.8883-07 4.3723-07 3.8823-07 3.5323-07 3.2073-07 
NNW 1.5123-07  1.7443-07 2.3243-07 2.7623-07 2.5073-07 2.3023-07 2.1053-07 
NW 1.2243-07 1.3843-07 1.7283-07 2.0253-07 1.8653-07 1.7323-07 1.6013-07 

WNW 1.8023-07 1.8463-07 2.0833-07 2.2453-07 2.0183-07 1.8573-07 1.7073-07 
W 3.4273-07 3.4073-07 3.7143-07 3.9043-07 3.4823-07 3.2003-07 2.9453-07 

WSW 5.6953-07  6.4283-07 7.5063-07 7.6203-07 6.5273-07 5.8533-07 5.2623-07 
SW 3.9283-07 4.5573-07 5.0833-07 4.7403-07 3.8913-07 3.4103-07 3.0043-07 
SSW 2.1323-07 3.1753-07 3.8283-07 3.7083-07 3.0823-07 2.7163-07 2 -4053-07 

S 1 .9713-07  2.8683-07 3.4763-07 3.5003-07 2.9733-07 2.6493-07 2.3663-07 
SSE 2.3953-07 3.1033-07 3.8063-07 4.0493-07 3.5423-07 3.2143-07 2.9243-07 
SE 3.0843-07 3.7423-07 4.5113-07 4.8443-07 4.2773-07 3.9063-07 3.5803-07 

ESE 3 .6383-07  4.6503-07 5.8763-07 6.3883-07 5.6033-07 5.0853-07 4.6303-07 
E 5.860E-07 6.3653-07 7.5893-07 8.1383-07 7.1333-07 6.4733-07 5.8883-07 

ENE 7.275E-07 7.0863-07 8.3063-07 9.198g-07 8.2193-07 7.5313-07 6.8993-07 
NE 7.7203-07 7.8373-07 9.5413-07 1.0763-06 9.6093-07 8.7803-07 8.0083-07 

NNE 6 .0563-07  6.3553-07 7.7553-07 8.4533-07 7.4103-07 6.7083-07 6.0713-07 

Distance (meters) 
~ 

Dir 2000 2300 2400 2600 2700 3500 

N 2.7893-07 2.4513-07 2.3533-07 2.1773-07 2.0983-07 1.5893-07 
NNW 1.8443-07 1.6293-07 1.5673-07 1.4543-07 1.4033-07 1.0703-07 
NW 1.4273-07  1.2843-07 1.2423-07 1.1653-07 1.1303-07 8.8493-08 

WNW 1.5183-07 1.3683-07 1.3263-07 1.2493-07 1.2153-07 9.6623-08 
W 2.6263-07 2.3733-07 2.3013-07 2.1703-07 2.110E-07 1.6763-07 

WSW 4.5313-07 3.9563-07 3.7913-07 3.4953-07 3.3613-07 2.5193-07 
SW 2.5213-07 2.1543-07 2.0523-07 1.8713-07 1.7903-07 1.3123-07 

SSW 2.0323-07 1.7493-07 1.6703-07 1.5313-07 1.4693-07 1.0933-07 
S 2.0193-07 1.7493-07 1.6733-07 1.5373-07 1.4763-07 1.1033-07 

SSE 2.5693-07 2.2953-07 2.2173-07 2.0783-07 2.0153-07 1.5823-07 
SE 3.1903-07 2.9003-07 2.8193-07 2.6773-07 2.6143-07 2.1273-07 
ESE 4.0833-07 3.6773-07 3.5663-07 3.3703-07 3.2843-07 2.6523-07 
E 5.174E-07 4-6303-07 4.4783-07 4.2093-07 4.0893-07 3.2453-07 

ENE 6.1003-07 5.4673-07 5.2853-07 4.9573-07 4.8093-07 3.7743-07 
NE 7.014E-07 6.2093-07 5.9763-07 5.5533-07 5.3623-07 4.1033-07 

NNE 5.2653-07 4.6203-07 4.4343-07 4.0993-07 3.9473-07 2.9813-07 
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GROUND-LEVEL CHI/Q VALUES FOR TH-232 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 
SSW 2.1343-07 3.180E-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
ESE 3.6413-07 4.658E-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

