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PREFACE
This Decommissioning Plan (DP) was prepared using the guidance in NUREG-1757 (Ref. 17) as
well as other applicable or relevant documents and guidance as identified in the reference section
of this DP. In addition to conducting decommissioning in accordance with U.S. Nuclear
Regulatory Commission (NRC) requirements, Westinghouse is addressing non-radiological
constituents and is in the process of conducting a Remedial Investigation/Feasibility Study
(RI/FS) consistent with the National Contingency Plan (NCP) (Ref. 20). Thus, this DP also has
been prepared so as to be consistent with the RI/FS Work Plan (Ref. 19), the NCP, and related
guidance. The RI/FS Work Plan, which has been reviewed and approved by the Missouri
Department of Natural Resources (MDNR), serves as the overall template for site
characterization.
It should be noted that although Westinghouse is following the NCP process in achieving site
remediation objectives, the Hematite site is not listed or proposed for listing on the National
Priorities List, and the U.S. Environmental Protection Agency (EPA) is not actively involved in
overseeing activities at the site. In addition to NRC oversight over the radiological aspects of the
remediation, MDNR is overseeing implementation of the RI/FS Work Plan.
As part of this DP, Westinghouse has established derived concentration guideline levels
(DCGLs) for soil and groundwater in accordance with NRC guidelines. The soil DCGLs
contained in this document have been derived based on a resident gardener scenario for the entire
site. Westinghouse's objective is to meet the criteria for unrestricted release for the entire site.
The final status survey for the Hematite site will be designed using the guidance contained in
Multi-Agency RadiationSurvey and Site Investigation Manual (MARSSIM) (Ref. 55).
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EXECUTIVE SUMMARY

HEMATITE DECOMMISSIONING PLAN

Westinghouse Electric Company LLC (Westinghouse) is in the process of decommissioning the
Hematite Former Fuel Cycle Facility (Hematite). This site-wide Decommissioning Plan (DP)
and key support documents provide the decommissioning information necessary to support
compliance with the requirements of the License Termination Rule at Title 10 of the Code of
Federal Regulations, Part 20 (10 CFR 20), Subpart E. Key support documents for this DP and
other supplemental documents, which have been submitted separately to the U.S. Nuclear
Regulatory Commission (NRC), are listed in Figure 1-1.
This DP was prepared consistent with guidance in NUREG-1757, Consolidated NMSS
Decommissioning Guidance, Vol. 1-3 (Ref. 17). Westinghouse will perform this radiological
decommissioning in compliance with NRC regulations. Accordingly, this DP is being submitted
to the NRC for review and approval.
Throughout its history, Hematite's primary function was to manufacture uranium metal and
uranium compounds from natural and enriched uranium for use as nuclear fuel. The entire site
covers an area of approximately 228 acres (referred to as the Hematite site in this DP). Licensed
activities were restricted to process buildings and adjacent grounds (referred to as the Hematite
facility in this DP) within an approximately 10-acre central site tract. The land areas outside the
central site tract have no known history of licensed activities.
Systems and equipment removal and above-grade building demolition are not in the scope of this
DP. Contaminated systems and equipment have been removed from facility buildings under the
existing site license (Ref. 18). Westinghouse is seeking a license amendment authorizing
demolition of the above-grade portions of facility buildings.
The scope of this DP includes remediation and final status survey as necessary for surface and
subsurface soil, surface water sediment, and groundwater. Characterization and remediation of
soil and other impacted media will be performed consistent with approved derived concentration
guideline levels (DCGLs).
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Hematite Decommissioning Plan
Key Support Documents
Radiological Characterization Report (Ref. 1)
Derived Concentration Guideline (DCGL) Reports
L

Soil DCGLs (Resident Gardener) (Ref. 2)
Groundwater DCGLs (Ref. 3)

Environmental Report for Site Decommissioning (Ref. 4)
Soil Survey Plan (Ref. 5)
Decommissioning Cost Estimate (Ref. 6)
DP Checklist (Ref. 7)

Supplemental Documents
Id Report (Ref. 8)
Gamma Walkover Survey (Ref. 9)
Historical Site Assessment (Ref. 10)
Surrogate Report (Ref. 11)
Site Specific Soil Parameters (Ref. 12)
Methods for Performing Land Area Surveys at Hematite (Ref. 13)
Evaluation of a 2X2 Inch NaI(TI) and FIDLER Detectors (Ref. 14)
Task Specific Work Plan (Burial Pits) (Ref. 15)
Geophysical Survey at the Hematite Site (Ref. 16)

Figure 1-1 DP Support Documents
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Site and Licensee Information

The Hematite facility of Westinghouse Electric Company LLC is located on a site in Jefferson
County, Missouri, approximately 3/4 mile northeast of the unincorporated town of Hematite,
Missouri and 35 miles south of the city of St. Louis, Missouri.
The name and address of the site licensee are:
Westinghouse Electric Company LLC
Hematite Site
3300 State Road P
Festus, MO 6328
The address of the site is:
Westinghouse Electric Company LLC
Hematite Site
3300 State Road P
Festus, MO 63028
Correspondence pertaining to this license should be addressed to:
Mr. A. Joseph Nardi, License Administrator
Westinghouse Electric Company LLC
P.O. Box 355
Pittsburgh, PA 15230
Phone:
Email:
Fax:
1.2

(412) 374-4652
nardiaj@westinghouse.com
(412) 374-3357
Summary of Licensed Activities

From start of operations in 1956 through 1974, the Hematite facility was used primarily in
support of government contracts that required production of high-enriched uranium (HEU)
products. From 1974 through the plant closure in 2001, the focus changed from government
contracts to commercial fuel production. Specifically, operations included the conversion of
uranium hexafluoride (UF 6) of various uranium-235 (U-235) enrichments to uranium oxide,
uranium carbide, uranium dioxide pellets, and uranium metal.
These products were
manufactured for use by the federal government and government contractors and by commercial
and research reactors regulated by the Atomic Energy Commission (AEC) and its successor, the
NRC. Research and development was also conducted at the plant, as were uranium scrap
recovery processes.
Over the lifetime of the facility, there have been seven owners.
Mallinckrodt Chemical Works, Mallinckrodt Nuclear Corporation, United Nuclear Corporation,
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Gulf United Nuclear Fuels Corporation, and General Atomic Company owned the plant for the
government-focused phase of operations. Combustion Engineering Inc. (CE) and Westinghouse
Electric Company LLC owned the plant during the commercial phase of operations.
1.3

Nature and Extent of Site Radiological Contamination

Based on past site investigations, the principal radionuclides of concern at the site are
technetium-99 (Tc-99), thorium-232 (Th-232), U-234, U-235, and U-238.
Transuranic
radionuclides americium-241 (Am-241), neptunium-237 (Np-237), and plutonium-239 (Pu-239)
are secondary radiological contaminants, because they are likely to be present only in trace
concentrations. A Remedial Investigation (RI) was performed in 2004 under the Remedial
Investigation/Feasibility Study (RI/FS) Work Plan (Ref. 19) consistent with the National
Contingency Plan (NCP) (Ref. 20). Characterization performed as part of the RI measured the
concentrations of the above radionuclides in soil, surface water and sediment, and groundwater.
Characterization data derived from the RI and other prior site investigations are presented in the
HematiteRadiologicalCharacterizationReport (Ref. 1).
Buildings and soil locations within the central site tract contain residual radioactivity in excess of
local background levels. The Site Pond/Creek that borders the central site tract on the southwest
side contains residual radioactivity in sediment and nearby surface soil in excess of local
background levels. Radiological contamination in excess of the DCGLs for groundwater has
been found to be limited to the saturated unconsolidated (overburden) soil within the central site
tract portion of the site. Radiological constituents were not identified at concentrations in excess
of proposed DCGLs in the deeper bedrock aquifers. Land and other surface water features
outside the central site tract have no known history of licensed activities and have no or very low
levels of residual radioactivity in soil or surface water.
1.4

Decommissioning Objective

It is the objective of Westinghouse to decommission the Hematite site in a manner that is
consistent with its license requirements, NRC regulations, and the goals and objectives
established through the NCP process. Through implementation of the approved DP, site areas
are expected to meet the criteria specified by 10 CFR 20, Subpart E, which will allow for the
termination of NRC License No. SNM-33.
1.5

Site-Specific DCGLs

The following sections discuss the site-specific DCGLs that have been derived for the Hematite
site. These include soil DCGLs derived using a resident gardener scenario applicable to the
entire site (Ref. 2) and groundwater DCGLs applicable to the entire site (Ref. 3).
The values for the DCGLs given in the following sections are each based on the 25 mrem/yr
criterion. Thus the resulting dose at the peak year, based on the exposure model utilized, would
be 25 mrem for each radionuclide if the medium was contaminated to the level given in the table.
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It is therefore necessary to use the "sum-of-fractions" rule when a mixture of radionuclides is
present. This necessarily reduces the allowable DCGL values for the radionuclides to allow for
the mixture of radionuclides such that the sum-of-fractions for the radionuclides of concern
present in the medium is less than one.
A final determination has not been made as to the appropriate allocation of the basic NRC
license termination criterion of 25 mrem/yr among the anticipated dose components. At the time
of license termination, two possible dose components are anticipated: 1) residual soil
contamination above natural background levels and 2) radioactive contamination in groundwater.
While the Hematite Soil Survey Plan describes a process to allocate the dose limit among the two
components, specific information is provided only for the soil component. Additional
information was gathered under the RI/FS Work Plan to establish the existing levels of
radiological contamination in groundwater, which will provide the technical basis for the
allocation of that dose component.
In order to implement the dose allocation approach, operational DCGLs will be established and
incorporated into decommissioning procedures. Apportionment of the dose in this manner will
have the effect of reducing the "base-case" DCGLs in the following sections.
1.5.1

Soil DCGLs for the Site Based on the Resident Gardener Scenario

The RESRAD computer code was used to model the site to establish site-specific soil cleanup
criteria or DCGLs. The conceptual model used to describe the site is based on an area of 19
acres (includes the central site tract and some adjacent land) with a contaminated zone thickness
of either 0.15 meters (surface DCGLs) or 2 meters (volumetric DCGLs) thickness. While the
entire site (228 acres) has been designated as "impacted" for purposes of conducting a final
status survey, the majority of the site is not contaminated at levels detectable above normal
background levels. The classification of "impacted" for the final status survey is a conservative
step to assure that detailed measurements will be conducted on all portions of the site whether or
not the characterization data indicated the presence of residual contamination above natural
background levels associated with former site operations.
The resident gardener scenario has been chosen as the realistic model for the Hematite site based
on both current and projected use of the site. The site area outside the central site tract currently
has the following principal features:
* Forested hillsides with little potential for any other use due to the limited soil depth and
topography. Residential development of a portion of this area is possible. This land is not
contaminated and therefore would not result in any radiological pathways to humans due to
former licensed activities regardless of what use is made of the land.
" Flood plain zone in the valley portion of the site that is partially forested and partially used
for raising cattle. It is anticipated that this portion of the site would be returned to either
pasture land or crop production for either human or cattle consumption. Residential
occupancy is not likely because it is in the flood plain. This land is not contaminated and
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therefore would not result in any radiological pathways to humans due to former licensed
activities regardless of what use is made of the land.
" Residential and forested areas of the site outside the process buildings area. Projected use
would be to continue as they are or to possibly return the forested area to either pasture land
or crop production for either human or cattle consumption. This land is not contaminated
and therefore would not result in any radiological pathways to humans due to former licensed
activities regardless of what use is made of the land.
" Small area of the site bounded by the Site Pond, the railroad track, and State Road P. This
area is not significantly impacted. Due to this area's proximity to a residential area, it is
anticipated that the most limiting scenario for this portion of the site is the resident gardener.
The central portion of the site, which includes the central site tract and some adjacent land, has
been modeled using the resident gardener scenario. Radiological contamination of the
groundwater on the site is limited to this portion of the site. As modeled, this portion of the site
covers approximately 19 acres and is located above the flood plain, so it is realistic that
residential use could occur. The model used includes the consumption of groundwater for both
ingestion and irrigation even though this portion of the site is supplied by city water. Although
the model assumes the entire 19 acres is impacted, only a fraction of this area is truly impacted.
Using a residential farmer scenario would imply that the entire dietary intake of a farmer's
family is grown on contaminated soil. Based on conversations with the local resident on site
who raises beef cattle, each cow requires about 4 acres for grazing in this part of the country.
Given the proximity to the town of Hematite and the limited size of the contaminated zone, it is
not realistic to assume that this portion of the site could be used for both farming and cattle
raising.
If the area was returned to dairy farming (its use prior to construction of the facility), then it is
unlikely that all pathways to humans assumed in the residential farmer scenario would be active.
The abundance of fresh surface water would likely preclude the use of groundwater to water the
cows, and only a small portion of the feed required could be grown on the contaminated portion
of the site. The remainder of the feed would be grown on the non-contaminated portion of the
site or purchased. In this case, the milk pathway to humans via the cow would be limited in
comparison to the assumptions used in the residential farmer scenario. Nor is it likely that if the
area was being used for a dairy farm that the area would also be used to grow all the crops
consumed by the farmer, thus limiting that pathway assumed in the resident gardener scenario.
The limiting scenario for the Hematite site is the resident gardener, which results in the direct
consumption by humans of a portion of their dietary needs from plants grown on the site along
with the consumption of groundwater.
The proposed site-specific soil DCGLw values for the radionuclides of concern for the Hematite
site are shown in Table 1-1. "Surface source" DCGLs are applicable to situations where the
residual concentrations, above background, of radionuclides are located in the near surface
(within approximately 0-15 cm) of the final remediated surface. Because the calculations do not
assume the presence of a cover material, which might actually exist, the final remediated surface
DO-04-004, Rev. 3
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will not necessarily correspond to the actual restored surface. "Volumetric source" DCGLs are
applicable to those situations where the thickness of the soil zone containing residual
concentrations, above background, of radionuclides is greater than 15 cm. Such situations will
occur, for example, if excavations are backfilled with soils that contain radionuclides above
background but less than the volumetric source DCGLw values.
Table 1-1 Site-Specific Soil DCGLw Values for Resident Gardener Scenario

Surface Source

Volumetric Source

Radionuclide

DCGLW
(pCi/g)

DCGLw
(pCi/g)

Am-241

160

110

Np-237+D

1.6

0.12

Pu-239

184

121

Tc-99

873

145

Th-232+C

5.5

3.3

U-234

1,922

924

U-235+D

87

50

U-238+D

388

305

D = short-lived decay products
C = entire decay chain (Th-232 assumed to be in equilibrium with Ra-228+D and Th-228+D)

