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ABSTRACT 

This report is the decision document for a non-time-critical removal action 
to encapsulate irradiated beryllium reflector blocks and outer shim control 
cylinders using in situ grouting. Reflector blocks and shim control cylinders are 
buried in the Subsurface Disposal Area, a radioactive waste landfill within the 
Radioactive Waste Management Complex, part of the Idaho National 
Engineering and Environmental Laboratory. 

This action is being initiated because field-monitoring data and modeling 
of contaminant fate and transport from the Ancillary Basis for Risk Analysis of 
the Subsurface Disposal Area and the Preliminary Evaluation of Remedial 
Alternatives for the Subsurface Disposal Area suggest that release and migration 
of mobile fission and activation products (including carbon-14) are occurring. 
Corrosion of the reflector blocks and subsequent documented release of 
carbon-14 into the surrounding environment indicate that, if no response action is 
taken, migration of these contaminants from the Subsurface Disposal Area to the 
Snake River Plain Aquifer will occur in less than 100 years.  

In situ grouting has been identified in the Second Revision to the Scope of 
Work for the Operable Unit 7-13/14 Waste Area Group 7 Comprehensive 
Remedial Investigation/Feasibility Study as part of the assembled alternatives for 
final remediation of the Subsurface Disposal Area and does not preclude final 
remedies. Completing this action can significantly reduce beryllium corrosion 
and infiltration of water through areas where the beryllium reflector blocks and 
shim control cylinders are buried. 
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Action Memorandum for the OU 7-13/14  
Early Actions Beryllium Encapsulation Project 

1. PURPOSE 
This action memorandum documents selection of the non-time-critical removal action (NTCRA) 

recommended in the Engineering Evaluation/Cost Analysis for the OU 7-13/14 Early Actions Beryllium 
Project (Lopez and Schultz 2004). This action is for specific locations in the Subsurface Disposal Area 
(SDA) within the Radioactive Waste Management Complex at the Idaho National Engineering and 
Environmental Laboratory (INEEL) (see Figure 1 for the location of the INEEL and major facilities). The 
INEEL is a federal facility under the U.S. Department of Energy (DOE). This NTCRA comprises in situ 
grouting (ISG) to reduce release and migration of carbon-14 by isolating irradiated beryllium reflector 
blocks buried at the SDA. Outer shim control cylinders (OSCC) are components that are used to control 
the neutron flux within the reactor and contain a large amount of beryllium that would have been 
activated to some extent. 

Field-monitoring data and modeling of contaminant fate and transport from the Ancillary Basis for 
Risk Analysis of the Subsurface Disposal Area (Holdren et al. 2002) and the Preliminary Evaluation of 
Remedial Alternatives for the Subsurface Disposal Area (Zitnik et al. 2002) suggest that mobile, 
long-lived C-14 (5,715-year half-life) may be released and migrate to the Snake River Plain Aquifer 
beneath the SDA if no action is taken to mitigate this release. In situ grouting is part of the assembled 
alternatives in the Second Revision to the Scope of Work for the Operable Unit 7-13/14 Waste Area 
Group 7 Comprehensive Remedial Investigation/Feasibility Study (Holdren and Broomfield 2003). 

This NTCRA will isolate the beryllium reflector blocks and reduce the infiltration of water through 
areas where they are buried in the SDA, therefore reducing corrosion and corresponding release and 
migration of C-14. This action is consistent with assembled alternatives and does not preclude final 
remedies for the SDA. The final remedial alternatives currently under consideration are No Action (as a 
baseline), an engineered surface barrier cap (a cap is an element of all alternatives), ISG, and retrieval 
(with treatment and disposal). Also, grouting the beryllium blocks will not hinder future retrievals, should 
they be necessary. 

2. BACKGROUND AND SITE DESCRIPTION 
The following sections provide historical background of the Site and the beryllium reflector blocks. 

Table 1 (adapted from Mullen et al. 2003) summarizes the irradiated beryllium reflector block and OSCC 
waste in the SDA and identifies burial locations. The Engineering Evaluation/Cost Analysis (EE/CA) 
(Lopez and Schultz 2004), Section 2, contains further descriptions and details of this removal action. 

2.1 Site Description 
Contaminants in the SDA radioactive waste landfill include elements resulting from weapons 

manufactured at the Rocky Flats Plant, fission and activation products resulting from on- and off-INEEL 
reactor operations, and hazardous chemicals associated with all waste sources. Currently, the Radioactive 
Waste Management Complex covers 71.6 ha (177 acre) in the southwestern quadrant of the INEEL. In 
1952, the SDA was established at 5.26 ha (13 acre) for disposal of solid radioactive waste. Burial of 
defense waste with transuranic elements from the Rocky Flats Plant began in 1954; by 1957 the original 
SDA was nearly full. In 1958, the SDA was expanded to 35.6 ha (88 acre), which remained the same until 
1988, when the security fence was relocated outside the dike surrounding the SDA, and the current size of 
39.3 ha (97.14 acre) was established. Radioactive waste was buried in pits, trenches, and soil vault rows 
excavated into a veneer of surficial sediment. This sediment is underlain by a thick series of basaltic lavas 
intercalated with sedimentary deposits. 



 

 2 

 
Figure 1. Map of the Idaho National Engineering and Environmental Laboratory showing locations of the 
Radioactive Waste Management Complex and other major facilities. 
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The major contribution of beryllium reflector waste to the SDA came from the Test Reactor Area. 
At the Test Reactor Area, the Advanced Test Reactor, Engineering Test Reactor, and Materials Test 
Reactor contributed beryllium reflectors and other irradiated components that were buried in pits and soil 
vaults in the SDA between 1970 and 1993. The beryllium had been used as a neutron reflector in these 
nuclear test reactors. The buried waste includes 20 beryllium blocks from Advanced Test Reactor 
Cores 1, 2, and 3, nine OSCCs from Advanced Test Reactor Cores 1 and 2, and one beryllium reflector 
assembly each from the Materials Test Reactor and Engineering Test Reactor. Results of monitoring from 
functioning probes at two of the beryllium burial locations indicate that specific activity of C-14 in samples is 
approximately two to five orders of magnitude above the typical background concentration of C-14, which is 
6.5 pCi/g (Olson et al. 2003; Koeppen et al. 2004). 

2.2 Location 

Irradiated beryllium reflector blocks were disposed of in the SDA during three major disposals in 
1976, 1977, and 1993. A total of 4,742 kg (10,454 lb) of beryllium was disposed of from the Test Reactor 
Area (Mullen et al. 2003). Under this NTCRA, encapsulation is recommended for beryllium reflector 
blocks and OSCC disposed of in Soil Vault Rows 17 and 20 and Trenches 52, 54, and 58 (see Figure 2). 
An additional location may be included in this NTCRA pending verification and validation of beryllium 
reflector blocks within Trench 57. 

Pit 5

Pit 4

Pit 2

Pit 10

Pit 15

Pit 6

Pit 9
Pit 3

Pit 8Pit 1

Pit 12

Pit 11 Pit 16

Pit 13

Pit 7

Project:                 Early Actions
Map Requestor:   S Lopez
Gis Analyst:          D Conner
Date Drawn:         April  9, 2004
Path:                    projects/rwmc/grout_design
File Name:            grout_be_bl-v6.mxd

Pit  or  Trench Boundary

Pits 7, 8, and 13 to 16

Trenches 16 to 58

Soil Vault Rows

Total SDA Area

  Approximate Beryllium Reflector Block Locations

250 0 250125

Feet

Pad A

Acid Pit

Beryllium Reflector Disposals

SVR 20

TRE 52

TRE 58

SVR 17
Pit 14

Pit 17

Pit 18

Pit 19

Pit 20
TRE 54

 
Figure 2. Map of pits, trenches, and soil vault rows in the Subsurface Disposal Area showing burial areas 
of beryllium reflector blocks and outer shim control cylinders. 