ENE 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
- -  NE 7.7283-07 7.8523-07 9.5693-07 1.0813-06 9.6693-07 8.8453-07 8.0763-07 

W E  6.0623-07 6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.127E-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4.6893-07 4.5383-07 4.271E-07 4.153E-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

080373 



r ’  

e 

a- 

m 

,.y . *. . ’ ’ ’ 1  .‘“Har ll, 2002 02:42 pm 
. i- 

GROUND-LEVEL CHI/Q VALUES FOR TH-234 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

CHIQ 4 2 6 7  
Page 20 

Distance (meters) 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 

SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.108E-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
ESE 3.6413-07 4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

ENE 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
NE 7.7283-07 7.8523-07 9.5693-07 1.0813-06 9.6693-07 8.8453-07 8.0763-07 
NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 
~ 

Dir 2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.210E-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 9.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 

000374 .. . 
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Distance (meters) 

Dir 300 500 7 00 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.62OE-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 

SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3-1083-07 3.8173-07 4.0673-07 3.564E-07 3.2376-07 2.9493-07 
SE 3.0883-07 3.7483-07 4-5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 
ESE 3.6413-07 4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

ENE 7.2833-07 7.1003-07 8.3333-07 9.247E~07 8.2783-07 7.5943-07 6.9663-07 
NE 7.7283-07 7.8523-07 9.5693-07 1.0813-06 9.6693-07 8.8453-07 8.0763-07 
NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1.6193-07 
NNW 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1-3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.001E-07 3.836E-07 3.5413-07 3.407E-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.687E-07 1.5483-07 1.4863-07 1.111E-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2,0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 

E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 
ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 

NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.0003-07 3.0343-07 
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GROUND-LEVEL CHI/Q VALUES FOR U-235 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 

D i r  3 00 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
. NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-03 2.5263-07 2.3233-07 2.1263-07 

NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 
WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 

W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 
WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 

SW 3.9333-07 4.566E-07 5.0973-07 4.7593-07 3.9123-07 3.431E-07 3.0263-07 
SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0633-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 

ESE 3.641E-07 4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.121E-07 4.6673-07 
E 5.866B-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

ENE 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
NE 7.7283-07 7.8523-07 9.5693-07 1.081E-06 9.6693-07 8.8453-07 8.0763-07 
NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7.4523-07 6.7523-07 6.1183-07 

Distance (meters) 

D i r  2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1.6193-07 
ZWW 1.8663-07 1.652E-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.1873-07 1.1523-07 9.0803-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-09 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.614E-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 

ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6-1723-07 5.5433-07 5.3623-07 5.037E-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.000E-07 3.0343-07 

000376 
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Distance (meters) 

D i r  300 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1 .8773-07  1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 
SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 

S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.988E-07 2 .6653-07  2.3823-07 
SSE 2.3973-07 3.1083-07 3.8173-07 9.0673-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.304E-07 3.9353-07 3.6123-07 

ESE 3.641E-07 4.658E-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

EN3 7.2833-07 7.100E-07 8.333E-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
NE 7.7283-07 7.8523-07 9.5693-07 1.081E-06 9.6693-07 8.8453-07 8.0763-07 

NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7 .4523-07  6 .7523-07  6.1183-07 

Distance (meters) 

Dir 2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2.1273-07 1 .6193-07  
NNW 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1.187E-07 1.1523-07 9 .0803-08  

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.1513-07 1.7193-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2-5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1 .3343-07  

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.1113-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1 .1223-07  

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 

ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 
E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 

ENE 6.1723-07 5.5433-07 5.3623-07 5.0373-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 
NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.000E-07 3.0343-07 
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GROUND-LEVEL CHI/Q VALUES FOR U-238 
CHI/Q TOWARD INDICATED DIRECTION (SEC/CUBIC METER) 