1.5.2

Groundwater DCGLs for the Site

The existing groundwater information establishes that the radionuclides of concern in
groundwater media are the uranium isotopes (U-234, U-235, and U-238) and Tc-99. Sitespecific groundwater DCGLs, for the existing concentrations of radionuclides in groundwater,
have been calculated using a resident gardener scenario for the site (Ref. 3). The groundwater
contamination in the soil overburden is within the central site tract portion of the site and is
associated with known soil contamination. Table 1-2 provides the site-specific groundwater
DCGLs for the Hematite site.
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Table 1-2 Site-Specific Groundwater DCGLw Values for Resident Gardener Scenario

Radionuclide

Groundwater
DCGLw
(Pci/I)

Tc-99

31,336

U-234

166

U-235+D

176

U-238+D

175

D = short-lived decay products

The contribution to future groundwater concentrations from radionuclide concentrations in soil is
accounted for in the derivation of the soil DCGLs (Section 1.5.1). This calculational approach
includes the contribution of both the existing and future concentrations of radionuclides in the
determination of the final dose assessment.
1.6

ALARA Analysis

Because the site objective is to remediate to unrestricted use and to use site-specific dose
modeling to relate concentrations to dose, the results of an ALARA (as low as reasonably
achievable) analysis for soil remediation are known on a generic basis and an analysis is not
necessary. However, because Westinghouse actively promotes the ALARA philosophy, a
simplified analysis for soil remediation has been developed. The analysis, which is provided in
Section 7.0, was completed in the context of NUREG-1757, Vol. 2, Appendix N. The analysis is
based upon release criteria derived from site-specific dose modeling, that is, the DCGLs
referenced in Section 1.5.1.
Additional ALARA analyses will be performed for the remediation of groundwater after plans
for this work are finalized.
1.7

Start and End Dates

Decommissioning activities addressed by this DP are scheduled to start following NRC approval
of this DP. The initial phase of work consists of a final survey of surface soils in the outlying
land areas of the site. This will be followed by remediation and final surveys of the Burial Pits,
soil in the central site tract, and surface water in the central site tract perimeter area. If it is
determined that groundwater remediation is required following a monitoring period after soil
remediation, plans will be developed for implementation. Decommissioning activities, with the
exception of any required groundwater treatment, are projected to be completed approximately
four years after NRC approval of this DP. Periodic schedule updates will be submitted as the
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work progresses. The current decommissioning schedule for the scope of this DP is shown in
Figure 8-1 in Section 8-5.
1.8

Post-Remediation Activities

If required, post-remediation activities, such as groundwater treatment, will be identified in
future submittals to the NRC.
1.9

Amendment to License to Incorporate DP

The licensee is requesting the NRC to amend License No. SNM-33 to incorporate this DP.
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By application dated September 11, 2001, Westinghouse notified the NRC that principal
activities, specifically those related to the manufacture of nuclear reactor fuel utilizing lowenriched uranium (LEU), at the Hematite site had ceased. Westinghouse requested an
amendment to License No. SNM-33 to change the scope of licensed activities to those associated
with decommissioning activities. Amendment 42 to License No. SNM-33 was issued on April
11, 2002 to reduce the possession limits for source and special nuclear material and to change the
scope of authorized activities to the performance of decommissioning activities. Amendment 43
to the license issued on October 17, 2003 further reduced the possession limits to the current
levels shown in Table 2-1.
Table 2-1 Special, Source, and Byproduct Material Under License SNM-33
Item

Material

Chemical and/or

Maximum Amount

Physical Form

A

B
C

Uranium enriched to a
maximum of 5.0 weight
percent in the U-235
isotope
Uranium, enriched to any
enrichment in the U-235
isotope
Uranium (natural or
depleted)

Any
(excluding metal powders)

1,250 kilograms U-235

Any
350 grams U-235
(excluding metal powders)
Any
2,000 kilograms
(excluding metal powders)

D

Cobalt-60

Sealed sources

40 millicuries

E

Cesium-137

Sealed sources

500 millicuries

F

Byproduct material,
including americium-241

Any

400 microcuries

G

Special, source, and
byproduct material

H

Califomium-252
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The above materials are being used as follows:
1. Item A, B and C - possession of this special nuclear material and source material is limited to
those activities necessary to process and package the materials into forms suitable for transfer
to other licensed operations. Receipt of any additional materials in these categories is limited
to that necessary to complete the decommissioning of the site and facilities. Examples of
such receipts would be calibration sources and residual contamination on shipping containers
and packages.
2. Items D and H - for instrument calibration and testing.
3. Item E - for possession only pending transfer to other licensed operations.
4. Item F - for instrument calibration and testing and as residual contamination on shipping
containers and packages.
5. Item G - possession of this residual contamination is limited to the activities associated with
the decommissioning of the site.
Current locations of radionuclide use at the site are inside the central site tract as shown in Figure
3-4.
Table 2-2 is a list of amendments to License No. SNM-33 since its renewal on July 28, 1994.
Table 2-2 List of Amendments to License No. SNM-33
Amend.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Subject
Schedule of the Standby Trust Agreement
Organization changes
Delay in starting 1995 physical inventory
Evaporation Ponds decommissioning
Increase in possession limit
Revised Fundamental Nuclear Material Control (FNMC) Plan
Delay in completion of biennial MC&A assessment
Temporary change of UF 6 sampling procedure
Request for delay in conducting emergency exercise
Branch Technical Positions
Request for R-3 oxide conversion reactor change
Temporary change to UF 6 receipt sampling procedure
Request for validation of criticality calculational method
Transitional Facility Attachment
Increase possession limit
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8/23/95
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1/31/96
4/15/96
6/21/96
7/18/96
11/18/96
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Amend.
No.
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
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Subject

Issued

Temporary change to UF 6 receipt sampling procedure
Organizational changes
Request to update decommissioning plan for Hematite Evaporation Ponds
Revisions of the FNMC Plan
Authorize release of hydrofluoric acid
Changes in Chapter 4, "Nuclear Criticality Safety," of the license application
Extension to certain commitments in the FNMC Plan
Revision to Hematite Emergency Plan
Change of mailing addresses for corporate offices and facility
Request to amend the FNMC Plan
Time extension to report the results of the April 1999 physical inventory
Transfer and amend materials licenses, QA program approval, and COCs
Licensee name change
Temporary change to UF 6 receipt sampling procedure
Physical Security Plan changes
Credit for neutron absorbers contained in fuel pellets
Temporary change to UF 6 receipt sampling procedure
Licensee name change
Licensee name change
Delete certain license and license application commitments
Request for extension to certain commitments in the FNMC Plan
Licensee name change
Request for time extension to conduct SNM physical inventory
Plan for completion of CSPU analyses and DP for Hematite Plant
Organizational changes, name changes
Authorize exemption to fissile materials classification and package standards in
transport
Change possession limits and change authorized activities to decommissioning
activities
Delete Emergency Plan and two license conditions, change possession limits and
authorized activities, approve new Site Manager, and designate a RSO
Change of Site Manager
Update Hematite Site Physical Security Plan and incorporate commitments
Alternate Schedule request for Decommissioning Plan submittals
Chapter 2 license amendment
Rev. 5 of FNMC Plan (PO-MCA-001)
Amendment to Section 3.2 of Chapter 3
SNM-33 License Renewal, continue license beyond the expiration date, Chapter 2,
Revision 1, amend license to replace by name the RSO, and organizational changes
Revisions 6 and 7 of the FNMC Plan (PO-MCA-001)

2/6/97
8/13/97
1/26/98
2/12/98
2/26/98
7/23/98
1/27/99
3/18/99
4/9/99
5/99
6/2/99
6/23/99
8/19/99
10/19/99
12/2/99
12/17/99
2/3/00
3/13/00
7/13/00
8/31/00
1/5/01
4/10/01
5/7/01
5/30,/01
10/15/01
4/15/02
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Throughout its history, Hematite's primary function has been to manufacture uranium metal and
uranium compounds from natural and enriched uranium for use as nuclear fuel. Specifically,
Hematite was primarily used to convert government-owned and -leased UP 6 gas of various U235 enrichments to uranium oxide, uranium carbide, uranium dioxide pellets, and uranium metal.
These products were manufactured for use by the federal government, government contractors,
and commercial and research reactors approved by the AEC. Research and development was
also conducted at the plant, as were uranium scrap recovery processes.
In 1955, Mallinckrodt Chemical Works purchased the parcel of farmland on which the plant sits.
The plant became operational in July of 1956, producing uranium products for use in the U.S.
Navy nuclear fuel program. Mallinckrodt Chemical Works, or the affiliated Mallinckrodt
Nuclear Corporation, operated the facility until approximately May 1961 at which time
ownership was transferred to the United Nuclear Corporation (UNC). UNC provided uranium
products to the federal government.
In 1970, UNC and Gulf Nuclear Corporation entered into a joint venture, forming Gulf United
Nuclear Fuels Corporation (Gulf), which owned and operated the facility until the spring of 1973
when Gulf closed the plant and began decommissioning. In January 1974, Gulf transferred the
property to General Atomic Company. CE purchased the property in May 1974. In 1989, Asea
Brown Boveri (ABB) acquired the stock of CE and began operating the facility. In April 2000,
Westinghouse purchased the nuclear operations of ABB, which included the Hematite facility.
In 2001, Westinghouse announced the shutdown of the facility.
During the period prior to CE's purchase of the site in 1974, government projects dominated the
operations at the site. During this time period, the government owned the national uranium
supply and leased it to facilities as needed. In order to obtain uranium, even for government
projects, a facility had to submit a request for allocation to the AEC, describing the amount and
enrichment of uranium needed. A review of the requests for allocation from 1959 through 1966
(the only such documents located to date) indicates that approximately 7,576 kg of uranium were
requested for use on government-related projects and 1,887 kg of uranium were requested for use
on commercial projects.
Much of the work on behalf of the government at the site was classified, and therefore, specific
details regarding the exact nature of the processes are not known. Generally, the government
work began under Mallinckrodt's supervision and then dominated Hematite production during
the ownership and operation by UNC and Gulf. Examples of government projects during this
time include:
* Production of uranium metal for nuclear submarines and a DIG destroyer reactor
* Supply of specialized uranium oxides for the Army Package Power Reactor
" Supply of high-enriched oxides for a General Atomics gas-cooled reactor in Fort St. Vrain,
Colorado
DO-04-004, Rev. 3
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* Production of high-enriched metal for materials test reactors utilized by the U.S. Navy
* Supply of uranium-beryllium pellets for use in the SL-1 reactor
* Production of high-enriched uranium-zirconia pellets under contract to Bettis Laboratory
* Production of high-enriched oxides for General Atomics for use in the NERVA nuclear
rocket projects
Hematite also contracted directly with the Oak Ridge AEC office and other government
contractors for the recovery of uranium from scrap materials. Scrap recovery projects at
Hematite included the recovery of uranium from scrap generated by a variety of U.S. Navy
projects and CUNO filter scrap generated by the Aircraft Nuclear Propulsion program.
Although the physical design of the plant was modified over the years, certain areas of the plant
were dedicated to particular production processes as well as certain types of work, i.e., lowenrichment processes versus high-enrichment processes. (The layout of the facility buildings is
shown in Figure 3-4.) For example, Building 240 was historically dedicated to the chemical
conversion of uranium into compounds, solutions, and metal. Building 240 was further divided
into areas for high-enrichment and low-enrichment uranium processes-the "Red Room" (area
240-2) contained high-enrichment conversion processes, and the "Green Room" (area 240-3)
contained low-enrichment conversion processes and high-enrichment scrap processing. The Red
Room was specifically used for the reduction of UF 6 to uranium tetrafluoride (UF 4), the
conversion of UF4 to uranium metal, high-enrichment uranium scrap recovery, and other
chemical conversion processes using highly or fully enriched uranium.
Building 255 of the plant is understood to have been used for the fabrication of uranium
compounds into physical shapes. Again, this building was segregated into areas of high
enrichment and low enrichment, with area 255-2 containing the low-enrichment pellet plant and
area 255-3 containing the "Item Plant." The Item Plant work was classified, and products
coming out of the plant were referred to only as "items." Thus, the area received its name as the
Item Plant. The Item Plant was dedicated solely to classified government-related work and
specifically, U.S. Navy fuel production work. The Item Plant was specifically designed to
process uranium dioxide into a U.S. Navy fuel product. Other activities within the Item Plant
included the blending of uranium dioxide (U0 2) with other chemical compounds.
Other areas of the Hematite facility were used for storage and again were separated primarily by
degree of enriched material or product stored. High-enrichment storage areas included Buildings
235, 250, and 252. Also, high-enrichment scrap was held in an outdoor, fenced, 75-ft x 120-ft
area to the south of the plant.
A review has been conducted of those license application and approval documents that are
available on site for the period from the initial issuance of License No. SNM-33 (July 18, 1956)
until 1974 when the license was transferred to CE and the facility converted to the fabrication of
LEU fuel for nuclear power plants. In general, the available records for the early years are
incomplete. Because much work was done on classified projects, the available information is
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limited to generalized statements. In summary, the review identified that, during this period,
Hematite was licensed to possess enriched uranium at enrichments up to fully enriched. The
description of the chemical and physical form of the material possessed is limited to general
statements that include "metals, oxides, and other uranium compounds." Thus, this search did
not produce any information that was not already included in the HistoricalSite Assessment
(HSA) (Ref. 10).
The quantities of special, source, and byproduct material authorized under License No. SNM-33
(Amendment 15, approved November 18, 1996) prior to the termination of nuclear fuel
manufacturing operations in 2002 are listed in Table 2-3. A complete history of special, source,
and byproduct material authorized for use at the site is not available.
Table 2-3 Authorized Material Prior to Plant Shutdown in 2002

Material
Uranium enriched to a
maximum of 5.0 weight
percent in the U-235
isotope
Uranium, enriched to any
enrichment in the U-235

Chemical and/or Physical
Form
Any
(excluding metal powders)

Maximum Amount
20,000 kilograms U-235

Any
(excluding metal powders)

350 grams U-235 *

Any
(excluding metal powders)

50,000 kilograms

isotope

Source material (uranium
and thorium)
Cobalt-60

Sealed sources

40 millicuries

Cesium-137

Sealed sources

500 millicuries

Mixed activation and
fission product calibration

Solid sources

200 microcuries

Sealed sources

4 milligrams

sources including Am-241

Californium-252

• Higher quantities were authorized during earlier periods of nuclear fuel manufacturing operations.