2.3 Other Actions to Date 

Previous actions include: 

• Fencing around the perimeter of the SDA to keep intruders out 

• Monitoring of shallow subsurface vapor and soil moisture around specific beryllium blocks; 
concentrations of C-14 have been increasing since 1999 (Holdren et al. 2002) 
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• Monitoring of vadose zone for contaminant releases has detected C-14 in unsaturated subsurface; 
concentration is increasing in soil moisture and perched water (Holdren et al. 2002) 

• Two previous studies that have: 

- Analyzed the estimated cumulative human health and ecological risks of the SDA 
(Holdren et al. 2002) 

- Evaluated alternatives to identify and screen potential technologies and process options for 
remediating the SDA (Zitnik et al. 2002). 

Current actions include: 

• Rope barriers isolating Soil Vault Row 20 to keep out unauthorized personnel 

• Maintenance activities contouring the surface; this ensures cover and controls drainage to reduce 
moisture infiltration. 

3. THREATS TO THE ENVIRONMENT 

Under this NTCRA, beryllium reflector blocks will be encapsulated using ISG in specific areas at 
the SDA. This response action is based, in part, on five previous documents: 

• The Ancillary Basis for Risk Analysis of the Subsurface Disposal Area (Holdren et al. 2002) 
estimated cumulative human health and ecological risks associated with the SDA 

• The Preliminary Evaluation of Remedial Alternatives for the Subsurface Disposal Area 
(Zitnik et al. 2002) evaluated remedial alternatives to mitigate unacceptable risks 

• The Second Revision to the Scope of Work for the Operable Unit 7-13/14 Waste Area Group 7 
Comprehensive Remedial Investigation/Feasibility Study (Holdren and Broomfield 2003) 
identified ISG as part of all assembled alternatives for final remediation of the SDA 

• Two reports, FY 2002 Environmental Monitoring Report for the Radioactive Waste Management 
Complex (Olson et al. 2003) and Fiscal Year 2003 Environmental Monitoring Report for the 
Radioactive Waste Management Complex (Koeppen et al. 2004), identify presence of contaminants 
of potential concern in both the vadose zone and the aquifer. 

These studies provided updated supporting information to identify radionuclides and waste forms 
that are candidates for early action and a method to reduce risk from these waste forms. Carbon-14 in 
activated beryllium reflector blocks was identified as an important cause of near-term risk. It was 
concluded from these reports that near-term risk and hazards may exist, and, if not addressed in a timely 
manner by implementing the response action selected in this action memorandum, the risk and hazards 
may be realized. 

An early action that implements ISG at the SDA could significantly reduce source release and 
contaminant mobility and is consistent with implementing the final remedial action. The Ancillary Basis 
for Risk Analysis of the Subsurface Disposal Area (Holdren et al. 2002) estimates groundwater ingestion 
risk greater than 1E–04 from C-14 from all sources, and 19% of the C-14 risk is attributable to the 
beryllium reflector blocks. In situ grouting was selected in accordance with “National Oil and Hazardous 
Substances Pollution Contingency Plan” (NCP) (40 CFR 300) regulations promulgated by the U.S. 
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Environmental Protection Agency (EPA) under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) (42 USC § 9601 et seq., 1980), as amended by the 
Superfund Amendments and Reauthorization Act. 

4. ENDANGERMENT DETERMINATION 

Based on existing site characterization and risk information, it is concluded that beryllium located 
within the SDA contains hazardous substances that have been released to the surrounding environment 
and that the source materials present a risk of future release, and therefore, there is a basis for undertaking 
response action under authority of CERCLA Section 104(a)(1). The corrosion of beryllium and 
subsequent release of C-14 from this site pose a threat to the environment if the response action selected 
in this action memorandum is not implemented. The proposed NTCRA is consistent with relevant NCP 
criteria for determining the appropriateness of a removal action because the area contains “hazardous 
substances or pollutants or contaminants in drums, barrels, tanks, or other bulk storage containers that 
may pose a threat of release” (40 CFR 300.415[b][2][iii]). 

5. PROPOSED ACTIONS AND ESTIMATED COST 

5.1 Proposed Actions 
The in situ encapsulation will be accomplished by using a high-pressure (300–500 bars  

[4,500–7,500 psi]) nondisplacement jet-grouting method (DOE-ID 1999; Loomis, Zdinak, and 
Bishop 1997). The injection of a specially formulated grout (e.g., Waxfix) will be completed with a drill 
rig, which inserts and pushes a removable drill stem to the bottom of the waste zone (i.e., bedrock), 
injecting the specially formulated grout while the drill stem is removed. During the injection process, 
grout returns to the surface along the outside of the drill stem will confirm filling the void space. 

In situ grouting has been approved by regulating agencies and implemented on small-scale sites at 
the Oak Ridge National Laboratory, the Savannah River Site, the Brookhaven National Laboratory, and 
the Acid Pit within the SDA. An evaluation of the technology and application to the SDA conditions, 
including a summary of ISG case histories, is provided in the Evaluation of In Situ Grouting for 
Operable Unit 7-13/14 (Armstrong, Arrenholz, and Weidner 2002). This action is consistent with the 
final remedy. 

The objective of using ISG is to encapsulate buried waste in contiguous grout columns to stabilize 
C-14 resulting from corrosion of the beryllium reflector blocks buried in soil vaults and trenches. This 
proposed action will encapsulate beryllium reflector waste in Soil Vault Rows 17 and 20 and 
Trenches 52, 54, and 58 (see Figure 2 for map of locations). This ISG technology will limit: 

• Metallic corrosion and nonmetallic dissolution by minimizing the amount of water that can reach 
the waste and by insulating dissimilar metals to mitigate galvanic corrosion 

• Diffusion of released radionuclides into surrounding soil 

• The chemical environment that promotes leaching of contaminants. 

Table 1 presents a tabulation of information specific to beryllium reflector blocks and OSCC for 
which this action is recommended. At this time, the beryllium identified in Table 1 is all of the beryllium 
reflector blocks that records identify as being disposed of in the SDA. All known locations will be 
surveyed using geophysical methods, through tritium sampling and inventory updates, before initiation of 
any action proposed in this document. 
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5.2 Removal Action Objectives 

This removal action contributes to overall remediation of the SDA under CERCLA and is 
consistent with assembled alternatives in the Second Revision to the Scope of Work for the Operable 
Unit 7-13/14 Waste Area Group 7 Comprehensive Remedial Investigation/Feasibility Study 
(Holdren and Broomfield 2003). The objectives of the removal action are to: 

• Reduce the risk of contaminant migration toward the Snake River Plain Aquifer by grouting the 
contaminant source (i.e., beryllium blocks) 

• Inhibit further corrosion of the beryllium blocks and thus the release and subsequent migration 
of contaminants 

• Prevent worker exposure through engineering and institutional controls to potential contaminants 
released during the grouting activity. 

5.3 Estimated Cost 

This section provides the estimated cost for ISG as detailed in the EE/CA (Lopez and 
Schultz 2004). The record of decision for Operable Unit 7-13/14 will specify CERCLA monitoring 
requirements for the entire Radioactive Waste Management Complex. 

Costs for grouting are presented as entire project costs, from start to finish. Development of the 
grouting alternative for beryllium reflector blocks has a proposed duration of 1 year. 

Table 2 summarizes the initial cost estimate for ISG. 

Table 2. Total estimated costs for in situ grouting. 

Cost Element In Situ Grouting ($) 

Management and oversight 1,000K 

Engineering 100K 

Procurement 50K 

Construction 3,000K 

Operation and maintenance support 250K 

Surveillance and monitoring 100K 

Total 4,500K 
 

5.4 Project Schedule 

This removal action is projected to be completed within Fiscal Year 2004. The tentative schedule 
for grouting shows mobilization in May 2004, with grouting starting in June, and completion of the 
grouting action by October 2004. A final report on the NTCRA will be produced by Bechtel BWXT 
Idaho, LLC, upon completion of the project; the grouting contactor also will produce a final report. The 
final reports will be delivered to EPA and Idaho Department of Environmental Quality. Below is a 
high-level schedule for the project: 
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• Grouting demonstration    `  06/14/04–06/19/04 

• Mobilize to test area      06/14/04-06/30/04 

• Management self-assessment     06/21/04-07/06/04 

• Perform grouting       07/07/04-08/31/04 

• Project close-out and final operations    09/02/04-09/30/04 

• Final report       09/17/04-09/30/04. 