Distance (meters) 
~ ~~~~ ~~ ~~ 

Dir 300 500 700 1000 1300 1500 1700 

N 3.0693-07 3.1673-07 3.9003-07 4.3923-07 3.9063-07 3.5573-07 3.2333-07 
NNW 1.5153-07 1.7493-07 2.3333-07 2.7773-07 2.5263-07 2.3233-07 2.1263-07 
NW 1.2263-07 1.3883-07 1.7363-07 2.0383-07 1.8813-07 1.7503-07 1.6203-07 

WNW 1.8053-07 1.8513-07 2.0923-07 2.2603-07 2.0363-07 1.8773-07 1.7293-07 
W 3.4333-07 3.4173-07 3.7293-07 3.9283-07 3.5113-07 3.2323-07 2.9793-07 

WSW 5.7013-07 6.4403-07 7.5283-07 7.6533-07 6.5653-07 5.8933-07 5.3043-07 
SW 3.9333-07 4.5663-07 5.0973-07 4.7593-07 3.9123-07 3.4313-07 3.0263-07 * 

SSW 2.1343-07 3.1803-07 3.8373-07 3.7223-07 3.0973-07 2.7313-07 2.4213-07 
S 1.9723-07 2.8723-07 3.4843-07 3.5133-07 2.9883-07 2.6653-07 2.3823-07 

SSE 2.3973-07 3.1083-07 3.8173-07 4.0673-07 3.5643-07 3.2373-07 2.9493-07 
SE 3.0883-07 3.7483-07 4.5233-07 4.8673-07 4.3043-07 3.9353-07 3.6123-07 

ESE 3.6413-07 4.6583-07 5.8923-07 6.4153-07 5.6363-07 5.1213-07 4.6673-07 
E 5.8663-07 6.3773-07 7.6123-07 8.1763-07 7.1783-07 6.5213-07 5.9393-07 

EN3 7.2833-07 7.1003-07 8.3333-07 9.2473-07 8.2783-07 7.5943-07 6.9663-07 
NE 7.7283-07 7.8523-07 9.5693-07 1.081E~06 9.6693-07 8.8453-07 8.0763-07 

NNE 6.0623-07 6.3673-07 7.7763-07 8.4893-07 7 4523-07 6.7523-07 6.1183-07 . .  a- 
Distance (meters) 

D i r  2000 2300 2400 2600 2700 3500 

N 2.8163-07 2.4793-07 2.3823-07 2.2073-07 2~1273-07 1.6193-07 
NNW’ 1.8663-07 1.6523-07 1.5903-07 1.4783-07 1.4273-07 1.0943-07 
NW 1.4483-07 1.3053-07 1.2633-07 1~1873-07 1.152E-07 9.08pE-08 

WNW 1.5403-07 1.3923-07 1.3503-07 1.2743-07 1.2403-07 9.9323-08 
W 2.6623-07 2.4113-07 2.3393-07 2.2103-07 2.151E-07 1.7196-07 

WSW 4.5753-07 4.0013-07 3.8363-07 3.5413-07 3.4073-07 2.5663-07 
SW 2.5433-07 2.1763-07 2.0743-07 1.8933-07 1.8133-07 1.3343-07 

SSW 2.0483-07 1.7663-07 1.6873-07 1.5483-07 1.4863-07 1.lllE-07 
S 2.0363-07 1.7663-07 1.6903-07 1.5553-07 1.4953-07 1.1223-07 

SSE 2.5963-07 2.3233-07 2.2463-07 2.1083-07 2.0463-07 1.6143-07 
SE 3.2263-07 2.9383-07 2.8593-07 2.7193-07 2.6573-07 2.1753-07 
ESE 4.1243-07 3.7223-07 3.6123-07 3.4193-07 3.3343-07 2.7093-07 

E 5.2283-07 4.6893-07 4.5383-07 4.2713-07 4.1533-07 3.3153-07 
EN3 6.1723-07 5.5433-07 5.3623-07 5.037E-07 4.8903-07 3.8593-07 
NE 7.0853-07 6.2833-07 6.0513-07 5.6303-07 5.4393-07 4.1833-07 