2.3
2.3.1

Previous Decommissioning Activities
Former Evaporation Ponds

The two former filtrate disposal Evaporation Ponds were used for on-site disposal of low-level
contaminants and both high-enrichment and low-enrichment uranium materials. The two ponds
consisted of a primary pond and a larger secondary/overflow pond (Figure 3-4). When
constructed, the ponds were excavated to a depth of approximately 3 ft, and the soil removed was
DO-04-004, Rev. 3
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used to construct a 1½A-ft high berm around each pond. The ponds were then lined with a 6-in.
bed of 3-in. diameter rock, followed by a 4-in. bed of 'A-in. diameter rock. The original size of
the primary pond was 30 ft by 40 ft, and the secondary pond was 30 ft by 85 ft. Twelve feet
separated the two ponds.
The Evaporation Ponds were primarily used for the disposal of low-level liquid wastes
containing insoluble uranium bearing precipitates and other solids. The precipitates and solids
were allowed to settle, and the water evaporated naturally. As additional liquids were added to
the primary pond, the overflow flowed through a pipe into the secondary pond. The ponds were
originally built to receive filtrates from the low-enrichment ammonium diurinate conversion
facility but were later used for the disposal of both high- and low-enrichment recovery waste
liquid. The logs from the Burial Pits also contain a number of entries reflecting disposal of
various materials in the ponds. Examples of such entries include:
*
•
*
"
*
"
"
*
*

Filtered Perclene
Liquid from Sump
TCE from Metal Wash
Filtered Reactor Cleanout
Filtered KOH Solution
Acid Water Cleanup
HC1 Solution
TCE Cleanup
Oil from Vac. Pump

o Mop Water
* TCE and Oil
0 TCE (U Metal Wash)
9 Acetic Acid & H20
0 H20 and Perclene
0 Filtrate
* Nitric Acid Wash Water
0 Pickling Hood Cleanup

Immediately after CE purchased the plant in 1974, use of the ponds was curtailed so as to allow
only disposal of spent potassium hydroxide scrubber solution from the uranium dry recycle
process and liquids from startup testing of the wet recovery process. Use of the ponds was
discontinued altogether in September 1978. Following the discontinued use of the ponds, 700 ft3
of sludge were pumped out of the primary pond in October 1979. The sludge was dried and
shipped to licensed burial during 1982, 1983, and early 1984.
Decommissioning and decontamination efforts on the Evaporation Ponds were undertaken in
1984, as specified and ordered by the NRC in a March 8, 1984 letter (Ref. 21). In response, CE
submitted a decommissioning plan to the NRC by letter dated May 31, 1984 (Ref. 22). The NRC
approved the plan by letter dated October 3, 1984 (Ref. 23). As a result of the 1984
decontamination, approximately 2,800 ft3 of sludge, rock, and dirt were removed from the
primary pond in August 1985. Detailed sampling of the primary pond was performed during the
period of August through October 1986. Additional sampling, following the remediation effort,
determined the average uranium contamination of the soil in the ponds was below' the 250-pCi/g
limit set by the NRC. However, contamination levels in excess of the limit remained.
In a status report dated May 20, 1988 (Ref. 24) to NRC, CE provided further information
concerning the remediation of the ponds. CE reported that core samples from the sides and
bottom of the primary pond were taken and analyzed. The samples revealed an average
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contamination of approximately 60 pCi/g, with one sample as high as 674 pCi/g. Approximately
1,200 ft3 of soil and rock were also removed from the secondary pond during 1987, and detailed
surface soil samples were taken. The average contamination from these 150 samples was 173
pCi/g, and the highest reported level was 745 pCi/g.
During the period of 1991-1992, CE commissioned a contractor to plan and execute a soil and
water study of residual contamination in the ponds. The results of this study were not consistent
with the previous analyses. Rather, in this testing, the near surface soil samples from both ponds
showed higher total uranium activity, and further characterization of this area was required.
On May 4, 1995, a decommissioning plan for the ponds was incorporated by amendment into the
site license. Following additional characterization of the ponds, submittals dated May 30, 1997
and October 22, 1997 revised the decommissioning plan based on the characterization results,
which indicated that the contamination was more extensive than expected.
A status update to the NRC on the ponds dated August 13, 1999 (Ref. 25) indicated that, over the
past four years since the decommissioning plan had been implemented, approximately 6,000 ft3
of additional soil had been removed and disposed. Surveys in 1999 of the pond area indicated an
average concentration of 170 pCi/g. Uranium concentrations of approximately 100 pCi/g were
detected at depths of 10 ft below ground surface, greater than originally assumed. Remediation
efforts in and around the Evaporation Ponds were suspended to investigate other remedial
options.
2.3.2

Red Room, Item Plant, and Related Areas

The Red Room, Item Plant, and related areas were used for high-enriched fuel production
processes from at least the 1950's to the early 1970's. These areas were identified as
contaminated or "hot" areas during the transition of ownership of the plant from General Atomic
Company to CE in 1974. At that time, partial decontamination was undertaken. Specifically,
equipment was removed, duct work and exhaust fans were removed, the floors were scarified,
and the Red Room (Building 240 in Figure 3-4) and Item Plant area (Building 255 in Figure 3-4)
were vacuumed, steam cleaned, and painted. In the Red Room, three inches of concrete were
added to the floor and the roof was removed and supposedly buried on site (Figure 3-4).
Moreover, additional contamination has been identified, as suspected and documented, in the
areas under the Red Room floor and immediately outside the Red Room. These buildings are
described in Section 4.1 of this DP.
2.3.3

Site Creek

In mid-1995, it was determined that the facility sewage treatment plant was having a number of
upsets during routine operations, which resulted in sewage sludge collecting in the Site Creek
(Figure 3-4). The sewage effluent enters the Site Creek directly below the dam, which creates
the Site Pond. The sludge settled out between the dam and the railroad that crosses the site
property.

DO-04-004, Rev. 3

17

April 2006

(ý

Westinghouse

HEMATITE DECOMMISSIONING PLAN

A decision was made to remove the settled material. A back-hoe was used to remove silt to a
depth that varied from 0.5 to 3 ft in the area between the site dam and the railroad tracks. The
removed material was dried and placed into "super sacks," which were shipped to a licensed
disposal facility.
The objective of the remediation was to remove the sewage sludge and contaminated soil so that
the average contamination remaining would be less than 30 pCi/g, with no single sample above
90 pCi/g.
2.3.4

Former Deul's Mountain

During construction of a truck bay for the Building 256 warehouse in 1989, a large area of
potentially contaminated soil was removed and stored along the southeast comer of the fence line
(Figure 3-4). This pile became known as "Deul's Mountain." The volume of the pile was
approximately 1,100 cubic yards. The soil and debris in the pile have been removed down to
ground level for off-site disposal. Characterization data for the pile are provided in Section
14.2.8.
2.3.5

Soil Under Building 253

During the construction of Building 253 (Figure 3-4) in 1988-1989, an area of
contamination was detected adjacent to the Green Room/Red Room in Building 240. Soil
removed from this area until concerns developed about undermining the foundation.
majority of the contamination was removed, but it is likely that additional soil remediation
be required in this area.
2.3.6

soil
was
The
will

Building Systems and Equipment

Removal of systems and components inside contaminated facility buildings has been performed
under the site license. Removal of systems and equipment and subsequent removal of the
buildings will be protective of human health and the environment by addressing releases or
threatened releases into the environment (i.e., by removing radioactive materials from the
facilities) and will facilitate further characterization of soils and structures (e.g., sewer lines).
2.4

Spills

Building 240 is described in Section 4.1 and shown in Figure 3-4. Past operations in this
building included the conversion of HEU using a wet conversion process and wet recovery of
scrap. Effluent streams were piped to the retention ponds for settling and evaporation. The
piping system likely contains HEU. Numerous spills and leaks likely occurred in these areas and
parts of the slab were re-poured in 1974 over some existing contaminated flooring. Additionally,
sub-slab contamination was found during the 1989 construction of Building 253.
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Other spills associated with routine fuel fabrication operations have occurred in the process
buildings. These buildings contained fixed and removable contamination above the release
criteria established in the site license, and fixatives have been applied to the building surfaces in
preparation for demolition.
2.5

Prior On-site Burials

Beginning no later than 1965, and perhaps as early as 1958 or 1959, and continuing at least until
November 1970, on-site burial was used as a means of disposal of contaminated and
uncontaminated materials and wastes at Hematite. From 1965 until 1971, 38 large, unlined pits
were dug northeast of the plant buildings (Figure 3-4). Each pit is approximately 20 ft by 40 ft
and 12 ft deep. These pits were used to dispose of materials and waste generated as a result of
plant operations.
UNC and Gulf maintained detailed logs of burials for the period of July 1965 through November
1970. The entries contain dates, descriptions of the waste buried, the weight of the uranium
measured for that waste, and a cumulative total of the uranium buried in particular pits. Some
entries also list percent enrichment for the uranium.
The logs show a wide variety of wastes being buried in the pits. According to the logbook, the
primary waste types included various solids such as trash, empty bottles, floor tile, rags, drums,
bottles, glass wool, lab glassware, acid insolubles, and filters. Chemical wastes were also
disposed of in the pits including hydrochloric acid, hydrofluoric acid, potassium hydroxide, TCE,
alcohols, oils, and waste water. Some examples of entries include:
0
0
S
0
0
S
S
0
0
0
0
S
0

Tile (Red Room floor)
Contain. 5 gal. Endshake oil
B.D. Chlorotherm
97% Acid H2
R.S. oil
U0 2 Th0 2 Paper Towels
Unknown Oil
R.S. Acid Insoluble
Mixed Acid Residues
MB Rafinate Sample bottles
Bottle unknown organics
Pickling Solution
1 Drum of TCE #930 unknown enr

"
*
"
*
*

*
*
*
"
•
*
*
"

vac. Oil
KOH Insolubles
pentachloride from vaporizer
Used Magnorite
TCE u. metal wash
chlorothene - can cleanup
TCE Rags
Oily rags from Item floor
NbC15 yap. Cleanout
Item 51 Poison equip.
TCE-Oil-Rags
Perclene
press oil

The logbook indicates that the uranium mass of individual items varied from 1 to 44 grams, and
total uranium mass in each pit is estimated to range from 178 grams to 801 grams. This is
considered a high estimate because of the measurement system used. The disposal of material
into the former 10 CFR 20.304 Burial Pits was controlled by procedure that included the logging
of the types and quantities of material disposed in the pits. The measurement system used at the
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time the Burial Pits were filled was only capable of quantifying uranium above about 1 g of U235. As a result, when an item of waste material with no detectable U-235 was placed in a pit, it
was the practice to assign this minimum detectable amount of 1 gram to the item. The 1 gram
value was used as the basis for criticality control and was a conservative measure of mass. The
practice of assigning the 1 gram value for non-detectable U-235 was used up until the mid
1990's when a more sensitive gamma spectroscopy system was installed for the measurement of
trash for the incinerator or off-site disposal.
The actual quantity of U-235 in items with no detectable amount was likely to be less than 1
gram. Out of a total of 28,166 grams of U-235 recorded in the log books, 9,443 grams were
"less than 1 gram" entries. Assuming that the actual value was 50 % of the less than 1 gram
value assigned, then the total quantity of U-235 buried in the pits would be approximately 83
percent of the recorded value. This is a reasonable assumption considering the high dollar or
economic value of uranium and the facility capabilities to recover uranium.
Enrichment measurements or estimates of each item were generally not recorded in the logbook.
Notes in the logbook state that the uranium mass limit for each pit was to be 775 grams.
According to a 1965 interoffice memorandum prepared by United Nuclear Corporation, the
owner and operator of the facility at that time, the maximum amount of radioactivity allowed in
each pit was limited to 50 microcuries. (Note: This memorandum statement is in error as the
allowable quantity in a Burial Pit was 50 millicuries in accordance with the regulations. The
quantities of uranium and thorium allowed in the memorandum are consistent with the 50millicurie value.) The 1965 procedures dictated that the wastes were to be placed in appropriate
containers to reduce the spread of radioactive contaminants in the Burial Pits. Visible
contamination on the external surfaces of the containers and equipment was to be removed.
No records of burials exist prior to July 1965. However, an untitled memorandum has been
located indicating that Burial Pits might have been used as early as 1958 or 1959 and that as
many as three or four pits were used each year prior to 1965. Accordingly, it is estimated that an
additional 20-25 pits might exist for which there are no records. There is information, based on
the recollection of a former plant manager, to indicate that the nature of the material buried in
these other pits was non-contaminated trash that otherwise would have been sent to a landfill.
Interviews from former plant employees indicate that these pits are located next to the process
buildings between the process buildings and the known pit area.
On-site burial of radioactive material was terminated in November of 1970 as a result of an AEC
citation issued for failure to adhere to AEC regulations concerning the quantity of material that
could be buried on site. It appears, however, that Gulf did not cover the final pit until 1974,
when it sold the property. The pits have not been disturbed since Gulf ended on-site burial
activity.
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3.0

FACILITY DESCRIPTION

3.1

Site Location and Description

The Hematite facility is located on a site of about 228 acres in Jefferson County, Missouri,
approximately 3/4 mile northeast of the unincorporated town of Hematite, Missouri and 35 miles
south of the city of St. Louis, Missouri. A map showing the general location of the site is
presented in Figure 3-1. The area within a 5-mile radius of the site is presented in Figure 3-2.
Jefferson County is predominately rural and characterized by rolling hills with many sizable
woodland tracts. The land area is classified as 51% forest, 33% agricultural with crops such as
grain and hay, and approximately 16% urban, suburban, commercial, and unused or
undeveloped. Although extensive development in the county has resulted from urban growth
around St. Louis, agricultural land use is still predominant in the site's environs. Some areas,
generally ½2 to 5 miles from the site, have been developed as small- to moderate-sized
subdivisions.
The site is situated between hills to the northwest and a terrace/flood plain of Joachim Creek,
located along the southeast site boundary. Activities with special nuclear materials were
conducted within an approximately 10-acre central site tract adjacent to the site access road,
State Road P. The central site tract is developed with buildings, infrastructure, and maintained
landscaping. The remaining property is woods and farmland, with no documented evidence of
historic operations by Westinghouse or previous owners. The current site boundaries and the
central site tract are depicted in Figure 3-3, and a facility map with building locations and other
infrastructure features is included as Figure 3-4.
Three private residences are located on the site property. The nearest residence is located
approximately 0.4 mi. northeast of the Hematite facility on the south side of State Route P (see
Figure 3-3). This residence is currently occupied. The two other residences are located adjacent
to each other on the same piece of property, approximately 0.5 mi. from the facility on the north
side of State Route P. Only one of these two residences is currently occupied. The residences
are leased to family members of the original owner of this residential property.
An active railroad line runs across the site southeast of the central site tract. The highest
elevation on the site is approximately 560 ft above mean sea level. The site topography drops to
approximately 412 ft above mean sea level (AMSL) along the banks of Joachim Creek.
Topographic contours around the site are shown in Figure 3-5.
Figure 3-3 illustrates several surface water features present on or in close proximity to the site.
These features are described in Section 3.6 of this DP.
The area immediately surrounding the site is primarily woods, farmland, and suburban
residential. Groundwater is widely used within four miles of the site as the primary source of
household water. According to Water Resources Report 30, 1974 (Ref. 26), domestic and
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industrial water wells in the vicinity produce water from the Powell-Gasconade aquifer group,
which includes the Jefferson City Dolomite, the uppermost bedrock unit at the site. Wells in the
area might penetrate the Jefferson City Dolomite if it is present but presumably do not derive
significant quantities of water from it due to its poor storability. According to the Missouri
Department of Natural Resources (MDNR) Well Information Management System (Ref. 27), as
of April 2004, there were 763 wells within a 5-mile radius of the Hematite site. There are 721
private drinking wells, 38 public wells, 4 industrial wells, and no irrigation wells. There were 29
wells within 0 to 1 mile of the site, 111 wells within 1 to 2 miles, 112 wells within 2 to 3 miles,
231 wells within 3 to 4 miles, and 280 wells within 4 to 5 miles. Not all wells in Missouri are
registered with the state. There might be wells in existence near the site that are not documented
by the state.
The current on-site private residence located on the south side of State Road P has been supplied
by the Public Water Supply District (PWSD) No.5 since November 2005. The two on-site
residences on the north side of State Road P obtain drinking water from a single private well. As
part of a previous removal action related to migration of groundwater contaminated with volatile
organic compounds, twenty-three private residences situated southeast of the site were connected
to PWSD No. 5 in 2003 and 2004 and the associated private drinking water wells were
abandoned in accordance with Missouri law (Ref. 28).
According to a U.S. Environmental Protection Agency (EPA) field investigation report,
"Preliminary Assessment, Hematite Radioactive Site, Hematite, Jefferson County, Missouri,"
1990 (Ref. 29), most of the residents in the community of Hematite and nearby Lake Virginia
receive their drinking water from PWSD No. 5. Previous reports also state that surface water is
not used for drinking within a 4-mile radius of the Hematite site (Ref. 19). PWSD No. 5
operates five public wells located in the Desoto and Festus quadrangles. Residents in Mapaville
receive their public drinking water supply from PWSD No. 7. Eight public wells service
customers in Mapaville, Festus, Hillsboro, and Pevely (approximately 9 miles northeast of the
site). The wells are located in the Festus and Desoto quadrangles. The nearest active public well
(Well #3) to the Hematite site is located approximately 2 miles south/southeast of the site on
Carron Road. There is a standby public well (Well #5) located approximately /4 mile from the
site in the Lake Virginia subdivision. This standby well is currently not in use.
There is a Head Start pre-school in the community of Hematite. A county school for
handicapped children is located in Mapaville. There is a high school/middle school/elementary
school complex in Festus.
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Figure 3-1 General Location of the Hematite Site
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3.2