5.5 Applicable or Relevant and Appropriate Requirements 

Table 3 summarizes the evaluation of regulatory compliance and applicable or relevant and 
appropriate requirements (ARARs). Chemical-specific ARARs are usually health- or risk-based 
numerical values or methodologies that result in the establishment of numerical values when applied to 
site-specific conditions. Location-specific ARARs are restrictions placed on the concentration of 
hazardous substances or the conduct of activities solely because they are in specific locations. 

The selected response action will be protective of human health and the environment and will be 
performed in a cost-effective manner. The removal action complies with those federal and state ARARs 
as identified for the scope of this action. The following subsections discuss chemical-specific, 
action-specific, and location-specific ARARs pertinent to this removal action. The removal action 
ARARs are shown in Table 3. 

Table 3. Regulatory compliance evaluation summary for the In Situ Grouting alternative. 
Applicable or Relevant and Appropriate 

Requirements or to Be Considered Type Relevancya Citation 
Idaho toxic air pollutants Chemical A (IDAPA 58.01.01.585 

and .586) 
Idaho ambient air quality standards for 
specific air pollutants 

Chemical A (IDAPA 58.01.01.577) 

National emission standards for emissions of 
radionuclides other than radon from U.S. 
Department of Energy facilities 

Chemical/ 
Action 

A (40 CFR 61.92, .93, .94[a]) 

National ambient air quality standards Chemical A (40 CFR 50) 
Idaho control of fugitive dust emissions Action A (IDAPA 58.01.01.650 

and .651) 
Hazardous waste determination Action A (IDAPA 58.01.05.006) 

(40 CFR 262.11) 
Standards for owners and operators of 
treatment, storage, and disposal facilities—use 
and management of containers 

Action R (IDAPA 58.01.05.008) 
(40 CFR 264.171–177) 

Radioactive waste management Action TBC (DOE O 435.1) 

Radiation protection of the public and the 
environment 

Chemical 
and action 

TBC (DOE O 5400.5) 

Decontamination of equipment Action TBC (DOE O 5400.5[IV][4][d]) 
a. A = applicable requirement, R = relevant and appropriate requirement, TBC = to-be-considered requirement 
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5.5.1 Chemical-Specific Applicable or Relevant and Appropriate Requirements 

It is anticipated that chemical-specific provisions of the Idaho groundwater quality rules and 
associated maximum contaminant levels (IDAPA 58.01.11) will be ARARS for the comprehensive 
Operable Unit 7-13/14 remedy but are not applicable or relevant to the limited scope of the NTCRA. 
Since the removal action only constitutes partial control, chemical-specific ARARS for groundwater 
restoration are not being considered (EPA 1988). 

5.5.2 Action-Specific Applicable or Relevant and Appropriate Requirements 

Substantive Resource Conservation and Recovery Act requirements for generators to identify and 
manage hazardous waste (40 CFR 261; 40 CFR 262) would be applicable to ISG if hazardous waste was 
generated during these activities. Requirements for storage (40 CFR 264.171–177) are identified as 
ARARs to address this possibility. The decision to implement Resource Conservation and Recovery Act 
ARARs will be based on the hazardous waste determination that will be completed before implementation 
of the response action. 

Construction and remediation would meet state and federal requirements for air quality standards. 
Requirements for the State of Idaho include controlling toxic air pollutants (IDAPA 58.01.01.585 and 
.586), “Ambient Air Quality Standards for Specific Air Pollutants” (e.g., particulate matter 
[IDAPA 58.01.01.577]), and “Rules for Control of Fugitive Dust” (IDAPA 58.01.01.650). Federal 
requirements include “National Emission Standards for Hazardous Air Pollutants” (e.g., radionuclides) 
(40 CFR 61) and “National Primary and Secondary Ambient Air Quality Standards” (e.g., particulate 
matter) (40 CFR 50). These requirements would be met by using appropriate engineering controls. 

Relevant substantive requirements of “Radiation Protection of the Public and the Environment” 
(DOE O 5400.5) and “Radioactive Waste Management” (DOE O 435.1), which specify DOE radiation 
protection and management requirements, would be met as to-be-considered requirements. 

5.5.3 Location-Specific Applicable or Relevant and Appropriate Requirements 

Because the SDA is a previously disturbed area and because of the limited scope of this NTCRA, 
no location-specific requirements are identified. 

6. EXPECTED CHANGE IN THE SITUATION SHOULD ACTION BE 
DELAYED OR NOT TAKEN 

Delaying the removal action may result in future risk to health and safety of the public and to the 
environment. Accepting the No Action alternative at this time will allow corrosion of the beryllium 
blocks to continue, causing release of C-14 and ultimate contamination of the Snake River Plain Aquifer. 

7. STATUTORY AND REGULATORY AUTHORITY 

In 1989—under the authority of CERCLA (42 USC § 9601 et seq., 1980)—the EPA listed the 
INEEL on the National Priorities List (54 FR 48184). In 1991, the DOE, EPA, and Idaho Department of 
Health and Welfare—now the Idaho Department of Environmental Quality—signed a Federal Facility 
Agreement and Consent Order (FFA/CO) (DOE-ID 1991) outlining the process and schedule to facilitate 
cleanup of areas at the INEEL. The process and schedule are identified in the FFA/CO Action Plan in 
accordance with CERCLA, the Resource Conservation and Recovery Act (42 USC § 6901 et seq., 1976), 
and the State of Idaho Hazardous Waste Management Act (Idaho Code § 39-4401 et seq., 1983). 
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The lead agency for this NTCRA decision is DOE. The EPA and Idaho Department of 
Environmental Quality participate by reviewing the EE/CA and reviewing and concurring on this action 
memorandum. After completion of the NTCRA, the effect of this NTCRA and the remaining 
contaminants will be reviewed by the agencies under the FFA/CO process as part of the remedial action 
process. This action will comply with the state and federal ARARs. See Section 5.5 for a detailed 
statement of ARARs. An action implementing ISG at the SDA could significantly reduce source release 
and contaminant mobility and is consistent with implementing the final remedial action. 

The DOE Idaho Operations Office, in line with the commitment to solicit public participation on 
remedial action in the Community Relations Plan: A Guide to CERCLA Public Involvement in the 
Cleanup Program at the INEEL (DOE-ID 2004), has made the EE/CA (Lopez and Schultz 2004) 
available in the Administrative Record file for Operable Unit 7-13/14 and on the Internet. The 
Administrative Record is located at the DOE Reading Room of the Technical Library in Idaho Falls; 
copies also were available at Albertsons Library at Boise State University. The EE/CA was available on 
the Internet at http://ar.inel.gov. In addition to public availability of the EE/CA, two briefings requested 
by citizens’ groups were held on April 6 and 9, 2004. A total of 27 comments was received through the 
public availability of the EE/CA and the two briefings. These comments and responses have been added 
to the Administrative Record file and are attached as Appendix A. The comments did not require any 
changes in the early action. 

The DOE Idaho Operations Office has concluded that an NTCRA is warranted to reduce risk 
caused by corroding beryllium reflector blocks and subsequent release of C-14, which poses a threat to 
the environment. The decision is consistent with regulations from the NCP [40 CFR 300.415(b)(4)(i)]. 
The NCP lists actual or threatened releases of pollutants and contaminants as factors for concluding that 
an appropriate removal action is warranted. 

8. OUTSTANDING POLICY ISSUES 

No outstanding policy issues are associated with this action. 