NNE 5.3143-07 4.6713-07 4.4853-07 4.1513-07 4.000E-07 3.0343-07 
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0 1 SILOS PROJECTS ENVIRONMENTAL MONITORING PLAN 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1.0 General 
The current focus of environmental monitoring at the Fernald Environmental Management 
Project (FEMP) is the implementation of site-wide environmental monitoring and project-specific 
environmental monitoring. Site-wide environmental monitoring is addressed in the Integrated 
Environmental Monitoring Plan (IEMP) while project-specific requirements are addressed within 
the environmental control plans, process control plans, and other design documents which 

constitute the project’s remedial design package. For the Silo 3 Project, Silos 1 and 2 
Accelerated Waste Retrieval Project (AWR Project), and Silos 1 and 2 Project, modifications 
t o  the site-wide environmental program are necessary to support project activities. Therefore, 
the focus of this plan is t o  establish the integrated environmental monitoring requirements for 
Operable Unit 4 (OU41 during the conduct of both projects. 

1 3 2.0 Integrated Environmental Monitoring 
14 
15 
1 6 
7 

19 
20 Projects. 

The IEMP focuses on monitoring air, direct radiation, groundwater, and surface water to  ensure 
protection of human health and the environment during the conduct of site-wide remediation 
activities. The IEMP incorporates regulatory requirements for site-wide monitoring, trending, 
reporting, and it serves as the central reporting mechanism to the regulators and stakeholders 4u 8 for the ongoing emission controll monitoring activities at the FEMP. It is important to note that 
Site-wide reporting under the IEMP does not preclude project-specific reporting for Silos 

21 
22 1 23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

3 .O Project-Specific Environmental Monitoring 
Project-specific environmental monitoring requirements are identified in the applicable design 
documentation for both the Silo 3 Project and the AWR Project (References 1 and 2). These 
requirements for the Silos 1 and 2 Project will be identified in the RD package for that project. 
Fluor Fernald Inc. has identified additional enhancements t o  the existing site monitoring 

program that are integral t o  all three projects. As a result, this project-specific environmental 
monitoring plan documents the additional requirements addressing air, direct radiation, and 
project wastewater (i.e., slurry wastewater and decontamination wastewater) monitoring 
within and surrounding specified project boundaries that will be established by Fluor Fernald, 
Inc. The need and extent of project-specific monitoring has been evaluated based on the 
following criteria: 
e 

e 

e 

0 

Project complexity, extent of contamination, and scope; 
Applicable, Relevant, and Appropriate Requirements (ARARs) compliance strategy; 
DOE Orders compliance strategy; and, 
Existing monitoring data, modeling, and monitoring programs. 
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This project-specific environmental monitoring plan considers the location of the Operable Unit 
4 (OU4)  projects with respect t o  other remediation activities 1e.g. the Waste Pit Remedial 
Action Plan (WPRAP) project1 and the FEMP boundary. The plan also considers project-specific 
constraints such as the contaminants of concern; the characteristics of the O U 4  wastes; and 
the material transfer, handling, and storage processes. Project-specific emission modeling of 
both normal and upset conditions have provided the basis for identifying and instituting 
process emission controls that are protective to  the workers, public, and the environment 
(References 6 and 7 ) .  The effectiveness of the project-specific emission controls will be 
evaluated through analysis of monitoring results to  identify whether increased or altered 
emission control methods are necessary. Project-specific environmental monitoring summary 
results will be provided in project completion reports. 

3.1 
Environmental radiological air monitoring during the Silos Projects will consist of three 
programs: 1 ) Project-specific stack monitoring programs; 2) the IEMP Air Monitoring Program 
including the environmental radon monitoring network; and 3) the project-specific air 
monitoring program. 

Environmental Radiological Air Emissions Monitoring 

3.1.1 The Silo 3 Stabilization Project and AWR Stack Monitoring Program 
The Silo 3 and Silos 1 and 2 AWR Project stack monitoring requirements are described in the 
RD Packages for the projects. Stack monitoring for the Silos 1 and 2 project will be addressed 
in the Silos 1 and 2 RD Package. All thee projects will deploy isokinetic sampling for particulate 
radionuclides, monitoring, and recording of stack exhaust that is compliant with Title 40 of the 
Code of Federal Regulations (CFR), Part 61, Subpart H, and DOE Order 5400.5, Section IV.6.B. 
Additionally, the stack exhaust from will be continuously monitored for radon t o  verify that 

emissions are controlled in a manner that will not cause the point source to  result in a 
contribution to the fence line radon concentration of greater than 0.5 pCi/L, as an annual 
ayerage above background. Radiological contaminants represent the primary contaminants of 
concern, therefore the focus of stack air monitoring will be for radionuclides; however, 
monitoring for other contaminants of concern will be added, as warranted. 