Population Distribution

Several towns and unincorporated settlements are wholly or partly within a 5-mile radius of the
Hematite site. Hematite is the closest settlement and is a bedroom community of about 125
people. Festus and Crystal City, located 3.5 miles east of the site and having a combined
population of about 13,900 people, are the nearest towns of significant size. They are the
county's second largest incorporated community and include a substantial number of commercial
and retail businesses. The locations of nearby communities are shown in Figure 3-2, and
information on these communities is provided in Table 3-1.
Table 3-1 Communities Within 5 Miles of the Hematite Site
Town or

Direction

Distance from

Settlement

from Plant

Plant (miles)

1990 Census

2000 Census

Crystal City

E

4.5

4,088

4,247

DeSoto

SW

5

5,993

6,375

Festus

E

3.5

8,105

9,660

Hematite

SW

0.5

125

ND

Hillsboro

NW

5

1,625

1,675

Horine

NE

5

1,043

923

Mapaville

N

3.5

100

ND

Olympian Village

S

5

669

669

Victoria

SW

3

100

ND

ND-No Data

The county's average population density is 301 people per square mile based on the total
estimated 2000 census population of 198,099 persons and an area of 657 square miles. Most of
the population is White (193,102), followed by Black or African American (1,354), Asian (708),
American Indian or Alaska Native (577), and other races. The median annual income is
approximately $45,000. Owner-occupied housing units outnumber renter-occupied units by a
ratio of approximately 6 to 1. The average size of an owner-occupied household is 2.81 people,
and the average size of a renter-occupied household is 2.42 people.
Estimates provided by the Missouri Census Data Center indicate the population of Jefferson
County is projected to increase by approximately 31% between 2000 and 2025.
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3.3

Current and Future Land Use
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The current land use in the surrounding area is a mixture of farming, commercial industry, and
suburban residential. Current land use within the site boundary consists of characterization and
decommissioning activities, primarily in the central site tract. Part of the site property outside
the central site tract area is leased to residents and to farmers.
It is anticipated that future uses of the land in and around the site will remain roughly consistent
with its current use, i.e., residential, agricultural, and light industrial.
3.4

Meteorology and Climatology

The Missouri Water Atlas, 1986 (Ref. 30) was referenced to determine local precipitation. The
area receives an average of 38 inches of precipitation per year, with 12 inches of average annual
runoff. The maximum 10-day event expected precipitation is 9 inches in a given 25-year period.
Snowfall has averaged less than 20 inches per winter season since 1930. The three winter
months are the driest, the spring months are normally the wettest, and it is not unusual to have
extended periods (1 to 2 weeks or more) without appreciable rainfall from the middle of the
summer into the fall. Thunderstorms occur on average between 40 to 50 days per year. The U.S
Department
of
Commerce's
National
Climate
Date
Center
website
(www.ncdc.noaa.gov/oa/climate/severeweather/tornadoes.html)
reports an average annual
frequency of 8 strong-violent tornadoes per year for a 45-year period in the state of Missouri.
The probability of a tornado striking the site location is computed as 7.51 x 10 "4, and the
recurrence interval is 1,331 years (Ref. 31).
General climatological characteristics of the site area can be approximated by those of St. Louis,
the location of the nearest U.S. Weather Bureau recording station. The region experiences a
modified continental climate without prolonged periods of extreme cold, extreme heat, or high
humidity. To the south, the warm, moist air comes off the Gulf of Mexico, and to the north,
Canada is a source of cold air masses. The alternate invasion of the region by air masses from
these sources produces a variety of weather conditions, none of which is likely to persist for any
length of time. Winters are brisk but seldom severe. Minimum temperatures remain as cold as
32"F or lower fewer than 20 to 25 days in most years. Summers are warm with a maximum
temperature of 90*F or higher an average of 35 to 40 days per year (Ref. 31).
The Clean Air Act was established to protect the public safety, health, and welfare from the
effects of a variety of air pollutants. National Ambient Air Quality Standards (NAAQS) were
established for sulfur dioxide, particulate matter, carbon monoxide, ozone, nitrogen dioxide, and
lead. Missouri has adopted the federal NAAQS and added hydrogen sulfide and sulfuric acid
emission standards. In order to monitor the attainment of the NAAQS, the EPA has designated
Air Quality Control Regions (AQCR) across the United States. The Hematite site is located in
the Metropolitan St. Louis Interstate AQCR as defined in section 302(0 of the Clean Air Act, 42
U.S.C. 1857h(f) (Ref. 32). This AQCR has been designated by the EPA as an ozone non-
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attainment area, and a portion of Jefferson County, particularly the city of Herculaneum, has
been designated as a lead non-attainment area.
3.5

Geology and Seismology

The regional geology and physiography are described in Sections 3.5.1, 3.5.2, and 3.5.3, while
the site-specific geology is presented in Section 3.5.4.
3.5.1

Regional Geology and Physiography

The Hematite site is located within the Ozarks Plateaus Physiographic Province (Figure 3-6).
The Ozark Plateaus province is a geologic uplift, covering approximately 50,000 square miles
and is bounded to the north by the Missouri River, to the east by the Mississippi River, to the
south by the Arkansas River, and to the west by the Grand and Neosho Rivers. Precambrian
igneous and metamorphic rocks that outcrop at the Saint Francois Mountains (Figure 3-6) form
the basal crust of the entire region and are overlain by Paleozoic sedimentary rocks that range in
thickness from 0 around the periphery of the Saint Francois Mountains to 6,000 ft (Ref. 33).
The Ozark Plateaus consist of three sections: the Springfield Plateau, the Salem Plateau, and the
Boston Mountains. Topography is mostly gently rolling except in the Boston Mountains, along
the escarpments separating the Springfield and Salem Plateaus, and the Saint Francois Range
where it is rugged. Karst features, such as springs, sinkholes, and caves, are common in the
limestones of the Springfield Plateau and abundant in the dolomite bedrock of the Salem Plateau
and Boston Mountains. The Missouri Environmental Geology Atlas (Ref. 34) did not indicate a
significant number of karst features in the vicinity of the Hematite site.
The Hematite site is within the Salem Plateau (Figure 3-6), which is underlain by flat-lying to
gentle northeasterly dipping Cambrian to Lower Ordovician strata that are mostly dolomitic.
The Paleozoic rocks are overlain by unconsolidated surficial deposits of Tertiary to Quaternary
age. Within the Festus quadrangle where Hematite is located (Ref. 35), Ordovician-age Cotter
Dolomite outcrops almost entirely throughout the region (Figure 3-7). The Ordovician- and
Cambrian-age stratigraphic units underlying the Salem Plateau in the vicinity of the Hematite
site include from youngest to oldest (Ref. 33):
* The Cotter Dolomite; the Jefferson City Dolomite; the Roubidoux Formation; the Gasconade
Dolomite, which contains a well-defined basal sandstone member called the Gunter
Sandstone member; the Eminence Dolomite; and the Potosi Dolomite
" The Doe Run Dolomite, the Derby Dolomite, the Davis Formation, the Bonneterre Dolomite,
the Reagan Sandstone, and the Lamotte Sandstone (These units make up the St. Francois
confining unit and the St. Francois aquifer.)
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Numerous fault and fracture zones that exhibit preferential orientations to the northwestsoutheast and northeast-southwest have been mapped in the Ozark Plateaus (Ref. 33 and Ref.
34). The northwest-southeast-trending Eureka-House Springs Fault Complex and the St.
Genevieve fault zones intersect the northeast and southwest tips of Jefferson County,
respectively (Ref. 36). However, these fault zones are several miles away from the Hematite site
and do not appear to have any influence on the geology or hydrogeology of the area.
The southeastern area of Missouri is quite active seismically and also contains a portion of the
New Madrid Fault that caused the "great earthquakes" of 1811 and 1812 (Ref. 31). There were
three quakes of Epicentral Intensity XII Modified Mercalli scale (M.M.) that took place on
December 6, 1811 and January 23 and February 7, 1812 near New Madrid. In 1962, a quake
measuring V (M.M) was recorded in the New Madrid area. A quake with a magnitude of 4-1/2
was recorded in the New Madrid area in 1963. A quake reported as "the strongest in years"
occurred near Caruthersville, Missouri, 150 miles southeast of Hematite, on December 3, 1980.
Figure 3-8 shows the location of mapped faults and folds in the Hematite, Missouri area. Figure
3-9 illustrates measured earthquakes in and near southeast Missouri from roughly 1900 to
present. The closest earthquake to the Hematite site of 3.0 magnitude or greater was centered
roughly 10 miles south/southeast of the site.
Several north-northwesterly trending monoclines are mapped on the Festus and DeSoto
quadrangles (Ref. 35) but nothing in the immediate vicinity of the Hematite site. The first
geologic map prepared for the Crystal City 15' quadrangle (Ref. 37) identified a northeastsouthwest-trending structural feature parallel to Joachim Creek (offset slightly to the south of the
creek) that was termed the Crystal City Anticline. Later mapping by Schmitz (Ref. 38) also
shows this anticline but more nearly coincident with the creek. McCracken (Ref. 36) includes
the Crystal City Anticline in her survey of Missouri's structural features. Whitfield and
Middendorf (Ref. 35) do not include the anticline on their map of the area, although the feature is
still identified in Missouri's recently published geographic information systems-based geologic
atlas (Ref. 34).
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The Jefferson City Formation and the Cotter Formation are described in Martin et. al. (Ref. 39),
as referenced in the RI/FS Work Plan (Ref. 19), as mostly light-brown to medium-brown,
medium to finely crystalline dolomite, and argillaceous dolomite. Chert, which is not abundant,
typically is oolitic, banded, mottled, or sandy. Lithologic succession within the formation is
complex and varies among locations. Because the two formations are difficult to differentiate
without the aid of insoluble residue testing, they are often designated as a combined unit, the
Jefferson City-Cotter Dolomite. These two dolomite units average 400 ft thick statewide and are
bounded beneath by the Roubidoux Formation. Imes and Emmett (Ref. 33) describe the
Roubidoux Formation within the Ozark aquifer system as "...a loosely to well-cemented

sandstone or a sandy to cherty dolostone containing several distinct sandstone bodies."
sedimentary rocks in this area dip gently and uniformly to the northeast.

The

The monitoring wells discussed in this section have alpha-numeric designations. The first two
letters designate the type of well (e.g., bedrock well) or, for temporary wells installed in the
overburden, the location by Area of Concern (AOC). This is followed by the individual well
number, while the last two letters indicate the unit or bedrock formation monitored. For
example, BR-3-JC indicates a bedrock well, number 3, installed in the Jefferson City-Cotter
formation. Letter designations are as follows:
" Well type designations
-

BR

PZ
WS
PW

Bedrock
Piezometer
Water Sample
Private Well

* Designations specific to AOC locations (temporary overburden wells)
-

BP
EP
LF
BD
OA
GS
PL
DM
CB
NB
RR
SW

Burial Pits
Evaporation Ponds
Leach Field
Beneath Buildings
Outdoor & Shallow Surface Areas
Former Gas Station
Natural Gas Pipeline
Deul's Mountain
Cistern/Burn Pit Area
Exploration of Nature & Extent
Red Room Roof Burial Area
Surface Water

* Designation for unit or Formation
-

OB

JC
RB

Overburden
Jefferson City-Cotter Formation
Roubidoux Formation.
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Unconsolidated Deposits

The Festus quadrangle geologic map (Ref. 35) shows Quaternary (Holocene) alluvium and
terrace deposits to be closely associated with Joachim Creek and its tributaries in the vicinity of
Joachim Creek (Figure 3-7). The map also shows that the extent of alluvium and terrace deposits
across Joachim Creek is very limited.
The Holocene alluvium as clay, silt, sand, and gravel chiefly derived from local loess and
colluvium (Ref. 35). Colluvium is described as a mixture of residuum, from fines to cobbles,
and loess that is moving down slope as a result of slope wash and gravity. Colluvium
accumulates at the base of valley slopes and in large valleys washes onto the flood plain,
blending with the alluvium. Terraces typically contain lenticular beds of sand and gravel
interbedded with silt and clay (Ref. 19).
The soil survey for Jefferson County conducted by the U.S. Department of Agriculture (USDA)
indicates the presence of seven soil types within the Hematite site area: (1) the Horsecreek silt
loam directly under the site and monitoring well BR-11 area, (2) the Haymond silt loam
comprising the terrace deposits between the site and Joachim Creek, (3) the Kaintuck fine sandy
loam along the immediate flood plain of Joachim Creek (monitoring wells BR-06, BR-08, and BR10), (4) the Moko-Rock outcrop complex in the vicinity of the Tile Barn, (5) the Freeburg silt loam
in the pasture area of monitoring well BR-05, (6) the Bloomsdale silt loam in the areas of
monitoring wells BR-09 and BR-12, and (7) the Useful silt loam in the area of monitoring well
BR-07 (Ref. 40). Figure 3-10 and Figure 3-11 depict the locations of these monitoring wells.
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Site-Specific Geology