The activities covered by this action memorandum will be consistent with the requirements of the 
INEEL FFA/CO (DOE-ID 1991). The FFA/CO ensures that the DOE Idaho Operations Office and its 
contractors comply with federal and state environmental regulations for cleanup at each waste area. Based 
on agreements with EPA and Idaho Department of Environmental Quality, DOE Idaho Operations Office 
is conducting this action to remove a hazard caused by corrosion of beryllium and subsequent release of 
C-14. A summary report of activities completed under this action will be made available to the public in 
compliance with the Community Relations Plan: A Guide to CERCLA Public Involvement in the Cleanup 
Program at the INEEL (DOE-ID 2004), which applies to all CERCLA activities at the INEEL. 

9. ENFORCEMENT 

The DOE Idaho Operations Office is conducting this removal action as the lead agency under the 
authority of the NCP (40 CFR 300). 

10. RECOMMENDATION 

This decision document provides for encapsulating buried beryllium reflector blocks and OSCCs 
by ISG, therefore mitigating release of C-14 to the environment from the SDA. It was developed in 
accordance with CERCLA and is consistent with NCP (40 CFR 300). 
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An action implementing ISG at the SDA could significantly reduce source release and contaminant 
mobility and is consistent with implementing the final remedial action. Grouting will meet the objective 
of this action, which is to reduce release and mobility of C-14 from beryllium reflector blocks buried in 
the SDA. This approval to grout beryllium reflector blocks is consistent with: 

• The Preliminary Evaluation of Remedial Alternatives for the Subsurface Disposal Area 
(Zitnik et al. 2002) 

• The Second Revision to the Scope of Work for the Operable Unit 7-13/14 Waste Area Group 7 
Comprehensive Remedial Investigation/Feasibility Study (Holdren and Broomfield 2003) 

• All potential final remedies for the SDA 

• The EE/CA (Lopez and Schultz 2004). 

The ISG response action is expected to encapsulate and stabilize C-14. By implementing grouting 
now, the risk to human health will be substantially reduced. 
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e 
pe

ne
tra

tio
n 

of
 th

e 
dr

ill
 

ap
pe

ar
s t

o 
be

 o
ut

si
de

 th
e 

an
tic

ip
at

ed
 p

ar
am

et
er

s d
ef

in
ed

 in
 th

e 
su

bc
on

tra
ct

, t
he

 p
ro

je
ct

 w
ill

 b
e 

pl
ac

ed
 o

n 
st

an
db

y 
in

 o
rd

er
 to

 e
va

lu
at

e 
ac

ce
pt

ab
ili

ty
 o

r t
o 

de
fin

e 
a 

pa
th

 fo
rw

ar
d.

 
 It 

is
 th

e 
pu

rp
os

e 
of

 th
e 

rig
or

ou
s p

la
nn

in
g 

pr
oc

es
s u

se
d 

an
d 

do
cu

m
en

ts
, s

uc
h 

as
 th

e 
ED

F,
 to

 
an

tic
ip

at
e 

an
d 

so
lv

e 
pr

ob
le

m
s b

ef
or

e 
th

ey
 o

cc
ur

. H
ow

ev
er

, t
he

 p
ro

je
ct

 to
 g

ro
ut

 b
er

yl
liu

m
 b

lo
ck

s 
al

so
 h

as
 d

ev
el

op
ed

 p
la

ns
 to

 d
ea

l w
ith

 th
e 

fo
llo

w
in

g 
ty

pe
s o

f p
ro

bl
em

s:
 

• 
Te

ch
ni

ca
l (

pe
rf

or
m

an
ce

) 

• 
C

on
ta

m
in

at
io

n 

• 
H

ea
lth

 a
nd

 S
af

et
y 

• 
Fi

na
nc

ia
l. 

In
 a

dd
iti

on
, t

hi
s a

ct
io

n 
w

ill
 c

on
tin

ue
 to

 b
e 

m
on

ito
re

d 
af

te
r c

om
pl

et
io

n.
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H
ow

 w
id

e 
sp

re
ad

 is
 th

e 
pr

ob
le

m
 o

f “
en

ha
nc

ed
 

co
rr

os
io

n”
 a

t t
he

 b
ur

ia
l g

ro
un

d 
fr

om
 

m
ag

ne
si

um
 c

hl
or

id
e 

th
at

 w
as

 u
se

d 
as

 a
 d

us
t 

su
pp

re
ss

an
t?

 M
or

e 
sp

ec
ifi

ca
lly

, n
ow

 th
at

 th
e 

D
O

E 
kn

ow
s m

ag
ne

si
um

 c
hl

or
id

e 
ca

us
ed

 
un

an
tic

ip
at

ed
 c

or
ro

si
on

, w
ha

t a
ct

io
n 

is
 b
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ng
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ne
 to

 a
ss

es
s w

he
re

, e
xa

ct
ly

, t
he

 d
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t 
su

pp
re

ss
an

t w
as

 u
se

d 
an

d 
w

ha
t a

dd
iti

on
al

 
co

rr
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io
n 

m
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 b
e 

oc
cu

rr
in

g 
th

at
 c

ou
ld

 p
os

e 
a 

co
nt
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in

at
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n 
ris

k?
 

Th
e 

ev
al

ua
tio

n 
of

 u
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 o
f m

ag
ne

si
um

 c
hl

or
id

e 
is

 re
po

rte
d 

in
 F

at
e 

of
 M

ag
ne

si
um

 C
hl

or
id

e 
Br

in
e 

Ap
pl

ie
d 

to
 S

up
pr

es
s D

us
t f

ro
m

 U
np

av
ed

 R
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ds
 a

t t
he

 IN
EE

L 
Su
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ur

fa
ce

 D
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sa

l A
re

a 
(IN

EE
L/

EX
T-

01
-0

11
73

) a
nd
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 a

va
ila

bl
e 
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 th

e 
pu

bl
ic

 th
ro

ug
h 

th
e 

A
dm

in
is

tra
tiv

e 
R

ec
or

d.
 T
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se

ss
m

en
t t

ha
t i

de
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 th
e 

po
te

nt
ia

l r
el
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se

 o
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-1
4 

fr
om

 th
e 

be
ry

lli
um

 b
lo

ck
s a

ls
o 

ad
dr

es
se

d 
co

rr
os

io
n 

of
 o

th
er

 w
as

te
 fo

rm
s u

si
ng

 v
er

y 
co

ns
er

va
tiv

e 
co

rr
os

io
n 

ra
te

s. 
C

on
ta

m
in

an
ts

 in
 th

e 
be

ry
lli

um
 re

le
as

ed
 b

y 
co

rr
os

io
n 

ar
e 

th
e 

co
nt

am
in

an
ts

 p
os

in
g 

th
e 

ris
k 

of
 c

on
ce

rn
 a

nd
 a

re
 b

ei
ng

 
ad

dr
es

se
d 

th
ro

ug
h 

th
is

 a
ct

io
n.
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se

 m
od

el
in

g 
sh

ow
s t

ha
t c

or
ro

si
on

 o
f o

th
er

 m
et

al
s i

s a
t a

 
le

ss
er

 ra
te

 th
an

 c
or

ro
si

on
 o

f b
er

yl
liu

m
, o

th
er

 is
su

es
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nd
 p

ro
bl

em
s a

ss
oc

ia
te

d 
w

ith
 c

or
ro

si
on

 w
ill
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 a
dd

re
ss

ed
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s p
ar

t o
f t

he
 fi

na
l r

em
ed

y.
 E

ve
n 

w
ith

ou
t t

he
 e

ff
ec

ts
 o

f m
ag

ne
si

um
 c

hl
or

id
e,

 th
e 

be
ry

lli
um

 w
ou

ld
 h

av
e 

fo
llo

w
ed

 th
e 

na
tu

ra
l p

ro
gr

es
si

on
 o

f c
or

ro
si

on
 in

 th
e 

en
vi

ro
nm

en
t o

f 
th

e 
SD

A
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 T
he

re
 h

as
 n

ot
 b

ee
n 

m
uc

h 
ex

pe
rie

nc
e 

w
ith

 
W

ax
fix

, b
ut

 o
ne

 o
f t

he
 c

rit
er

ia
 it

 m
et

 w
as

 th
at

 it
 

do
es

 n
ot

 se
em

 to
 m

ig
ra

te
 in

to
 u

nd
is

tu
rb

ed
 

gr
ou

nd
 w

he
n 

it 
is

 in
je

ct
ed

. I
s t

ha
t a

dv
an

ta
ge

 
lo

st
, t

ho
ug

h,
 w

he
n 

de
al

in
g 

w
ith

 b
er

yl
liu

m
 

bl
oc

ks
 th

at
 w

er
e 

di
sp

os
ed

 o
f i

n 
tre

nc
he

s r
at

he
r 

th
an

 v
au

lts
? 