3.1.2 The IEMP Air Monitoring Program 
The IEMP Air Monitoring Program is an established program that will continue throughout 
remediation. Within the IEMP Air Monitoring Program, the radiological air paiticulate monitoring 
program provides a fenceline monitoring network for assessing the collective site-wide impact 
of FEMP multiple concurrent remediation activities. This program demonstrates FEMP 
compliance with all ARARs and provides early warning feedback regarding the cumulative 

2 of 6 
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sitewide effectiveness of project-specific emission controls. The radiological air particulate 
monitoring program is reviewed annually in order to account for changes in remediation 
projects at the FEMP. 

Additionally, within the IEMP Air Monitoring Program, the radon monitoring network has been 
designed to focus on monitoring Silos 1 and 2 headspaces, environmental radon levels in the 
vicinity of the silos, as well as radon levels at the site fenceline. In support of the Silo 3 and 
AWR projects and in anticipation of treatment of Silo1 and 2 material, the IEMP environmental 
radon monitoring network is being modified as described below. 

3.1.3 The IEMP Environmental Radon Monitoring Network 
During the Silo 3 Project and the AWR Project, remediation activities directed toward the 
removal, processing, and storage of radon-generating wastes creates the potential for the 
release of radon to  the environment. Modifications and additions to  the existing IEMP 
environmental radon monitoring network are necessary to accommodate construction activities 
associated with the AWR Project and to better monitor levels around the Silo 1 and 2 area 
during the OU4 remediation. 

Three existing radon monitoring stations near the K-65 Silos were re-located t o  accommodate 
construction activities. The monitoring stations were re-located as follows: 

o KNW at the K-65 exclusion fence was moved t o  the western side of the road, re- 
designated KNW-A. 
KSW at the K-65 exclusion fence was moved to  the western side of the road, re- 
designated KS W-A. 
T28 northeast of the K-65 exclusion fence was moved across the road, in the prevailing 
wind direction from the K-65 Silos, re-designated T28A. 

0 

0 , 

To better monitor radon levels in the K-65 area, five radon monitoring locations were added 
to  the existing IEMP radon network. The monitors will provide additional monitoring of radon 
levels in the vicinity of the silos during the Silo 3 and AWR projects and subsequent 
operations for the Silos 1 and 2 material. The locations and designations for the monitors are: 

0 

0 

0 

North of Silo 2 at the K-65 exclusion fence, designated KNO. 
South of Silo 1 near the new south camera tower, designated KSO. 
East of Silo 4 and in the prevailing wind direction from Silo 3, designated LP2. 
Southwest of the High Nitrate Storage Tank, near pole #543 at Trailer #117 designated 
T117. 

3 of 6 
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0 An additional station was selected on the FEMP's west fenceline t o  supplement the 
established IEMP monitoring network. The monitor (PR-1) is co-located with the WPTH- 
2 air particulate monitor, on the western perimeter of the facility. 

The detail of the OU4 radon monitoring locations is shown on Dwg. 94X-5500-SK-5527 
(Attachment A). The map of the entire IEMP radon monitoring network is shown Attachment 
B. 

Data from selected radon monitors will be accessible via a secure Internet address. The data 
will include the date and time of the most recent transmission, location, and latest radon 
concentration. This data will be sent from the monitoring instrumentation without review or 
validation. Data review and validation will be conducted in a manner consistent with the 
current methods used under the lEMP Fluor Fernald Inc.. radon monitoring program. 