As noted in Section 3.5.1, the Hematite site lies in the northeastern portion of the Salem Plateau.
The Ozark uplift took place in the early Paleozoic during a time associated with deposition of a
thick sequence of strata that included the Roubidoux Formation and Jefferson City-Cotter
Dolomite. As a result of the uplift (locally associated with the St. Francois Mountains to the
south-southwest of the Hematite site, Figure 3-6) and subsequent erosion, these sedimentary
formations both dip gently and thicken in a northeasterly direction. The approximate strike and
dip of the Jefferson City-Cotter strata are N45W and 2 to 5' northeast, respectively, at points
closest to the Hematite site, as indicated on field copies of the Festus quadrangle used by
Whitfield and Middendorf (Ref. 35) to prepare the most recent geologic map of the area.
However, notations on this map indicate that both the strike and dip of these strata are somewhat
variable in the region.
The topography in the region of the Hematite site is relatively deeply dissected by streams (refer
to Figure 3-5 for a topographic map). Downward cutting of Joachim Creek and other streams in
the area (or their predecessors) was in response to the Ozark uplift. In the immediate vicinity of
the Hematite site, Joachim Creek is at an elevation of approximately 412 ft AMSL and occupies
a relatively narrow valley (approximately 2,000 ft wide) that generally trends east-northeastward.
The valley is bounded both to the north and south by uplands that reach elevations in excess of
600 ft AMSL. A number of intermittent streams are tributaries to Joachim Creek in the area and
also are incised resulting in the distinctive dissected topography characteristic of this region.
These tributaries flow generally southeastward or northwestward from the highlands to their
points of confluence with Joachim Creek.
Figure 3-7 is a portion of the geologic map encompassing the Hematite site (Ref. 35). The
shallowest and most relevant components of the bedrock geology in the vicinity of the site are
dominated by (in descending stratigraphic order) the Cotter Dolomite, Jefferson City Dolomite,
and Roubidoux Formations. Figure 3-7 shows that the upland regions to the north and south of
Joachim Creek are underlain by the Cotter Dolomite. The Jefferson City Dolomite is exposed in
the valley walls of the tributaries to Joachim Creek. The nearest outcropping of the Roubidoux
Formation is in the city of Desoto, Missouri, approximately 6 miles to the southwest of the
Hematite site.
The regional characteristics of the bedrock units are described in Section 3.5.2. Lithologic
descriptions provided in Whitfield and Middendorf (Ref. 35) and examination of core materials
and core logs obtained during the RI and previous investigations indicate that, in the vicinity of
the Hematite site, the Jefferson City-Cotter Dolomite is composed of dolostone and sandy
dolostone with minor interbedded sandstone and cherty intervals. The Roubidoux Formation is
composed of dolostone with chert intervals and relatively common sandstone interbeds. The
Jefferson City Dolomite-Roubidoux Formation contact reportedly occurs approximately 10 to 15
ft above a recognizable sandstone layer in the upper Roubidoux Formation. Although this
sandstone is not always present, many of the bedrock logs from the Hematite site appear to
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confirm its presence. Therefore, this sandstone will be used as a basis for recognizing the
Jefferson City-Roubidoux contact.
The stream valleys in this region are characterized by deposits of alluvium that have their origin
through local erosion in the upland regions and subsequent deposition in the relatively gently
sloping valleys. The valley occupied by Joachim Creek has a zone of alluvium as much as 30 to
35 ft thick underlying and immediately adjacent to the creek that rests on top of the Jefferson
City-Cotter bedrock surface. The soil cover in the upland regions is much thinner, and
observations made at BR-07 (borehole drilled in the upland region southeast of Joachim Creek,
Figure 3-10) indicate a thickness of only several feet.
It is apparent that Joachim Creek has responded to several episodes of uplift in the region
evidenced by several different phases of alluvial deposition. For example, Whitfield and
Middendorf (Ref. 35) mapped a terrace deposit in the valley of Joachim Creek that is found in
discontinuous, narrow strips near the margins of the valley or as small, isolated pockets within
the valley. The Hematite site lies on terrace deposits that extend along the northern boundary of
the Joachim Creek valley.
3.5.4.1 Overburden
The overall thickness of alluvium/terrace deposits underlying the Joachim Creek valley near the
Hematite facility varies from 20 to 35 ft and is comprised primarily of upper fine-grain silts and
clay that overlie coarser-grain material (sands and gravels with some cobbles) near the bedrock
surface. The thickness of the coarse-grain units is highly variable in this region and ranges from
0 to greater than 20 ft.
The details of the local subsurface geology can be described by a series of geologic crosssections based on drilling logs obtained from cores derived from the implementation of the RI, as
well as from a number of logs from earlier investigations (Ref. 41 and Ref. 42). Figure 3-10 and
Figure 3-11 are maps showing the location of borings in the overburden obtained during the RI
investigation. Boring logs were compiled for these locations, and a complete inventory of these
logs is included in Appendix A.
Three cross-sections were assembled to examine the overburden underlying and proximal to the
Hematite facility. The layout of these cross-sections is provided in Figure 3-12. Cross-sections
B-B' and C-C' are oriented approximately parallel to Joachim Creek. Cross-section A-A' is
roughly perpendicular to both B-B' and C-C'. Figure 3-13 is the legend for the geologic units
encountered in both the overburden and bedrock in this investigation.
Cross-section A-A' (Figure 3-14) reveals a bedrock surface that is relatively flat, but slopes
gently toward Joachim Creek. The bedrock surface illustrated in cross-sections B-B' and C-C'
(Figure 3-15 and Figure 3-16, respectively) also is relatively flat with no indication of significant
relief. The density of the borings represented in Figure 3-11 supports this inference.
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The correlation of lithologic units in Figure 3-14, Figure 3-15, and Figure 3-16 focuses on the
distinction between fine-grain and coarse-grain units. Alluvial depositional environments tend to
be rather complex and heterogeneous with numerous examples of abrupt variations in lithologies
from coarse to fine representing the complicated interplay between episodes of erosion and
deposition as the stream channel migrates laterally within its flood plain. Detailed lithologic
correlations can be difficult to make, but the interpretations illustrated in these cross-sections
honor the boring logs and are realistic of what might be found in an alluvial depositional setting.
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One notable feature revealed by cross-section A-A' (Figure 3-14) is the change that occurs at the
terrace-alluvium boundary that is manifested by a thickening of coarse-grain lithologies from
less than 5 ft in the terrace deposits to more than 15 ft in the vicinity of Joachim Creek. The
sediment in this area is associated with the most recent episodes of deposition from the stream.
Underlying the terrace, there is evidence of a variable thickness of coarse-grain materials, but
nowhere are these zones as thick as those found in the alluvium. Examination of core material
indicates that the pebbles and cobbles of the coarse-grain unit are angular to sub-rounded,
suggestive of a local origin and little transportation prior to deposition.
The common occurrence of the coarse-grain material in the lower part of the overburden is
significant because it is relatively permeable and appears to be a principal pathway for
contaminant migration by groundwater in the overburden. The thickness of this zone has been
mapped in the vicinity of the Hematite site based on the core logs available in Appendix A and
from earlier studies (Ref. 41 and Ref. 42) by focusing on the subset of logs that demonstrably
intersected the overburden-bedrock interface. These logs yield a reliable estimate of thickness
for the coarse-grain units.
Figure 3-17 is an isopach map for the coarse-grain material in this area. Although some
interpretation is required in constructing this map, the general configuration of the coarse
deposits appears to define several thick, lenticular zones parallel to the stream that might
represent old channel lag deposits.
Consistent with information in cross-section A-A' (Figure 3-14), the subsurface interface
between the terrace and alluvial deposits appears to be the zone where significant thickening of
sands and gravels occurs near Joachim Creek. In the vicinity of borehole BR-02 (Figure 3-10),
the thickness of the coarse alluvial zone is much less. This area corresponds to the outside of a
meander loop of Joachim Creek, which represents a zone of northward, lateral migration and
erosion. Recent erosion activity associated with Joachim Creek might have removed much of
the coarse-grain material that had been present in this region.
3.5.4.2 Bedrock
Figure 3-18 illustrates the location of three cross-sections that focus on the bedrock underlying
the Hematite site. The cross-sections are presented in Figure 3-19, Figure 3-20, and Figure 3-21.
Overburden detail is purposely omitted, as it is not relevant to a discussion of bedrock. Crosssections D-D' and E-E' are oriented approximately normal to the regional strike (N45W). Crosssection F-F' is oriented approximately strike-parallel.
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The bedrock core logs (Appendix A) obtained during the RI contain few distinctive marker beds
that can be used as an indication of location within the stratigraphic section. However, a thin (5
to 10 ft thick) and apparently laterally continuous sandstone interbed mentioned previously
(Section 3.5.4) appears to represent a unit that has been described as occurring approximately 10
to 15 ft below the top of the Roubidoux Formation. Cross-section D-D' (Figure 3-19) shows a
correlation based on this marker bed. Because of the strike-normal orientation of the crosssection, this bed yields information about the dip of these strata. The dip represented by this
sandstone bed ranges from 1.4 to 2.90 in this cross-section, a value consistent with results from
field mapping of surface outcrops (Ref. 35) and from regional studies of these strata. Note that
boreholes BR-01-RB and BR-04-RB were drilled by Leggette, Brashears and Graham, Inc.
(LBG) (Ref. 42) and contain the interpreted contact between the Jefferson City Dolomite and the
Roubidoux Formation.
Stratigraphic correlation on what is believed to be the same sandstone bed also is illustrated in
cross-section E-E' for boreholes BR-06, BR-03, and BR-10 (Figure 3-10). The location of the
marker bed in BR-03 is based on an evaluation of the core from BR-06 and the conclusion that
the interpreted contact between the Jefferson City Dolomite and Roubidoux Formation in BR-03RB (Ref. 42) appears to be too deep by approximately 50 ft. The original location of the contact
might have been based on the incorrect sandstone bed. Shifting the contact upward by this
amount puts it in association with the sandstone bed illustrated in the cross-section.
The projection of the sandstone marker bed to BR-02 is problematic because the core log for this
borehole shows the presence of only several very thin (- 1 ft thick) sandstone interbeds within 20
ft of the Jefferson City-Roubidoux contact. Assuming that the contact is properly identified,
these thin interbeds are interpreted to be correlative with the more prominent sandstone marker
bed observed in the other boreholes. Therefore, the marker bed is projected to a position
approximately 15 to 20 ft below this contact in BR-02. The resultant apparent dip of the marker
bed in this cross-section is about 30, comparable to that observed in Figure 3-19 and within the
range of measured values provided by Whitfield and Middendorf (Ref. 35).
3.5.4.3 Local StructuralFeatures
Cross-section F-F' is shown in Figure 3-21. Based on a correlation of the same sandstone
marker bed observed in D-D' and E-E', this bed appears to define a subtle warp in the strata, the
axis of which is located close to Joachim Creek. This might be a depositional feature but
probably is not tectonic in origin. The limbs of this warp have an apparent dip on the order of 1
to 2'. As mentioned in Section 3.5.1, older geologic maps showed the Crystal City Anticline
(Ref. 36, Ref. 37, and Ref. 38) passing through this area. More recent maps do not have this
feature (Ref. 35).
The structural interpretation of bedrock for the Hematite site based on cross-sections D-D', E-E',
and F-F' and discussed above can be integrated into a consistent geologic framework for the
area. Figure 3-22 is a cross-section that is coincident with cross-section E-E' and is oriented
approximately perpendicular to the regional geologic strike. In this cross section, however,
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boreholes associated with the RI and earlier studies (Ref, 42) that penetrated the sandstone
marker bed (and, by inference, the Jefferson City-Roubidoux contact) have been included. Each
borehole has been projected into the plane of the cross-section by correcting for the dip associated
with the anticlinal-like structure (cross-section F-F' in Figure 3-21). Therefore, the logs for
boreholes located distant from the cross-section must be moved upward an amount equal to the
distance from the plane multiplied by the tangent of the dip angle of the strata obtained from
Figure 3-21. This process has the effect of unfolding the structure into a planar feature, while
faithfully retaining information about the regional northeasterly dip of bedding (Figure 3-19 and
Figure 3-20). Because of the vertical adjustment of boreholes not lying in the plane of the crosssection, the vertical scale represents relative elevation.
The results of applying these corrections to the vertical orientation of boreholes (Figure 3-22)
demonstrates that the relative location of the sandstone marker bed identified in the cores defines
an inclined plane dipping to the northeast at approximately 2.70.
Information regarding the identification of prominent bedrock fracture sets in outcrop or cores is
limited, although the logs that describe core material obtained during the RI do mention the
presence of fractures when observed. The LBG (Ref. 42) investigation included construction of
boreholes BR-01, BR-02, BR-03, and BR-04. Detailed core descriptions and a number of
geophysical and hydrologic logging studies were associated with borehole construction. LBG
(Ref. 42) reports that the fracture densities for the Jefferson City-Cotter Dolomite and Roubidoux
Formation lie within the ranges of 0.5 to 3.4 and 0.7 to 4 fractures per foot, respectively.
Furthermore, they indicate that fractures, joints, and bedding planes in the Roubidoux core
appear to be widened by dissolution; whereas, it is less apparent in the Jefferson City-Cotter core
material. If such observations are generally true for the Hematite site, they can have an impact
on groundwater flow and contaminant transport. However, data obtained during the RI do not
provide definitive information related to these earlier observations.
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3.6