In
 te

rm
s o

f W
A

X
FI

X
 m

ig
ra

tin
g,

 th
e 

m
aj

or
 d

iff
er

en
ce

 b
et

w
ee

n 
gr

ou
tin

g 
th

e 
tre

nc
he

s a
nd

 th
e 

so
il 

va
ul

ts
 is

 si
m

pl
y 

th
at

 m
or

e 
gr

ou
t w

ill
 b

e 
us

ed
 in

 th
e 

tre
nc

he
s. 

Th
e 

tre
nc

he
s c

on
ta

in
 m

or
e 

di
st

ur
be

d 
gr

ou
nd

 a
nd

 h
av

e 
gr

ea
te

r v
oi

d 
ar

ea
s a

nd
, t

he
re

fo
re

, w
ill

 “
so

ak
 u

p”
 m

or
e 

gr
ou

t. 
A

 sm
al

l a
m

ou
nt

 o
f 

gr
ou

t w
ill

 m
ov

e 
in

to
 th

e 
un

di
st

ur
be

d 
gr

ou
nd

, b
ut

 th
e 

lo
w

er
 d

en
si

ty
 a

nd
 v

oi
d 

sp
ac

es
 in

 th
e 

di
st

ur
be

d 
gr

ou
nd

 w
ill

 e
nc

ou
ra

ge
 th

e 
gr

ou
t t

o 
m

ov
e 

in
 th

at
 d

ire
ct

io
n 

ra
th

er
 th

an
 in

to
 th

e 
un

di
st

ur
be

d 
gr

ou
nd

. T
hi

s d
iff

er
en

ce
 h

as
 b

ee
n 

an
tic

ip
at

ed
 a

nd
 ta

ke
n 

in
to

 c
on

si
de

ra
tio

n 
in

 th
e 

de
si

gn
 a

nd
 g

ro
ut

in
g 

pr
oc

es
s. 
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 W
ill

 th
e 

pl
an

ne
d 

in
-s

itu
 g

ro
ut

in
g 

pr
od

uc
e 

ha
za

rd
ou

s o
r r

ad
io

ac
tiv

e 
w

as
te

? 
If 

so
, h

ow
 w

ill
 

th
e 

ne
xt

 w
as

te
 b

e 
de

al
t w

ith
? 

A
s w

ith
 a

ll 
in

du
st

ria
l o

pe
ra

tio
ns

, w
as

te
 w

ill
 b

e 
ge

ne
ra

te
d,

 b
ut

 it
 is

 a
n 

im
po

rta
nt

 p
ar

t o
f t

he
 

pl
an

ni
ng

 p
ro

ce
ss

 to
 e

ns
ur

e 
th

at
 w

as
te

 is
 m

in
im

iz
ed

 w
ith

 th
e 

gr
ea

te
st

 p
os

si
bl

e 
rig

or
. L

ow
-le

ve
l 

ra
di

oa
ct

iv
e 

w
as

te
 w

ill
 b

e 
ge

ne
ra

te
d 

in
 th

e 
fo

rm
 o

f e
qu

ip
m

en
t u

se
d 

to
 p

ro
te

ct
 p

er
so

nn
el

 
(e

.g
., 

gl
ov

es
 a

nd
 c

ov
er

al
ls

) a
nd

 th
e 

co
nt

am
in

at
ed

 d
ril

l s
te

m
 th

at
 p

en
et

ra
te

s t
he

 a
re

a 
to

 b
e 

gr
ou

te
d.

 
D

is
po

sa
l o

f a
ny

 lo
w

-le
ve

l r
ad

io
ac

tiv
e 

w
as

te
 w

ill
 b

e 
in

 th
e 

lo
w

-le
ve

l w
as

te
 p

it 
at

 th
e 

R
W

M
C

. 
H

az
ar

do
us

 w
as

te
 is

 n
ot

 e
xp

ec
te

d 
to

 b
e 

ge
ne

ra
te

d,
 b

ut
 th

e 
dr

ill
 ri

g 
w

ill
 u

se
 o

il,
 h

yd
ra

ul
ic

 fl
ui

d,
 a

nd
 

ga
so

lin
e.

 If
 g

en
er

at
ed

, h
az

ar
do

us
 w

as
te

 w
ill

 b
e 

di
sp

os
ed

 o
f a

cc
or

di
ng

 to
 a

pp
ro

ve
d 

m
et

ho
ds

 
th

ro
ug

h 
th

e 
IN

EE
L 

co
nt

ra
ct

 w
ith

 C
he

m
ic

al
 W

as
te

 M
an

ag
em

en
t. 
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D
O

E 
sh

ou
ld

 id
en

tif
y 

an
d 

fu
lly

 a
na

ly
ze

 
su

bs
ta

nt
iv

e 
al

te
rn

at
iv

es
 b

es
id

es
 th

os
e 

pr
es

en
te

d 
in

 th
is

 d
oc

um
en

t 

Th
e 

U
.S

. D
ep

ar
tm

en
t o

f E
ne

rg
y 

(D
O

E)
 is

 d
et

er
m

in
ed

 to
 ta

ke
 q

ui
ck

 a
ct

io
n 

to
 re

du
ce

 ri
sk

. 
A

dd
iti

on
al

 su
bs

ta
nt

iv
e 

al
te

rn
at

iv
es

 th
at

 c
an

 b
e 

re
ad

ily
 im

pl
em

en
te

d 
to

 a
ch

ie
ve

 ra
pi

d 
ris

k 
re

du
ct

io
n 

ar
e 

no
t a

va
ila

bl
e 

fo
r b

er
yl

liu
m

 b
lo

ck
s (

PE
RA

 [I
N

EE
L/

EX
T-

02
-0

12
58

])
. C

ap
pi

ng
 a

lo
ne

 
is

 n
ot

 su
ff

ic
ie

nt
 re

m
ed

ia
tio

n 
fo

r b
er

yl
liu

m
 b

lo
ck

s. 
R

et
rie

va
l c

an
no

t b
e 

re
ad

ily
 im

pl
em

en
te

d 
(s

ee
 

re
sp

on
se

 to
 C

om
m

en
t 4

0)
. T

he
re

fo
re

, D
O

E 
ha

s i
de

nt
ifi

ed
 a

nd
 fu

lly
 a

na
ly

ze
d 

th
e 

on
ly

 
re

m
ed

ia
tio

n 
th

at
 sa

tis
fie

s t
he

 o
bj

ec
tiv

e 
of

 im
m

ed
ia

te
 ri

sk
 re

du
ct

io
n.

 T
he

 Id
ah

o 
D

ep
ar

tm
en

t o
f 

En
vi

ro
nm

en
ta

l Q
ua

lit
y 

(D
EQ

) a
nd

 U
.S

. E
nv

iro
nm

en
ta

l P
ro

te
ct

io
n 

A
ge

nc
y 

(E
PA

) r
ev

ie
w

ed
 th

e 
En

gi
ne

er
in

g 
Ev

al
ua

tio
n/

C
os

t A
na

ly
si

s f
or

 th
e 

O
U

 7
-1

3/
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 E
ar

ly
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ct
io

ns
 B

er
yl

liu
m

 P
ro

je
ct

 
(E
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C

A
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D
O

E/
N

E-
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 c
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Th
e 

EE
/C

A
 re

pe
at

ed
ly

 m
ak

es
 th

e 
ba

ld
 

st
at

em
en

t t
ha

t i
n-

si
tu

 g
ro

ut
in

g 
is

 c
on

si
st

en
t w

ith
 

th
e 

fin
al

 re
m

ed
y 

at
 th

e 
RW

M
C

, y
et

 fa
ils

 to
 

id
en

tif
y 

th
at

 fi
na

l r
em

ed
y,

 o
r t

he
 v

ar
io

us
 

po
te

nt
ia

l f
in

al
 re

m
ed

ie
s. 