3.1.4 Project-Specific Air Particulate Monitoring Program 
The IEMP air particulate monitoring program, which is based on air monitors located at the 
FEMP's perimeter fenceline, provides early warning feedback regarding the cumulative sitewide 
effectiveness of all remediation project emission controls. The project-specific air particulate 
monitoring program will provide data that confirms the performance of the emissions controls 
used for the Projects. In addition to providing confirmatory data, the monitoring program will 
also provide data t o  quantify the nature and extent of releases from both projects in the event 
of an upset condition. The program will consist of four high-volume particulate air samplers 
that will be co-located with the radon monitors at the Bio-surge lagoon, LP2, T117, and KNW- 
A locations shown on Attachment A. These samplers maintain a consistent air sample flow 
rate between 40 and 50 cubic feet per minute through an 8 by 10-inch filter. 

The sampling and analysis program will consist of bi-weekly isotopic thorium, radium-226, and 
total particulate analyses. Results from the isotopic thorium analysis (thorium-228, thorium- 
230, and thorium-232) will be used to  specifically monitor Th-230, the primary isotope of 
concern within the Silo 3 residues. The radium-226 analysis will be used t o  assess the 
effectiveness of process-control measures during the Silo 3 and AWR projects. Total 
particulate analysis will be used to  determine if the results are indicative of project emissions 
or reflect the measurement of fugitive emissions from other sources (e.g. dust from 
construction vehicle traffic). 

Samples will be analyzed according to  the requirements for Analytical Support Level (ASL) B 
in the Sitewide CERCLA Quality (SCQ) assurance plan. The highest allowable minimal 
detectable concentrations (HAMDCs) for ASL B are 9.0 pCi/filter for isotopic thorium analyses 
and 4.0 pCi/filter for radium-226 analysis. 
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3.2 Direct Radiation Monitoring 

In addition t o  airborne emissions, exposure t o  direct radiation is also a radiological hazard at 
the FEMP, particularly in the vicinity of Silo 1 and Silo 2. Direct, (a.k.a. penetrating) radiation 
is emitted f rom the radioactive materials stored onsite. The largest source of penetrating 
radiation at the FEMP results from the transformation of radium-bearing materials stored in 

Silos 1 and 2. 

The IEMP environmental monitoring network includes thirty-two locations that monitor direct 
radiation levels associated with the storage of radionuclides at the FEMP. The monitoring is 
conducted using thermoluminescent dosimeters (TLDs). The monitoring network is well 
established and the locations were strategically chosen to  ensure a monitoring envelope for 
each radiation source. During the AWR Project, major sources of direct radiation at the FEMP 
will undergo change. The operation of the Radon Control System (RCS) will result in elevated 
direct radiation adjacent t o  the carbon beds. The removal of the berm surrounding Silos 1 and 
2 will result is changes t o  existing radiation shielding. These processes, together with the 
removal and relocation of the silo wastes t o  the Transfer Tank Area (TTA) will require an 
expansion of the  IEMP TLD network t o  ensure adequate coverage of direct radiation sources. 

The existing IEMP TLD monitoring network will be modified to  take into account the relocation 
of the wastes stored in the K-65 silos. As necessary, current TLD locations will be adjusted 
and new TLD locations will be added t o  adequately characterize and monitor the direct 
radiation in the.vicinity of the AWR project and the site fenceline. The background and 
technical justification for modifications t o  the IEMP TLD monitoring network will be provided 
through the IEMP annual review process. 

3.3 Wastewater Monitoring 

All wastewater from the Silo 3 Project and AWR Project will be discharged to the FEMP 
Advanced Wastewater Treatment (AWWT) facility, after sampling to  confirm that it is 
acceptable for transfer. If the wastewater characterization indicates, the wastewater stream 
is not acceptable for transfer to  the AWWT, it will be held until appropriate disposition is 
determined. 

Groundwater Monitoring 

Groundwater monitoring is currently managed by the Aquifer Restoration Project (ARP). The 
ARP provides the  monitoring necessary t o  identify the effect of FEMP remediation activities. 
This monitoring is adequate for assessing potential impacts on groundwater quality due to  the 

000388 
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Silo 3 and AWR projects. In the event that collection of groundwater samples is needed to  
support the projects (or to  assess any incidental releases), ARP managers will be notified to  
coordinate the appropriate groundwater monitoring activity. 