Surface Water Hydrology

The "Missouri Water Atlas," 1986 was referenced to determine local stream characteristics. The
atlas shows that Joachim Creek, located along the southeast site boundary, is a permanent
flowing stream. There are several other surface water features present on or near the site,
including a spring, intermittent perennial and ephemeral streams, a lake, and ponds. (See Figure
3-3) These features are listed as follows:
" Site Spring flows an estimated 1 to 10 gpm most of the year. The spring is likely a result of
fracture flow in the Jefferson City/Cotter Formation, which receives its source water from the
hills northwest of the site.
* Site Pond is a small concrete dam impoundment southwest of the plant. It receives flow
from the Site Spring. It also receives sanitary discharge and storm water runoff from the
plant area in accordance with the National Pollutant Discharge Elimination System (NPDES)
discharge permit.
" Site Creek is the effluent from below the dam of the Site Pond that receives discharge from
the sanitary and storm water system. It flows through a culvert beneath the railroad track and
joins the effluent from the Lake Virginia drainage basin.
* Lake Virginia/Site Creek Combined Tributary flows east to Joachim Creek. The Lake
Virginia tributary flows from Lake Virginia and through two sewage treatment lagoons prior
to combining with Site Creek tributary.
" Northeast Site Creek flows southeast to the east of the Burial Pits and then east to its
confluence with the effluent of East Lake tributary and then to the Joachim Creek.
" East Lake east of the site is an earth impoundment lake used as a water supply for cattle. It is
reported to never have been used in conjunction with plant operations.
* North Lake is located just outside the northeast site boundary. It is an earth impoundment
lake used as a water supply for cattle.
* North Lake Tributary is the effluent drainage from North Lake and North Tributary. This
tributary crosses the terrace, west of East Lake.
" North Tributary is an intermittent stream west of North Lake.
Quantitative data regarding flow quantity, duration, peak discharge, etc. are not available for all
of these features. However, some observations can be made.
* The Site Spring flows continually.
* The ponds and lake on the site hold water year round. (Flow is measured at the Site Pond
dam and reported quarterly to the MDNR Water Pollution Control Program.)
" Other than Site Creek, the site streams flow intermittently.
" Joachim Creek is perennial. Based on flow gauge information from the U.S. Geological
Survey, the annual mean flow is approximately 132 cubic feet per second (cfs). The seasonal
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mean flows are: 330 cfs (spring), 12 cfs (summer), 16 cfs (fall), and 169 cfs (winter).
Joachim Creek flows into the Mississippi River near Herculaneum, Missouri.
MDNR (Ref. 43) estimated the base flow recession, which is the amount of water that will flow
in a stream after a 30-day rainless period. The base flow recession from 1961 through 1965 on
Joachim Creek is 0.2 ft 3/second. These data indicate that Joachim Creek is a gaining stream, and
therefore, a recipient of shallow groundwater discharge (Ref. 41). This observation is consistent
with the discussion in Section 3.7.2 that indicates that groundwater in the overburden at the
Hematite site migrates from the vicinity of the Hematite facility toward Joachim Creek where it
discharges.
Water levels at surface water gauging stations in Joachim Creek, Site Pond, Site Creek,
Northeast Site Creek, and East Lake were measured monthly from June 2004 through January
2005. Average, minimum, and maximum water levels for this measurement period are shown
Table 3-2.
Table 3-2 Water Levels for Site Streams
Surface Water Elevation"
(ft AMSL)

Gauging Station
Site Pond

Site Pond Creek
Northeast Site Creek
East Lake
Joachim Creek (at
bridge)

Average
424.9

Min

Max

424.7

425.1

423.0
427.6
428.5
412.7

422.7
dry
427.7
412.5

423.6
429.0
429.7
413.2b

I

a Statistics for surface water elevation measurements taken monthly from June 2004 through January 2005.

bwater level at the Joachim Creek gauging station was above the surface water gauge in January 2005. The
maximum water level elevation shown is the highest measured value when the surface water gauge was not
flooded.

The water levels at all the surface water gauging stations exhibited similar seasonal trends, with
water levels decreasing in the summer (July through September 2004) and increasing in the
winter (November through January 2005). Immediately before the measurement event in
January 2005, significant precipitation occurred that resulted in elevated water levels at all the
surface water gauging stations (Joachim Creek was flooded). The surface water data also shows
that the Northeast Site Creek is an intermittent stream, based on observed dry bed conditions in
July, September and October 2004.
Surface water levels were also measured through survey methods at points along Joachim Creek
downstream of the bridge and closer to the Hematite Site. These surface water measurements
were made in conjunction with water level measurements at nearby wells to determine whether

DO-04-004, Rev. 3

58

April 2006

Westinghouse

HEMATITE DECOMMISSIONING PLAN

groundwater discharges into Joachim Creek. These surveyed surface water measurements are
presented and discussed in Section 3.7.2.
There are no public water supply intakes on Joachim Creek. As noted in Section 3.1, most of the
residents in the community of Hematite receive their drinking water from a public water supply
well (in PWSD No. 5) located approximately 2.5 miles south-southeast of the town (near the
intersection of Sunnyside and Carron roads).
There are two water control structures on the site-the Site Pond dam and the East Lake dam.
The Site Pond dam is made of concrete and is approximately 32 ft long, 16 in. wide, and 40 in.
from the footing to the top of the dam. The East Lake has an earthen dam, which is
approximately 175 ft long. There are two lakes within a one mile radius of the site that have
water control structures. North Lake is located northeast of the site and has an earthen dam of
approximately 200 ft in length. Lake Virginia is located southwest of the site and has an earthen
dam structure. With the exception of Lake Virginia (actually a small pond), there are no known
water obstructing barriers within 5 miles upstream of the Hematite site. The drainage channels
for the above structures cross through the site boundaries and empty into Joachim Creek.
Floods that might occur at the site will produce different flood levels depending upon the flow
rate of Joachim Creek. While historical records (maximum observed level of 431 ft above mean
sea level) and analysis by the Federal Emergency Management Agency (FEMA) show that a site
flood is not likely, it is still considered remotely possible. If a flood of larger magnitude (greater
than 432 ft above mean sea level) were to occur, water at the site would rise, but there is not
expected to be any significant water velocity associated with the flooding. The reason for the
minimal water velocity is that the railroad track, which is located between Joachim Creek and the
plant, would serve to isolate the plant area from the main stream flow. Figure 3-23 shows the
100- and 500-year flood boundaries for Joachim Creek.
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The components of the hydrogeologic system near the Hematite site that are relevant to this DP
include the following:
" Overburden-see Section 3.5.4.1
" Jefferson City-Cotter Formation-see Section 3.5.4.2
* Roubidoux Formation-see Section 3.5.4.2
Flow within the overburden generally is from areas of high elevation toward lower elevation,
with local streams being the zone of discharge. Within this general framework, the principal
groundwater flow paths in overburden are dictated by the occurrence of porous and permeable
lithologies such as sands and gravels. For this reason, the basal coarse-grain unit in the
overburden (occurring in both the terrace and alluvial zones, refer to Figure 3-14) is expected to
be an important pathway for groundwater flow and transport of dissolved contaminants.
Surface topography also appears to be a strong driver that influences groundwater flow
directions in the shallow bedrock on the Salem Plateau (see Section 3.5.1). The impact of
topography on flow direction tends to decrease with increasing depth where the influence of
regional flow patterns dominated by major rivers to the north and east is the controlling factor.
In this region of the Salem Plateau, deep groundwater in these formations generally flows to the
northeast (Ref. 33).
3.7.1

Identification of Hydrostratigraphic Units in Bedrock

Before proceeding with construction of potentiometric maps for bedrock or an assessment of
groundwater flow directions, it is important to determine how the screened intervals in the
bedrock wells are related to one another. The goal is to identify the hydrostratigraphic units
(HSUs) present at the site and those wells that intercept each one. The cross-section illustrated in
Figure 3-12 forms the basis for this analysis.
Figure 3-24 is an expansion of Figure 3-22 that includes all bedrock boreholes at the Hematite
site and illustrates the screened intervals in each (or the open intervals for the private wells,
portrayed by dashed lines). Although the wells were labeled as either "Jefferson City (JC)" or
"Roubidoux (RB)," it is apparent that some completion zones probably were not in the
designated formation. The patterned zones delineate three tentatively identified HSUs: Jefferson
City-Cotter, Jefferson City-Roubidoux contact zone, and Roubidoux Formation. These HSUs
were selected based on geology, i.e., they are strata-bound and parallel to the regional dip. The
identification of these HSUs is based on historical and RI data and should be considered as a
working conceptual model that relies on available data.
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Additional insight into the hydrologic properties of these HSUs is available through estimates of
hydraulic conductivity from slug testing conducted during previous investigations (Ref. 44 and
Ref. 42) and as part of the RI. A description of the test method is provided below, and analyses
of the slug test data are in Appendix B. In addition, injection tests were conducted by LBG (Ref.
42), which provided estimates of relative transmissivity.
In situ hydraulic conductivity tests (slug tests) were performed on selected overburden wells
(BR-06-OB, BR-08-OB, BR-0O-OB, NB-73, and NB-84), and on bedrock wells (BR-07-JC, BR08-JC, BR-10-JC, BR-i1-JC, BR-12-JC, PW-06-JC, PW-19-JC, PZ-03, PZ-04, WS-30, WS-31,
BR-01-RB, BR-02-RB, BR-06-RB, BR-07-RB, BR-08-RB, BR-10-RB, BR-12-RB, and PW-06RB) to supplement data from previous investigations. Testing was performed in accordance with
SAIC FTP-376, Aquifer Analysis by Slug Test Method (Ref. 45), and other approved industry
standards. The overburden locations were chosen to provide representative hydraulic
conductivities of the overburden near the facility (terrace deposits) and near Joachim Creek
(flood plain deposits). The bedrock locations were selected to provide representative hydraulic
conductivities of the Jefferson City-Cotter Formation and Roubidoux Formation across the
entire Hematite site.
The slug tests were performed using a standard technique of pressurizing the well casing with air
(a pneumatic slug), which displaces water out of the well thus releasing the pressure, then
monitoring the recovery of the water level in the well. During the slug tests, water levels were
measured using a pressure transducer that was connected to a data logger capable of recording
data every 1 second. The pneumatic slug assembly was positioned on top of the well casing,
gauges zeroed, and relief valves closed. Prior to insertion into the well, the pressure transducer
was programmed with specific well information, and the static water level and total depth were
manually recorded. The transducer was then lowered into the well through the pneumatic slug
assembly to a position approximately 10 to 15 ft below the static water level, and an airtight
fitting was tightened around the transducer cable to seal the connection. Air was introduced into
the well via a small portable air compressor until the desired displacement was achieved. At that
point, the relief valve was opened and the test performed as a "rising head" test. A data logger
was used to record pressure transducer response from the beginning of pressurization through
complete recovery to the static water level. Due to the need to set recording times at such a short
interval (every 1 second), direct observation of the data was not possible in some of the wells
tested. After a period of approximately 5 minutes, the transducer was stopped and the data
reviewed to ensure static conditions had been achieved. Additional tests were run routinely to
provide replicate recovery data for a given well.
Due to the low conductivities experienced in BR-7-JC, a sufficient water displacement using a
pneumatic slug in the well was difficult to achieve. Thus, a traditional "slug" constructed of
PVC pipe was used to create displacement and a "falling head" conductivity test was performed.
Direct reading of the pressure transducer allowed for the correction of an error common to
pneumatic slug testing in aquifers with lower conductivities. In these instances, the transducer
reads the pressure inside the well and not the displacement of the water column. By using the
direct-read function of the transducer, air was continually applied, thus resulting in a "rise" in the
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water level. This was monitored until the level had returned to static. At this time, the relief
valve was opened and a subsequent lowering of the water level occurred, and the levels were
routinely monitored until true static conditions were achieved.
Table 3-3 gives the results of the slug tests. As seen, the Kh values are variable in each
formation but are generally higher in the overburden (3.8 to >155 ft/day) and the Jefferson CityCotter (<0.2 to 103.9 ft/day) than in the Roubidoux Formation (0.8 to >15 ft/day).
LBG (Ref. 42) also reported some additional borehole testing information that is referred to as
"Permeability Test" data. This information is related to the maximum rate of water injection that
could be achieved from isolated 20-ft intervals in boreholes BR-01, BR-02, BR-03, and BR-04
along most of their length. The results are reported in units of "gpm" and are assumed to
represent a qualitative measure of permeability.
Figure 3-25 presents the Kh results on cross-section G-G' (refer to Figure 3-18 for the crosssection location). The injection test results are presented in Figure 3-26, in which each borehole
is represented in its proper orientation relative to the sandstone below the Jefferson CityRoubidoux contact identified in lithologic cross-sections, i.e., Figure 3-19, Figure 3-20, Figure
3-21, Figure 3-22, and Figure 3-24). The vertical blue line segments in Figure 3-26 represent the
location in each borehole of those zones with high injection rates, i.e., apparent transmissivity.
These boreholes were originally drilled into the Gasconade Formation that underlies the
Roubidoux Formation. The injection tests were performed before these boreholes were grouted
back to their current completion depths, which accounts for the length of the test records.
The hydraulic conductivity results in Figure 3-25 and Figure 3-26 are combined in Figure 3-27.
The patterned areas identify those zones with relatively high conductivity and/or transmissivity.
By comparing Figure 3-27 with Figure 3-24, where three HSUs have tentatively been identified,
the following conclusions can be reached:
* There is an upper transmissive zone that lies within the Jefferson City-Cotter HSU and
appears to be most closely associated with those boreholes completed within about 50 ft of
the overburden-Jefferson City-Cotter interface, e.g., PZ-03, PZ-04, WS-31, BR-08-JC, and
BR- 10-JC.
* The Jefferson City-Roubidoux contact zone is a region of variable, but typically low,
transmissivity.
* There is a deeper, second zone of high transmissivity (Roubidoux HSU), defined by the
injection test results of LBG (Ref. 42), that lies immediately below the relatively low
transmissivity Jefferson City-Roubidoux contact zone.
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Table 3-3 Summary of Slug Tests, December 2004
K (ft/s)

K (ftfs)
K (ft/s)
Rep I
Rep I
1.232E-03 1.058E-03
2.268E-03 1.315E-03

Well ID

Formation Test Date Description of Recovery Curve on Log Plot Rep I

BR-08-OB
BR-10-OB

COB
COB

BR-06-OB

COB

NB-73

COB

NB-84

COB

BR-08-JC
BR-10-JC

JC
JC
JC
J%
JC

BR-11-JC
BR-12-JC
PZ-04

12/7/2004 Linear
12/6/2004 Linear

Average

Average K

(ftfsec)

(ftrday)

1.145E-03
1.791E-03

98.9
154.8

12/7/2004 Underdamped sc ilating
12/8/2004 Sighlyurdercamped/Osdlatirg
12114/2004 Linearw/SIghtosollatica

2.449E-04 2.795E-04

2.622E-04

22.7

4.451E-05 4A34E-05

4A43E-05

3.8

12/7/2004 Underdamped/Oscllathg
12/7/2004 Sigt underdamring'Oscilation

1.363E-03 1.042E-03
1.917E-04 2.030E-04

1.203E-03
1.974E-04

12/9/2004
12/9/2004

103.9
17.1

2.045E-06 1.824E-06
3.831E-05 3.548E-05

1.935E-06
3.689E-05

0.2
3.2

4.078E-04 4.108E-04

4.093E-04

35.4

1.982E-05
1267E-04
9.765E-05

<0.2
1.7
10.9
8.4
<0.2

Linear
Linear

12114/2004 Underdamped/Oscilathg

>155

BR-07-JC
PW-19-JC
WS-31
PZ-03
WS-30

JC

JC

12/14/2004 Very sbw respcnse to irtro of slug, did not return to levels before htro of slug ki 4 hous.
12/15/2004 LiUear w/Sign curvature
1.836E-05 2.128E-05
12/15/2004 Linear
1.322E-04 1.211E-04
12/16/2004 LinearwISigh curvature
1.174E-04 7.790E-05
12116/2004 Very sbw response to Irtro of slug, took 1 hour for transducer to drcp 2 nches ater sug