It 
is

 w
el

l k
no

w
n 

th
at

 
D

O
E 

st
ro

ng
ly

 fa
vo

rs
 si

m
pl

y 
ca

pp
in

g 
th

e 
bu

ria
l 

pi
ts

 a
nd

 tr
en

ch
es

, l
ea

vi
ng

 to
xi

c 
ch

em
ic

al
s a

nd
 

de
ad

ly
 ra

di
on

uc
lid

es
 in

 p
la

ce
. I

t i
s a

ls
o 

kn
ow

n 
th

at
 th

e 
D

EQ
 d

is
ag

re
es

 w
ith

 th
is

 a
pp

ro
ac

h.
 S

o 
w

hi
ch

 re
m

ed
y 

is
 g

ro
ut

in
g 

co
ns

is
te

nt
 w

ith
? 

D
O

E 
sh

ou
ld

 id
en

tif
y 

th
e 

ra
ng

e 
of

 a
lte

rn
at

iv
e 

re
m

ed
ie

s. 

Th
e 

fin
al

 re
m

ed
y 

ha
s n

ot
 b

ee
n 

id
en

tif
ie

d.
 R

em
ed

ia
l a

lte
rn

at
iv

es
 u

nd
er

 c
on

si
de

ra
tio

n 
by

 D
O

E,
 

D
EQ

, a
nd

 E
PA

 in
cl

ud
e 

(1
) c

ap
pi

ng
 w

ith
 a

n 
en

gi
ne

er
ed

 su
rf

ac
e 

ba
rr

ie
r, 

(2
) i

n 
si

tu
 g

ro
ut

in
g,

 a
nd

 
(3

) r
et

rie
va

l, 
tre

at
m

en
t, 

an
d 

di
sp

os
al

 (S
ec

on
d 

Re
vi

si
on

 to
 th

e 
Sc

op
e 

of
 W

or
k 

[IN
EL

-9
5/

02
53

])
. 

Fi
na

l r
is

k 
m

an
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em
en

t d
ec
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io

ns
 a

re
 li

ke
ly

 to
 c

on
ta

in
 e

le
m

en
ts

 o
f a

ll 
th

re
e 

ap
pr

oa
ch

es
. G

ro
ut

in
g 

is
 c

on
si

st
en

t w
ith

 a
ll 

of
 th

es
e 

re
m

ed
ie

s. 
Fo

r t
he

 c
ap

, g
ro

ut
in

g 
pr

ov
id

es
 a

dd
iti

on
al

 sa
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gu
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ns
t c

on
ta

m
in

an
t m

ig
ra

tio
n.

 F
or

 re
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ev
al

, g
ro

ut
in

g 
ex

pe
di

te
s r

et
rie

va
l b

y 
en
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ul
at

in
g 

th
e 

w
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te
 a

nd
 re

du
ci

ng
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ot
en

tia
l a

irb
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ne
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m
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n.
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 c
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n 
el
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ll 
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te
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. T
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D
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as

 b
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d 
w
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 b
e 
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 a
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ac
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ec
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he
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W
M
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d 
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d 
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 d
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g 
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m
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iv
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 p

re
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e 
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 W
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 c
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R
W

M
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 b
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n 
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m
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 c
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w
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m
ai

n 
av

ai
la

bl
e 

fo
r l

ea
ch

in
g.

 A
 re

m
ed

ia
l 

ac
tio

n 
un

de
r a

 R
O

D
 w

ill
 su

pp
os

ed
ly

 a
dd

re
ss

 th
e 

ris
k 

of
 a

ll 
so

ur
ce

s o
f c

ar
bo

n-
14

. T
hi

s E
E/

C
A

 
st

at
es

 th
e 

ris
k 

fr
om

 c
ar

bo
n-

14
, d

riv
in

g 
a 

N
ea

rly
 a

ll 
of

 th
e 

C
-1

4 
in

 b
er

yl
liu

m
 b

lo
ck

s, 
ap

pr
ox

im
at

el
y 

92
 C

i (
ab

ou
t 1

8.
5%

 o
f t

he
 to

ta
l C

-1
4 

in
 

th
e 

SD
A

), 
w

ill
 b

e 
st

ab
ili

ze
d.

 T
hi

s p
er

ce
nt

ag
e 

of
 th

e 
C

-1
4 

(1
8.

5%
) m

ak
es

 u
p 

ap
pr

ox
im

at
el

y 
90

%
 

of
 th

e 
m

ob
ile

 C
-1

4.
 T

he
 re

m
ai

ni
ng

 a
pp

ro
xi

m
at

el
y 

82
%

 o
f t

he
 to

ta
l C

-1
4 

is
 in

 st
ai

nl
es

s s
te

el
 a

nd
 

ot
he

r a
llo

ys
, w

hi
ch

 c
or

ro
de

 a
t a

 m
uc

h 
sl

ow
er

 ra
te

; t
hu

s, 
th

is
 a

ct
io

n 
is

 ta
rg

et
ed

 a
t t

he
 n

ea
r-t

er
m

 
C

-1
4 

ris
k 

fr
om

 b
er

yl
liu

m
. T

he
 ri

sk
 m

od
el

 sh
ow

s 6
E–

04
, b

ut
 th

e 
m

od
el

 is
 n

ot
 p

re
ci

se
. W

ha
t c

an
 

be
 sa

id
 is

 th
at

 th
e 

es
tim

at
ed

 p
ea

k 
ris

k 
at

tri
bu

ta
bl

e 
to

 a
ll 

C
-1

4 
in

 th
e 

SD
A

 is
 6

E-
04

 in
 th

e 
ye

ar
 2

27
8.

 T
ha

t m
ea

ns
 si

x 
pe

op
le

 in
 1

0,
00

0 
m

ig
ht

 (r
em

em
be

r, 
ris

k 
is

 e
xp

re
ss

ed
 a

s a
 p

ro
ba

bi
lit

y)
 

de
ve

lo
p 

ca
nc

er
 if

 n
ot

hi
ng

 is
 d

on
e.

 T
he

 ri
sk

 is
 lo

w
er

 b
ef

or
e 

th
e 

pe
ak

 in
 2

27
8 

an
d 

di
m

in
is

he
s 

af
te

r 2
27

8,
 a

cc
or

di
ng

 to
 th

e 
m

od
el

. T
ho

ug
h 

on
ly

 p
ar

t o
f t

he
 id

en
tif

ie
d 

ris
k 

is
 a

ttr
ib

ut
ab

le
 to

 C
-1

4 
fr

om
 b

er
yl

liu
m

, t
he

 b
er

yl
liu

m
 w

as
te

 fo
rm

 is
 re

le
as

in
g 

co
nt

am
in

an
ts

 m
or

e 
ra

pi
dl

y 
th

an
 o

th
er
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D
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e 
C
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m

en
te

r 
A

ff
ili

at
io

n 
C

om
m

en
t #

 
C

om
m

en
t 

R
es

po
ns

e 
R

em
ov

al
 a

ct
io

n,
 is

 6
E-

4.
 Y

et
 th

e 
FF

A
/C

O
 

ag
en

ci
es

 h
av

e 
so

m
et

im
es

 d
ec

lin
ed

 to
 c

on
du

ct
 

ac
tiv

e 
re

m
ed

ia
tio

n 
at

 ri
sk

 le
ve

ls
 m

ar
gi

na
lly

 
lo

w
er

 th
an

 th
is

, a
bo

ut
 1

E-
4.