4.0 Reporting 
All project-specific environmental monitoring will be reported in Project Completion Reports, 
which will include a summary of the results generated during the projects. For radon 
monitoring, the report will identify each of the radon monitoring locations and the minimum, 
maximum, and average radon levels at each of those locations. For project-specific air 
monitoring, the report will identify each of the monitoring locations and the minimum, 
maximum, and average levels of each analyte a t  each of the locations. For direct radiation 
monitoring, the report will include TLD locations and a summary of quarterly results. 

Data from the new radon and particulate monitors discussed in Sections 3.1.3 and 3.1.4 will 
be reported in the IEMP quarterly status and the Integrated Site Environmental Report (ISER). 
In addition, other project-specific data may be reported as necessary in IEMP quarterly status 
reports and the ISER t o  explain significant changes in the data from the fenceline IEMP 
environmental monitoring program. 

5 .O References 

1 ) 
2) 

3) 

4) Silo 3 Project Environmental Control Plan, 40430-PL-0005, April 2002. 

Revised Silo 3 Project Remedial Design Package, 40430-RDP-0001, May 2002. 
Revised Silos 1 and 2 Accelerated Waste Retrieval Project Remedial Design Package, 
June 2002 
Environmental Control Plan for the Silos 1 and 2 Accelerated Waste Retrieval Project, 
4071 0-PL-0007, June 2002. 

000389 
6 of 6 

C:\TEMP\Silos EnvMonPln rev2.doc 



Silos Project Environmental Monitoring Plan $ 2 6 ~  
40000-PL-0010 

May 6, 2002 

Attachment A 

000390 
C:\TEMP\Silos EnvMonPln rev2.doc 



F
 

I 
L

 
I 

Y
 

0
 

I 
0
 

" 
I 

i
 

i
 

i 

I 
I 

I 
i
 I 

i 
i 

z
 

I 
I 

I I
'

 

I
 
i i I i I i I i I i I i I I
 

I 

I 



4 2 8 7  
Silos Project Environmental Monitoring Plan 

40000-PL-0010 
May 6, 2002 

Attachment B 

C:\TEMP\Silos EnvMonPln rav2.doc 000392 



v, 
7
 

0
 

I= Q
 
0
 

0
 

-I a a c 0
. 

0
 

-I 0
 

D
 

4
 

OL 

-
 

' .. 

I 
*

*
 

I
 

Ai i
n

'
 ; 

- j ................................................... 
l- 

I 

, 
'. - iii 

000393 



SILO 3 GROSS DECONTAMINATION PLAN 

Prior t o  shutdown of the Silo 3 Project and before the subsequent dismantlement of Silo 3 
and the new Silo 3 facilities/systems, visible Silo 3 material will be removed from the 
interior of the silo and from accessible areas of the new facilities/systems. 

The general method for this material removal will be pneumatic vacuum cleanup, using the 
existing HEPANLPA-filtered pneumatic retrieval system and/or portable HEPANLPA- 
filtered vacuum units. The mechanical retrieval system, including the remotely controlled 
excavator, may also be used to mechanically loosen material from surfaces (by raking, 
brushing, etc.) and t o  prepare the material for vacuum pickup. The excavator may be used 
t o  manipulate the vacuum hoses. Operating personnel entry into the silo and other 
contamination areas will be minimized to  the extent practical and will be strictly controlled. 

CCTV-type cameras will be used t o  inspect the silo interior and other areas, and will be 
used to  view the gross decontamination operations. 

The material will be collected, packaged, and shipped off-site for disposal in a manner 
similar and consistent with the processing of the bulk of the retrieved Silo 3 material. The 
generation of secondary waste is not anticipated and, if necessary t o  generate, the 
detailed plans and procedures will focus on minimization of secondary waste. 

Detailed plans and procedures will be developed when the bulk of the Silo 3 material has 
been removed from the silo. 
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000394 

05/06/2002 



. .  
I '- 

r: . . .  .. . . . . . . .  . . . . .  . . . . . . . . . . . . . . .  . . . . .  > . . . . .  

. .  . . . . .  
. . . . .  . .  
_ .  . . ., . 

. .  . .  . .  

.. 