BR-08-RB
BR-10-RB
BR-06-RB

RB
RB
RB

12/7/2004 ai Concave up
12/7/2004 Concave up
12/8/2004 Linear

BR-12-RB
BR-02-RB

RB
RB

JC
JC
JC

K (ftls)
Rep I

12/9/2004 sightlyConcaveup
12/10/2004 Underdamped/scilathg

itro

1.261E-05 1.009E-05
5.950E-06
2.659E-05 3.994E-05 1.129E-05 6.030E-06
1.748E-04

9.550E-06
2.096E-05
1.748E-04

5.329E-06 4.765E-06 2.792E-06 4A40E-06

4.332E-06

0.8
1.8
15.1
0A
>15

BR-01-RB
RB
12/13/2004 Linear
6.024E-06
6.024E-06
0.5
BR-07-RB
RB
12/13/2004 Concave up
too coarse too coarse 1.582E-05
1.582E-05
1A
PW-06-RB
RB
12/13/2004 underdampedO sc ilatkig
>15
* The value set for the under-damped wells corresponds to the maximum measured hydraulic conductivity in the other wells within the same formation. For
example, the maximum K measured in the RB wells is 15 fl/day in BR-06-RB The slug test data was well behaved for this well (monotonically change in water
levels after release of slug). Thus, it is assumed that the lower limit for oscillatory response is 15 fl/day. A similar approach is used for setting the upper limit for
slowly responding wells in very tight formation (e.g., wells in the JC and COB formations).
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Potentiometric Surface

Figure 3-28, Figure 3-29, Figure 3-30, Figure 3-31, and Figure 3-32 illustrate the potentiometric
surfaces for the major HSUs defined in the RI based on water level measurements made during
December 2004. Figure 3-28 shows a number of wells in the immediate vicinity of the Hematite
facility that are completed in the fine-grain sediments in the shallow overburden. These wells
typically are screened from 5 to 15 ft below ground surface (BGS), approximately 10 to 15 ft
above the overburden-bedrock interface. Although the number of data points is not large, it is
apparent that under the main part of the Hematite facility, head elevations are greater than 430 ft
AMSL; whereas, heads are 4 to 10 ft lower further to the east, and all are less than 430 ft AMSL.
The cause of this lateral decline in heads might reflect a shallow flow pathway leading to
discharge into the Northeast Site Creek that flows intermittently through this region.
Alternatively, it is possible that the Burial Pits on the eastern side of the Hematite facility (Figure
3-3) influence shallow groundwater flow. The Burial Pits extend to a depth of about 12 ft (Ref.
41) and are expected to contain relatively more permeable fill material than the native sediments.
It is possible that a hydraulic connection exists between the Burial Pits and the permeable lower
sands and gravels such that shallow groundwater entering the pit area is able to migrate
downward to the deep overburden. Figure 3-28 is similar to the potentiometric surface for the
near surface silt/silty clay (NSSSC) reported by LBG (Ref. 41), which suggests that hydrologic
conditions in this shallow unit have not changed significantly since 1999.
Figure 3-29 is a potentiometric surface map based on those wells completed in the lower part of
the overburden. Many of these wells were installed by direct-push technology (DPT) to the
depth of refusal, and some of them might not have fully penetrated the overburden if large
cobbles were encountered in the coarse material. Nearly all of these wells are screened at a
depth that includes some of the coarse-grain material, but many also incorporate some finer-grain
units in the screened interval. However, the wells appear to be hydraulically connected to the
coarse-grain basal layer. The potentiometric surface defined by these wells in Figure 3-29
clearly defines a southeasterly groundwater flow direction with the trend of the contours roughly
paralleling Joachim Creek. The region of highest hydraulic heads on this map corresponds to the
location of the Hematite facility.
LBG (Ref. 41) also presented a potentiometric map for the deeper silty clay/clay (DSCC), a unit
that lies below the NSSSC and above the coarse-grain material at the base of the overburden.
The map was limited in extent to the immediate vicinity of the Hematite facility. During
fieldwork for the RI, geologists were unable to distinguish this sub-unit in core material. As a
consequence, water level and contaminant data for the DSCC wells of LBG (Ref. 41) and the
deep overburden wells of the RI have been combined. The water level results illustrated in
Figure 3-29 suggest that this approach is valid.
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In Section 3.6, it is noted that Joachim Creek is a gaining stream in the vicinity of the Hematite
facility. Additional information is available that supports this interpretation. As part of the RI,
water levels were measured for Joachim Creek at several points near the facility in association
with water level determinations in neighboring overburden monitoring wells in February 2005.
The results are summarized in Table 3-4 (refer to Figure 3-29 for well locations):
Table 3-4 Joachim Creek and Overburden Monitoring Wells Levels
Location
BR-06-OB
Joachim Creek near BR-06
BR-10-OB
Joachim Creek near BR-10

Water Level (feet AMSL)
409.70
409.71
408.14
407.44

These measurements, coupled with the observed hydraulic gradient in the direction of Joachim
Creek as illustrated in Figure 3-29, suggest discharge from the overburden into the stream.
During periods of flooding of the stream, there might be temporary reversal of flow proximal to
Joachim Creek, but this condition will not persist once the stream water level returns to normal.
Comparison of the hydraulic heads in shallow (Figure 3-28) and deep (Figure 3-29) overburden
underlying the Hematite facility illustrates a downward vertical gradient (details are discussed in
Section 3.7.3). Head differences of 10 ft or more are common in this region. This fact suggests
that the shallow groundwater represents a perched water table. The fact that the hydraulic heads
are highest in the vicinity of the Hematite facility could result from several different
mechanisms. For example, a possible source of increased recharge in this area might be related
to operation of the facility. Leaks in storm water, domestic and process water, and waste transfer
piping could be a factor in these observations. Alternatively, shallow subsurface groundwater
flow from the topographically elevated region northwest of the facility might be important.
Likewise, storm runoff from the adjacent State Road P could contribute to this observation.
The potentiometric surface maps for bedrock are presented as a sequence of separate illustrations
based on the three HSUs previously defined. Figure 3-30 represents the potentiometric surface
for the Jefferson City-Cotter HSU. In general, the potentiometric surface in Figure 3-30 appears
to define a zone of high heads in bedrock under the Hematite facility. The region of high heads
roughly corresponds to similar regions observed in both the shallow and deep overburden wells
(Figure 3-28 and Figure 3-29, respectively) and suggests that the overburden and shallow
Jefferson City-Cotter Dolomite might be hydraulically interconnected.
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There is evidence for declining heads in the direction of Joachim Creek, as defined by wells
close to the Hematite facility, i.e., PZ-04, PZ-03, WS-30, and WS-31, and those located further
toward the southeast, i.e., BR-08, BR-10, and BR-03. These wells are screened in a shallow
zone within approximately 50 ft of the overburden-bedrock interface. Evidence based on
contaminant distributions in the Jefferson City-Cotter Dolomite supports an interpretation of
flow and transport toward the southeast. Other wells to the north of Joachim Creek and lying on
its flood plain, i.e., BR-04, BR-05, BR-09, BR-11, and BR-02, appear to define a
potentiometrically flat surface, suggesting little potential for lateral groundwater flow except in
close proximity to the Hematite facility.
The cluster of wells on the topographically elevated region to the south of Joachim Creek also
appears to define a region of high heads, and contours have been drawn in a way that might
reflect a topographic influence, with heads declining northwestward in the direction of Joachim
Creek. This gradient suggests a zone of groundwater convergence or discharge from the
Jefferson City-Cotter HSU to the overburden near to the location of the creek. This inference is
consistent with the vertical groundwater gradients observed between the overburden and
Jefferson City-Cotter in this area (Section 3.7). However, the water levels measured in PW-19
and PW-06 on December 3, 2004 (Figure 3-30) appear to be low in comparison to their nearest
neighbors and relative to another set of water levels that were obtained less than 2 weeks later.
This latter data set was obtained in association with site-wide groundwater sample collection that
occurred in late December 2004 and early January 2005. The differences between these two data
sets might be associated with slow re-equilibration of water levels in the Jefferson City-Cotter
HSU following conversion of PW-06, PW-16, and PW-19 from open holes to dual completion
wells in mid-November 2004.
There also is uncertainty in attributing water levels observed in PW-05, PW-10, and both Menke
private wells to the Jefferson City-Cotter HSU. These private wells are completed as open holes
(refer to Figure 3-30 for well locations and Figure 3-24 for open depth intervals). The Menke
wells are completed in the Jefferson City-Cotter Dolomite, and the others reach the Jefferson
City-Roubidoux contact zone. It is not possible, given existing information regarding these
private wells, to identify which hydrologic zone intersected by these open boreholes has a
controlling influence on the observed heads. Thus, it is questionable that they are representative
of the Jefferson City-Cotter HSU, as defined by other wells that are isolated within this zone,
e.g., PW-06-JC, PW-16-JC, and PW-19-JC. For that reason, water levels for these wells are not
incorporated into the potentiometric map in Figure 3-30.
Figure 3-31 shows a potentiometric surface for the Jefferson City-Roubidoux contact zone HSU
that differs significantly from that for the Jefferson City-Cotter HSU in Figure 3-30. Borehole
BR-12-JC has a head value that is elevated with respect to the others, but the more dominant
feature is the indication of a significant northeasterly component to the gradient (and to
groundwater flow). As already noted, the regional potentiometric gradient declines towards the
northeast and Figure 3-31 appears to be part of this regional hydraulic regime. As for Figure
3-30, water levels for the open boreholes/private wells to the south of Joachim Creek have not
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been included in drawing the potentiometric surface shown in Figure 3-31, because it is not
possible to determine what HSU controls the water levels.
Water levels were measured in BR-12-RB on December 3, 2004 (427.31 ft AMSL) and again on
December 8, 2004 (417.9 ft AMSL). Well BR-12-RB is the only well that showed this
magnitude of difference between water levels measured only five days apart and a measurement
error is suspected. Other water level measurements in BR-12-RB made during 2005 suggest that
the 417.9 ft AMSL value is more likely to be correct and, consequently, this value is used in
Figure 3-3 1.
Water levels for wells in the Roubidoux HSU (Figure 3-32) define a potentiometric surface
roughly similar to that observed in Figure 3-31 and appear to reflect the regional influences, i.e.,
a northeasterly trending gradient. Artesian conditions in BR-03-RB prevented an accurate
determination of the head on December 3, 2004, and an additional riser was added to the well
before December 9, 2004. The water level in BR-03-RB was re-measured on December 9 as part
of groundwater sampling, and an elevation of 423.1 ft AMSL was obtained.
It is possible to combine information from potentiometric surface maps (Figure 3-28, Figure
3-29, Figure 3-30, Figure 3-31, and Figure 3-32) and slug test results (Table 3-3) to compute
estimates of groundwater flow velocities based on Darcy's Law:
Linear Velocity = - Kh (dh/dl)/p (where p = porosity)

However, one must assume that the two points used to calculate velocity actually lie on a flow
path. Estimates have been made of Darcy flow velocities for a variety of potential flow paths.
The lateral velocity results obtained for overburden range between approximately 20 and 300
ft/yr. Estimated lateral velocity values in bedrock range from 2 to >300 ft/yr. Table 3-5
provides estimated lateral and vertical velocity results for selected well pairs on the Hematite
site. The method used to determine velocity is also identified. The locations of wells listed in
this table can be found in Figure 3-10 and Figure 3-11.
In unconsolidated porous media such as the overburden, there is a reasonable level of confidence
that the potentiometric surface provides a good indication of the direction of groundwater flow
and contaminant transport. In contrast, the relationship between groundwater flow and
contaminant transport and the configuration of the potentiometric surface for bedrock formations
is more difficult to interpret. Groundwater flow directions in fractured media are dependent on
the orientation of transmissive fracture sets. The transmissivity of individual fractures depends
on the interconnectivity of a network of fractures. Lithologic features, such as the presence of
transmissive interbeds, also will influence flow directions.
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Table 3-5 Lateral and Vertical Groundwater Velocities
Well Pair

I

Formation

I

Method Used to Determine Velocity

Velocity

Comments

Lateral Groundwater Velocity
PZ-4 to BR-04-JC

Jefferson City/Cotter

Gradient and slug test K

44 to 379 fl/yr Iligher velocity when using average of slug test

PZ-4 to BR-04-JC

Jefferson City/Cotter

Plume extent

PZ-4 to BR-08-JC

Jefferson City/Cotter

Gradient and slug test K

36 to 65 ft/yr Estimated from plume extent and range of
estimated disposal times (1960 to 1980)
29 to 251 fl/yr Iligher velocity when using average of slug test
K > I ft/day

WS-25 to WS-29

Terrace Deposits

Gradient and slug test K

73 ft/yr

WS-29 to NB-72

Terrace Deposits

Gradient and slug test K

17 ft/yr

NB-72 to BR-03-OB

Alluvial Deposits

Gradient and slug test K

335 ft/yr

BR-12-RB to

Roubidoux

BR-08-RB

K > I fr/day

Gradient and slug test K

2 ft/yr BR-12-RB and BR-08-RB are screened in lower

I

K zone of Roubidoux, low K used accordingly

Vertical Groundwater Velocity from Shallow to Deep Overburden
WS-22 to WS-23

Gradient and K(avg) for shallow OB

0.40 ft/day

WS-17B to WS-32

Gradient and K(avg) for shallow OB

0.89 ft/day

BP-22B to BP-22A

Gradient and K(avg) for shallow OB

0.85 fl/day

WS-24 to WS-25

Gradient and K(avg) for shallow OB

0.07 fl/day

WS-26 to WS-27

Gradient and K(avg) for shallow OB

0.05 fl/day

WS-28 to WS-29

Gradient and K(avg) for shallow OB

0.60 fl/day

NB-57B to NB-57A

Gradient and K(avg) for shallow OB

0.34 fl/day

EP-1 8B to EP-I 8A

Gradient and K(avg) for shallow OB

0.64 ft/day

NB-32B to NB-32A

Gradient and K(avg) for shallow OB

1.1 2 fl/day
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Both the Jefferson City-Cotter Dolomite and the Roubidoux Formation are dominated by
dolostone, although sandstone interbeds are known to occur in the geologic section underlying
this area (see Figure 3-19, Figure 3-20, and Figure 3-21). Groundwater flow in the dolostone
primarily should follow laterally continuous, permeable interbeds, such as sandstone and
fractures, some of which might have been widened by dissolution. The core logs reveal the
presence of the interbeds. The drilling log entries also note that fractures were occasionally
encountered in recovered core, but details about the role of fractures in groundwater flow in the
vicinity of the Hematite site are not available because comprehensive information on fracture
frequency, orientation, and apertures are not available. As noted in Section 3.5.4.2, there is no
information on the dominant fracture sets and their orientation in this region.
Preferential flow in bedrock also might be associated with zones of weathering that widen
fractures and increase permeability. Some parts of the Jefferson City-Cotter Dolomite near the
overburden-bedrock interface in the valley of Joachim Creek might be an example of this
process. Consequently, the potentiometric surfaces for the Jefferson City-Cotter Dolomite and
Roubidoux Formation should be regarded only as providing information on the potential
directions of groundwater flow.
3.7.3

Vertical Head Gradients

Whereas the previous discussion examines the potential for lateral groundwater flow (and
contaminant transport), it is also important to understand the evidence relating to the potential for
vertical groundwater flow at the Hematite site. Figure 3-33, Figure 3-34, and Figure 3-35 present
vertical gradient results between the shallow and deep overburden, the deep overburden and
Jefferson City-Cotter Dolomite, and the Jefferson City-Cotter Dolomite and Roubidoux
Formation, respectively. Note that these gradients were calculated based on water level
measurements made in December 2004. The vertical gradient is defined as follows:
Vertical Gradient = -dh/dZ
=

-(shallow head - deep head)/(vertical separation of monitored zones)
[Note: negative values indicate a downward potential]

Figure 3-33 shows that the vertical gradient between the shallow and deep overburden layers
underlying the Hematite facility is strongly downward, except at WS-26/WS-27 next to
Northeast Site Creek where an upward gradient is observed. The general observation of a
downward head gradient in this area is consistent with the earlier discussion related to Figure
3-28 and Figure 3-29. A region of downward gradients under the Hematite facility also is
observed when water levels in the deep overburden are compared to the Jefferson City-Cotter
Dolomite, as illustrated in Figure 3-34. However, the magnitude of the gradient is less than that
in Figure 3-33. The overburden-Jefferson City-Cotter gradient near Joachim Creek is upward,
which coincides with the interpretation of this region as a zone of groundwater convergence (i.e.,
discharge), as seen on Figure 3-30. As illustrated in Figure 3-35, the gradient between the
Jefferson City and Roubidoux Formation is upward throughout most of the area, except to the
east for wells BR-02 and BR-05 where the gradient is slightly downward.
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Figure 3-33 Hydraulic Gradient Between Shallow and Deep Overburden Wells
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Figure 3-34 Hydraulic Gradient Between Deep Overburden Wells and Jefferson City Wells

LEGEND:
......................