 T
he

 E
E/

C
A

 st
at

es
 

th
e 

re
su

lts
 o

f t
he

 R
em

ov
al

 w
ill

 re
du

ce
 ri

sk
, b

ut
 

th
at

 a
 fi

na
l r

em
ed

ia
tio

n 
w

ill
 st

ill
 b

e 
re

qu
ire

d.
 

Th
is

 in
di

ca
te

s t
he

 ri
sk

 fr
om

 c
ar

bo
n-

14
 a

fte
r t

he
 

R
em

ov
al

 w
ill

 st
ill

 b
e 

ab
ov

e 
1E

-4
. S

o 
ho

w
 m

uc
h 

ris
k 

re
du

ct
io

n 
w

ill
 b

e 
ac

hi
ev

ed
 fo

r a
n 

ex
pe

nd
itu

re
 o

f s
ev

er
al

 m
ill

io
n 

do
lla

rs
? 

Pl
ea

se
 

cl
ea

rly
 id

en
tif

y 
th

e 
re

du
ct

io
n 

in
 ri

sk
 th

at
 th

is
 

R
em

ov
al

 a
ct

io
n 

w
ill

 a
ch

ie
ve

. P
le

as
e 

st
at

e 
w

hy
 

th
is

 is
 th

e 
be

st
 w

ay
 to

 sp
en

d 
se

ve
ra

l m
ill

io
n 

do
lla

rs
 o

f s
ca

rc
e 

cl
ea

nu
p 

fu
nd

s. 

ac
tiv

at
ed

 m
et

al
s, 

an
d 

m
on

ito
rin

g 
cl

ea
rly

 in
di

ca
te

s t
ha

t t
he

 C
-1

4 
se

en
 in

 th
e 

en
vi

ro
nm

en
t i

s 
co

m
in

g 
fr

om
 b

er
yl

liu
m

 b
lo

ck
s. 

K
no

w
in

g 
it 

is
 a

 se
rio

us
 fu

tu
re

 th
re

at
, t

he
 IN

EE
L 

m
us

t a
ct

 
re

sp
on

si
bl

y 
to

 a
dd

re
ss

 th
is

 p
ro

bl
em

 w
hi

le
 it

 is
 re

la
tiv

el
y 

ea
sy

 to
 fi

x.
 T

ha
t i

s, 
st

op
 th

e 
m

ig
ra

tio
n 

be
fo

re
 C

-1
4 

be
co

m
es

 w
id

es
pr

ea
d.

 O
nc

e 
su

bs
ta

nt
ia

l q
ua

nt
iti

es
 o

f C
-1

4 
ar

e 
in

 th
e 

en
vi

ro
nm

en
t, 

it 
w

ou
ld

 b
e 

ex
tre

m
el

y 
di

ff
ic

ul
t a

nd
 m

uc
h 

m
or

e 
ex

pe
ns

iv
e 

to
 re

m
ed

ia
te

. 
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Pl
ea

se
 st

at
e 

w
hy

 g
ro

ut
in

g 
w

ith
 a

 w
ax

y 
m

at
er

ia
l, 

a 
m

at
er

ia
l f

ul
l o

f c
ar

bo
n,

 is
 e

xp
ec

te
d 

to
 c

on
ta

in
 

ca
rb

on
-1

4.
 W

ha
t i

s t
he

 a
bi

lit
y 

of
 c

ar
bo

n-
14

 to
 

be
 a

bs
or

be
d 

in
to

 th
e 

w
ax

 a
nd

 m
ov

e 
th

ro
ug

h 
it,

 
fin

al
ly

 b
ei

ng
 re

le
as

ed
 to

 th
e 

en
vi

ro
nm

en
t a

fte
r 

al
l?

 W
ha

t p
ro

of
 is

 th
er

e 
th

at
 w

ax
 w

ill
 b

e 
st

ab
le

 
ov

er
 th

e 
th

ou
sa

nd
s o

f y
ea

rs
 th

e 
ca

rb
on

-1
4 

w
ill

 
ta

ke
 to

 d
ec

ay
? 

W
ax

 is
 k

no
w

n 
to

 b
ec

om
e 

br
itt

le
 

an
d 

cr
ac

k 
w

ith
 c

ol
d 

an
d 

ag
e;

 it
 b

ec
om

es
 so

ft 
an

d 
sl

um
ps

 w
ith

 h
ea

t. 
 

(1
) T

he
 so

ur
ce

 o
f C

-1
4 

is
 c

ar
bo

n 
pr

es
en

t i
n 

be
ry

lli
um

 m
et

al
 th

at
 b

ec
am

e 
ac

tiv
at

ed
 w

he
n 

th
e 

be
ry

lli
um

 w
as

 ir
ra

di
at

ed
. T

he
 C

-1
4 

is
 re

le
as

ed
 a

s t
he

 b
er

yl
liu

m
 m

et
al

 c
or

ro
de

s. 
W

at
er

 is
 a

 k
ey

 
in

gr
ed

ie
nt

 in
 th

e 
co

rr
os

io
n 

pr
oc

es
s. 

Th
e 

ap
pr

oa
ch

 is
 to

 u
se

 W
A

X
FI

X
 to

 c
oa

t t
he

 b
er

yl
liu

m
 a

nd
 to

 
fil

l a
ll 

su
rr

ou
nd

in
g 

vo
id

s t
o 

m
in

im
iz

e 
ac

ce
ss

 o
f w

at
er

 to
 b

er
yl

liu
m

, t
he

re
by

 re
du

ci
ng

 th
e 

ra
te

 o
f 

co
rr

os
io

n 
an

d 
th

e 
ra

te
 o

f r
el

ea
se

 o
f C

-1
4.

 B
ec

au
se

 e
nc

ap
su

la
tin

g 
th

e 
bl

oc
ks

 w
ill

 e
ffe

ct
iv

el
y 

st
op

 
co

rr
os

io
n 

by
 k

ee
pi

ng
 w

at
er

 o
ut

, t
he

 ra
te

 o
f t

ra
ns

m
is

si
on

 w
ill

 b
e 

ne
ar

 z
er

o.
 In

 a
dd

iti
on

, s
in

ce
 

W
A

X
FI

X
 is

 a
ls

o 
ca

rb
on

 b
as

ed
, i

f b
y 

so
m

e 
re

m
ot

e 
po

ss
ib

ili
ty

 C
-1

4 
w

ou
ld

 b
e 

ab
so

rb
ed

 in
to

 
W

A
X

FI
X

, i
t w

ou
ld

 re
ad

ily
 d

is
pl

ac
e 

a 
hy

dr
og

en
 a

to
m

 a
nd

 b
in

d 
to

 th
e 

ex
is

tin
g 

ca
rb

on
 c

ha
in

. 
 (2

) R
ad

io
ly

si
s, 

bi
od

eg
ra

da
tio

n,
 a

nd
 te

m
pe

ra
tu

re
 a

ff
ec

t t
he

 lo
ng

-te
rm

 p
er

fo
rm

an
ce

 o
f W

A
X

FI
X

. 
A

 c
om

bi
na

tio
n 

of
 li

te
ra

tu
re

 se
ar

ch
es

, e
xp

er
im

en
ts

, a
nd

 m
od

el
in

g 
is

 b
ei

ng
 u

se
d 

to
 e

st
im

at
e 

th
e 

m
ag

ni
tu

de
 o

f t
he

 ra
di

ol
ys

is
 p

ro
ce

ss
es

 fo
r W

A
X

FI
X

 (E
va

lu
at

io
n 

of
 th

e 
D

ur
ab

ili
ty

 o
f W

A
X

FI
X

 
fo

r S
ub

su
rf

ac
e 

A
pp

lic
at

io
ns

 [I
C

P/
EX

T-
04

-0
03

00
] d

ue
 fo

r p
ub

lic
at

io
n 

in
 Ju

ne
 2

00
4)

. T
he

 in
iti

al
 

re
su

lts
 o

f t
he

se
 e

ff
or

ts
 in

di
ca

te
 th

at
 W

A
X

FI
X

 w
ou

ld
 n

ot
 re

ac
h 

le
ve

ls
 o

f r
ad

ia
tio

n 
th

at
 w

ou
ld

 
ca

us
e 

su
bs

ta
nt

ia
l d

am
ag

e 
(i.