SILOS PROJECT 

Health and 
Safety Controls 

40000-PL-0014 
. . . .  . . .  . . . . .  . . .  . . . . . . . . . .  . . . . .  . . . .  

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

. .  

. .  . .  . .  
. .  . _ .  . .  

. .  . .  

. .  . .  

MARCH .2002 

. 

. . . . . . .  . .  . . . . . . . . . . . . . . .  . .  . .  L , . .  , 

. . . . . . . .  - _  ..... - . .-.-.-- . 
t': 

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

FERNALD . . . .  ENVIRONMENTAL.:MANAGEMENT PROJECT .. . -. .. . .  ~ - E R N A L D , : . ' ~ ~ ~ ~ ,  
. . . . .  . .  . .  

. .  

. . . . . . . . . . . .  - . 
. . . . . .  ..: . . . .  I 

. . . . . . . . . . . .  * .  000395 
. . . . .  . . . .  . .  . .  . . . . . . . .  

. .  - .. 

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

. .  

. . .  
- . .  



I 

40000-PLoo14 Hgts Controls 
c 

This document has been reviewed and approved by: 

Date: Project Manager: 

Health and Safety 
Manager: 

Industrial Safety 
Lead: 

Industrial Hygiene 
Lead: 

a 

'. 
I '  

4 2 6 1  

. .  . .  
L .  . _  . -  - .  . .  

. .. . . . .  _ _  . - .  
. -  

- .  
. .  . .  
. . .  . . . -  ._  . . . .  

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

. . ? ,  . .  

. .  

000396 

-- . .  . ___ . _ _  - .. - . __-- _ _  .. . .-- -.-_ L- _. -Page .i-:-.-- .. . .: . _ _ _  _ _  . . _ _  . :.- ... . . . . 
. .  . .. 



1- 40000-PLoo14 H&S Controls 

4 2 6 7  
1.0. PURPOSE 

The Health and Safety Controls portion of the Remedial Design Package is designed to illustrate 
the planned preventative or mitigative measures to address the occupational hazards identified 
for the Silos Project. The Health and Safety Controls are presented consistent with the Silos 
Health and Safety Plan. The Silos Health and Safety Plan takes into account the specific hazards 
inherent to the Silos Project site and presents procedures to be followed by Fluor Fernald, its 
subcontractors, and all other on-site personnel to avoid and, if necessary, protect against health 
andor d e t y  hazards. Exhibit 1.0-1, an excerpt fiom the Silos Health and Safiety Plan, illustrates 
the activities associated with the Silos Project and the hazards associated with the activities. 

The Health and Safety Matrix (Exhibit 1 .O-2) lists the occupational hazards as identified in the 
Silos Project Health and Safety Plan. The hazards identified in the Health and Safety Matrix are 
limited to those considered to be common construction and/or occupational safety hazards. 
These hazards are addressed by the safety programs, policies and procedures used to ensure that 
work is performed safely. Some of the health and safety controls used to mitigate the 
occupational hazards identified are listed in terms of 

0 Frequency and type of monitoring required 
0 Personnel Protective Equipment (PPE) 
0 Training Requirements 
0 Medical Monitoring Requirements 
0 Administrative and Engineering Control Measures 
0 Permit(s) 
0 Decontamination and Disposal Procedures 

The FEMP Emergency Plan, PL-3020 describes the emergency management program that 
responds to potential hazards at the site. Potential hazards identified at FEMP include severe 
weather, hazardous and radiological material releases, bomb threats, vehiclehausportation 
accidents, earthquakes and other events. The Emergency Plan identifies the responsible parties 
to contact in the event of an emergency and details which personnel would respond to the event. 
Specific elements of emergency support procedures are addressed in the Silos Project Health and 
Safety Plan. These elements include communications, local emergency support units, 
preparation for medical emergencies, first aid for injuries incurred on site, -. - record keeping, y d  - 
emergency site evacuation procedures. 

The health and safety controls will be developed fbrther as the Operations Phase of the Silos 
Project is fbrther delineated and with the development of activity specific Work Plans. 
Additional occupational hazards and associated mitigative measures may be identified as the 
project progresses. 

0003.97 
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