e.
, 1

09  R
 o

r m
or

e)
 fo

r a
 v

er
y 

lo
ng

 ti
m

e,
 i.

e.
, m

an
y 

hu
nd

re
ds

 o
f y

ea
rs

 
or

 lo
ng

er
. A

va
ila

bl
e 

lit
er

at
ur

e 
in

di
ca

te
s t

ha
t p

ar
af

fin
 c

an
 b

e 
bi

od
eg

ra
de

d 
by

 se
ve

ra
l o

rg
an

is
m

s 
un

de
r c

er
ta

in
 c

on
di

tio
ns

. A
qu

eo
us

 so
lu

tio
ns

, n
eu

tra
l p

H
, r

el
at

iv
el

y 
w

ar
m

 te
m

pe
ra

tu
re

s 
(i.

e.
, 2

0 
to

 4
0°

C
), 

th
e 

pr
es

en
ce

 o
f n

ut
rie

nt
s (

ox
yg

en
, n

itr
og

en
, a

nd
 p

ho
sp

ho
ro

us
), 

an
d 

hi
gh

 
su

rf
ac

e-
ar

ea
-to

-v
ol

um
e 

ra
tio

s f
av

or
 b

io
de

gr
ad

at
io

n 
of

 p
ar

af
fin

. H
ow

ev
er

, a
t t

he
 S

D
A

, c
on

di
tio

ns
 

ar
e 

no
t c

on
du

ci
ve

 to
 b

io
de

gr
ad

at
io

n 
of

 p
ar

af
fin

. T
he

 S
D

A
 c

on
di

tio
ns

 in
cl

ud
e 

un
sa

tu
ra

te
d 

co
nd

iti
on

s, 
lo

w
 n

ut
rie

nt
 le

ve
ls

, s
ub

op
tim

al
 te

m
pe

ra
tu

re
s (

4–
15

°C
), 

an
d 

lo
w

 
su

rf
ac

e-
ar

ea
-to

-v
ol

um
e 

ra
tio

s. 
B

io
de

gr
ad

at
io

n 
of

 W
A

X
FI

X
 is

 e
xp

ec
te

d 
to

 b
e 

sl
ow

er
 th

an
 th

at
 

ob
se

rv
ed

 u
nd

er
 o

pt
im

al
 c

on
di

tio
ns

 in
 th

e 
lit

er
at

ur
e.

 T
em

pe
ra

tu
re

 a
ff

ec
ts

 th
e 

co
m

pr
es

si
ve

 st
re

ng
th

 
of

 W
A

X
FI

X
. W

as
te

 is
 lo

ca
te

d 
ab

ou
t 1

 m
 b

el
ow

 th
e 

su
rf

ac
e 

(it
 w

ill
 b

e 
de

ep
er

 o
nc

e 
th

e 
ca

p 
is

 
in

st
al

le
d)

 a
nd

 fo
rm

s a
 la

ye
r 1

–5
 m

 th
ic

k.
 C

om
pr

es
si

ve
 st

re
ng

th
 te

st
in

g 
w

as
 d

on
e 

at
 te

m
pe

ra
tu

re
s 

re
pr

es
en

ta
tiv

e 
of

 th
e 

SD
A

 in
 O

pe
ra

bl
e 

U
ni

t (
O

U
) 7

-1
3/

14
 b

en
ch

-s
ca

le
 te

st
s. 

C
om

pr
es

si
ve

 
st

re
ng

th
 v

al
ue

s f
or

 a
ll 

bu
t o

ne
 sp

ec
im

en
, a

 sp
ec

im
en

 lo
ad

ed
 w

ith
 3

0%
 o

rg
an

ic
s (

no
t r

el
ev

an
t t

o 
be

ry
lli

um
 b

lo
ck

s)
, w

er
e 

ab
ov

e 
th

e 
m

in
im

um
 o

f 0
.4

1 
M

Pa
 (6

0 
ps

i) 
re

co
m

m
en

de
d 

by
 th

e 
N

uc
le

ar
 

R
eg

ul
at

or
y 

C
om

m
is

si
on

 (“
Te

ch
ni

ca
l P

os
iti

on
 o

n 
W

as
te

 F
or

m
,”

 L
ow

-L
ev

el
 W

as
te

 M
an

ag
em

en
t 

B
ra

nc
h,

 N
uc

le
ar

 R
eg

ul
at

or
y 

C
om

m
is

si
on

, R
ev

. 1
, p

p.
 2

0,
 Ja

nu
ar

y 
19

91
). 
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Pl
ea

se
 a

dd
re

ss
 th

e 
ot

he
r h

az
ar

ds
 a

ss
oc

ia
te

d 
w

ith
 

th
e 

bl
oc

ks
. W

ha
t i

s t
he

 c
on

ce
nt

ra
tio

n 
of

 
tra

ns
ur

an
ic

 is
ot

op
es

 in
 th

e 
bl

oc
ks

? 
A

re
 th

e 
bl

oc
ks

 h
az

ar
do

us
 w

as
te

? 
W

ha
t i

s t
he

 d
at

a 
up

on
 

w
hi

ch
 th

es
e 

de
te

rm
in

at
io

ns
 h

av
e 

be
en

 m
ad

e?
 Is

 
th

e 
da

ta
 re

pr
es

en
ta

tiv
e 

of
 a

ll 
of

 th
e 

bl
oc

ks
, o

r 
on

ly
 o

ne
 o

f t
he

 b
lo

ck
s f

ro
m

 A
TR

? 
I h

op
e 

th
e 

D
O

E 
is

 n
ot

 u
si

ng
 th

is
 a

s s
m

ok
e-

sc
re

en
 to

 
pe

rm
an

en
tly

 d
is

po
se

 o
f h

ig
h 

co
nc

en
tra

tio
ns

 o
f 

tra
ns

ur
an

ic
 is

ot
op

es
. 

Fo
r d

et
ai

le
d 

in
fo

rm
at

io
n 

on
 th

is
 su

bj
ec

t, 
pl

ea
se

 se
e 

Be
ry

lli
um

 W
as

te
 T

ra
ns

ur
an

ic
 In

ve
nt

or
y 

(IN
EE

L/
EX

T-
01

-0
16

78
), 

w
hi

ch
 is

 a
va

ila
bl

e 
in

 th
e 

A
dm

in
is

tra
tiv

e 
R

ec
or

d.
 E

st
im

at
ed

 tr
an

su
ra

ni
c 

co
nc

en
tra

tio
ns

 in
 b

er
yl

liu
m

 b
lo

ck
s a

re
 b

as
ed

 o
n 

sa
m

pl
es

 fr
om

 st
or

ed
 b

er
yl

liu
m

 b
lo

ck
s, 

in
fo

rm
at

io
n 

ab
ou

t i
m

pu
rit

ie
s i

n 
th

e 
be

ry
lli

um
, a

nd
 c

om
pu

te
r m

od
el

in
g.

 F
or

 th
e 

En
gi

ne
er

in
g 

Te
st

 
R

ea
ct

or
 a

nd
 th

e 
A

dv
an

ce
d 

Te
st

 R
ea

ct
or

, e
st

im
at

ed
 tr

an
su

ra
ni

c 
co

nc
en

tra
tio

ns
 ra

ng
e 

fr
om

 
ap

pr
ox

im
at

el
y 

20
0 

to
 4

00
 n

C
i/g

. B
lo

ck
s f

ro
m

 th
e 

M
at

er
ia

ls
 T

es
t R

ea
ct

or
 m

ay
 c

on
ta

in
 tr

an
su

ra
ni

c 
co

nc
en

tra
tio

ns
 a

s h
ig

h 
al

m
os

t a
s 1

,4
00

 n
C

i/g
. C

om
bi

ne
d,

 b
er

yl
liu

m
 b

lo
ck

s c
on

ta
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