PRIMARY 81ULOINC

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

SITE BOUNDARY

.........

ASPHAL7 ROAD

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

GRAVEL ROAD

.

c 84
0

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

RAILROAD TRACKS
. ............................. FENCE LINE
..................................
.....................................

400

800

1600

------ 3J

STREAM

SCALE: 1" = 800'

POND

HYDRAULIC GRADENT (-dhdz)

NOTE:
T
I ESTIMA
ED AT THISLOCATION
(BR-03).

BETWEN JEFFERSON CITY WELLS
AND ROUBIDOUX WELLS (DEC 04)

WELL
SCREENED IN THE ROUBIDOUX FORMATION
WAS
ARTESIAN;
WATERLEVELASSUMED
TO BE EQIUAL
TO SURFACE ELEVATION.

r

Wefstwouse

1 (9

HEMATITE SITE
FESTUS, MO
U
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Interconnectivity of Geologic Units

It is important to assess the degree of interconnectivity of the main hydrologic units in this area,
because this information will help explain the vertical distribution of contaminants. Figure 3-36,
Figure 3-37, and Figure 3-38 are time-series plots of water levels in selected wells with at least
quarterly measurements that extend over a period of from one to several years. Comparison of
these water level results focuses on the relative shapes of the time-series patterns and not on
absolute values of water level elevations. The data show that for the common period of water
level records (March to December 2004) the overburden and shallow Jefferson City-Cotter HSU
(Figure 3-36) well hydrographs appear to be very similar. In addition, from August 2004 to
August 2005 the hydrographs for BR-04-JC (Jefferson City-Cotter HSU) and BR-08-RB
(Jefferson City-Roubidoux Contact Zone HSU) also mimic one another (Figure 3-37). One
possible explanation for these observations is that these geologic units are hydraulically
interconnected. Alternatively, the similar hydrographs might reflect the fact that the Jefferson
City-Cotter Dolomite outcrops in the vicinity of the Hematite site, and water levels are
responding independently to seasonal changes in precipitation and recharge, i.e., elevated water
levels in winter-spring and lower during the drier summer months. The Jefferson City-Cotter
well shown in Figure 3-37 is BR-04-JC, which is located northeast of the site and completed at a
depth of 100 ft BGS. BR-08-RB is located southeast of the facility and screened at a depth of
approximately 110-150 ft BGS.
Water level data for Roubidoux wells Figure 3-38 (this figure has the same vertical scale as
Figure 3-37) suggest a somewhat different response over time. The most significant difference is
that these wells experienced an overall rapid rise in water levels that appears to have begun in
2003. Head increases of 30 to 40 ft took place by the end of 2004. The magnitude of the
increase appears to increase with increasing distance from the Hematite site, such that BR-02 has
the greatest head rise and BR-01 the least over the same period of time. There are two events
that most likely contributed either individually or in concert with one another to cause this
dramatic rise.
First, in late summer 2003, the city of Festus, located approximately 5 miles to the east of the
Hematite site, brought online a new water-production facility located approximately 1 mile from
the Mississippi River. This "collector" well draws water from the sediments marginal to and
underlying the Mississippi River and now provides nearly all of the water needs for the area.
Startup of this well permitted the city to place its four production wells located on the west side
of Festus, i.e., closer to the Hematite Site, on standby. These wells had been pumping
approximately 1 million gallons per day (gpd) from the lower Roubidoux Formation. Currently,
they are used only during periods of peak demand in mid- to late summer or when the collector
well is off-line. When supplementing production from the collector well, the pumping rate on
these wells is much less than before August 2003.

DO-04-004, Rev.
Rev. 33

83
83

April 2006
April 2006

Overburden and Jefferson City-Cotter Water Level Elevations
435-

430.

I

N

425-

.2

4

/
/

WS-16
WS-17B
-e-- BR-04-JC

---

U)

:

4-

WS-7
---- WS-8
WS-9
"WS-13
--- WS-15
---

'S
/

0

>420w

/

-J
.

415-

A
410-

405
1/1/2002

1/1/2003

1/1/2004

12/31/2004

Date
TIME SERIES PLOT OF WATER LEVELS
INSELECTED OVERBURDEN WELLS

WWinghoush

HEMATITE SITE
FESTUS, MO
I
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Secondly, once contamination was discovered in private wells located southeast of the Hematite
site across Joachim Creek, the local public water supply system was extended to the residents
and wells in this area were shut down (between November 2003 and March 2004). The U. S.
Geological Survey (USGS) reports that in Missouri, self-supplied water usage is approximately
65 gpd/person (http://water.usgs.gzov/pubs/circ/2004/circl268/htdocs/tableO6.html).
Therefore,
the total daily withdrawal of groundwater by the more than 20 families in this area probably was
on the order of 5,000 gpd. Although this amount is much less than for the city of Festus, there
might have been a local impact on drawdown in the Roubidoux Formation until these wells were
shutdown.
Both of these events relieved a source of hydraulic stress to the Roubidoux Formation. The
magnitude of the shutdown of the Festus production wells is regional in scale, while the impact
of the shutdown of the private wells was probably only of local extent.
Further support for the magnitude of regional impact of the Festus production wells comes from
a well located within 1 mile of one of the original Festus production wells that is monitored by
USGS and has continuous water level data over the time period of interest (Ref. 46). This USGS
well is located approximately 3 miles northeast of the Hematite facility, is 1,048 ft deep, and is
completed in the lower Roubidoux/Potosi Formation. Since mid-2003, this well has experienced
a rise in water level of approximately 150 ft.
On July 6, 2005, the city of Festus temporarily resumed pumping three of its deep production
wells. Coincident with this event, the water levels in the USGS monitoring well and wells BR02-RB and BR-03-RB began to decline rapidly. This result adds support to the proposed cause
and effect relationship between large-scale pumping (or shutdown) of the Festus wells and
observed changes in water levels in monitoring wells penetrating into the Roubidoux HSU on the
Hematite site.
In addition to the overall rise in water levels throughout 2004 in Roubidoux HSU wells located
near the Hematite site, comparison of the shapes of the hydrograph trends for Roubidoux,

Jefferson City-Cotter, and overburden wells (Figure 3-36, Figure 3-37, and Figure 3-38) shows
general similarity over the past 1 to 2 years. However, the amplitude of changes in the
Roubidoux water level data appears to be damped in comparison to the other wells. The fine
structure to the water level curves in Figure 3-36, Figure 3-37, and Figure 3-38 appears to be
persistent among wells completed in the three geologic units and, as noted above, probably
represents a response to seasonal changes in the amount of precipitation and recharge. The water
level records are too short to provide a detailed comparison to local precipitation records.
Whereas information discussed earlier in this section suggests hydraulic interconnection between
overburden and at least parts of the Jefferson City-Cotter HSU, deeper bedrock units appear to be
more isolated from one another. The contrast between hydrographs for the Jefferson City-Cotter
and Roubidoux wells since mid-2002 (Figure 3-37 and Figure 3-38) suggests that significant
hydraulic interconnections do not occur between these two geologic units. This observation
supports an interpretation that contamination of the Roubidoux Formation by downward
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migration of groundwater is unlikely. Rebound of water levels of 20 to 40 ft in the Roubidoux
wells (especially BR-04-RB) during this period of time is not reflected to any significant degree
in the hydrograph of BR-04-JC. It is more likely that the superficial similarities of the fine
structure of these hydrographs are related to their response to seasonal precipitation and recharge
factors transmitted to the formations from areas of surface outcrops on a regional scale.
Another example of information supporting the lack of hydraulic interconnectivity between the
Jefferson City-Cotter Dolomite and Roubidoux Formation is illustrated by the results of integrity
testing in wells PW-06, PW-16, and PW-19. Following their shutdown, these private wells were
reconfigured as dual-completion monitoring wells with deep and shallow screened intervals
isolated by a thick grouted zone. In November 2004, the lower intervals in these wells were
pumped at a sustained rate of 2 to 4 gpm for 1 hour, as water levels in the upper zones were
monitored. The purpose of the testing was to confirm the integrity of the grout seal. The
shallow zones in PW-06 and PW- 19 showed no changes in water level during the test. Not only
do these results establish that the grout seal is intact, but they also show that the lower and upper
screened intervals of bedrock are not significant in hydraulic communication. Water levels in
the upper zone at PW-16 rose slightly (1.09 ft) during the pumping of the deep zone, an
observation that is difficult to reconcile with the nature of the testing.
The rebound in water levels observed in the Roubidoux wells in Figure 3-38 is significant for
another important reason. Prior to the shut down of the Festus production wells in 2003 and the
private wells near the Hematite site in 2004, water levels within these Roubidoux wells were 20
to 40 ft lower than results from the most recent measurements made in December 2004. The
potentiometric surface for the Roubidoux Formation (Figure 3-32) and the vertical gradients
between this formation and the Jefferson City-Cotter Dolomite (Figure 3-35) were measured
after a significant period of recovery had occurred and apparently are approaching a new, higher,
static potentiometric level. Had similar data been obtained prior to 2003 for the new wells
shown in these figures, the resultant patterns of head distributions would have been dramatically
different. Specifically, there would have been a strong easterly gradient in the Roubidoux
Formation, i.e., greater drawdown for wells closer to the city of Festus production wells, and the
vertical gradients between the Jefferson City-Cotter Dolomite and Roubidoux Formation would
have been consistently downward rather than upward.
This observation is critically important because groundwater flow and contaminant migration in
the vicinity of the Hematite facility probably occurred over a period of years prior to 2003 during
which hydraulic conditions (at least for the Roubidoux Formation) were very different than
today. The distribution of contamination currently observed in the Roubidoux Formation in the
private wells southeast of the facility appears to be related to the lower heads prevailing in that
formation prior to 2003.
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The primary natural resources occurring at or near the site are agricultural lands, surface water
ponds and streams, and groundwater. There are some wooded areas on and surrounding the site,
but the low quality of the timber makes any major harvesting unlikely.
The surface water features on and near the site are described in Section 3.6. These surface water
features are not used for drinking water, but some are used for watering livestock. Groundwater
is widely used as the primary source of household water.
There are 33 surface mines within 5 miles of the Hematite site. The closest are two limestone
quarries, less than two acres in size, that are approximately 1 mile southwest of the site. The
other mines consist of 1 copper, 11 lead, 2 other limestone, and 17 sandstone quarries. Most of
these lie outside of a 2-mile radius from the site.
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4.0

RADIOLOGICAL STATUS OF FACILITY

Buildings and soil locations within the central site tract contain residual radioactivity in excess of
local background levels. The Site Pond/Creek that borders the central site tract on the southwest
side contains residual radioactivity in sediment and nearby surface soil. Residual radioactivity
has also been found in groundwater in the soil overburden in and around the central site tract.
The bedrock aquifers generally have not shown radiological contamination. Land and other
surface water features outside the central site tract have no known history of licensed activities
and have no or very low levels of residual radioactivity in soil or surface water.
Prior site investigations, such as the HSA and the gamma walkover survey (Ref. 9) described in
Sections 14.2.5 and 14.2.6, respectively, have identified the known and potential locations of
residual contamination in soil, surface water, and groundwater media at the site. During the RI
sampling, which is described in Section 14.2.1, samples were collected from these media in the
known areas of concern and other areas throughout the site to characterize the radiological status.
The results of the RI characterization are summarized in this section for surface soil, subsurface
soil, surface water and sediment, and groundwater. Additional information on individual sample
results and locations can be found in the site characterization report (Ref. 1).
As part of the RI field work, soil samples were collected in off-site, non-impacted reference
areas to establish background concentration levels for uranium, thorium, and other naturally
occurring radionuclides likely present at the Hematite site. Background concentration levels are
summarized in Section 4.3.4.
4.1

Contaminated Structures

Figure 3-4 shows the layout for the facility buildings. A license amendment request has been
submitted to the NRC for the demolition of the above-grade portions of these buildings, which
are described as follows:
" Building 101 - Tile Barn. The Tile Barn was part of the dairy farm that operated on the
property prior to the purchase of the land for the construction of the Hematite facility. The
Tile Barn formerly functioned as the emergency operations center and was used to store both
clean and radioactively contaminated equipment. Building 101 is located outside the security
fence and in close proximity to State Road P. Residual radiological contamination was
detected at low concentrations in this building, and areas that indicated higher than
"background" were removed for disposal.
" Building 110 - Pedestrian Entrance/Office Building. This building was built in 1970 and
serves as the pedestrian entrance into the plant. The building currently has a security station
at the entrance, several offices, a conference room, and a kitchen. No work with radioactive
or chemical compounds is known to have occurred in this building.
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Building 115 - Generator/Fire Pump Building. This building, which is located outside the
security fence, was built in 1990. A diesel-powered emergency generator and a dieselpowered firewater pump were formerly located in this building and have been removed.
There is no evidence that work with radioactive materials was performed in or around this
building.
* Building 120 - Wood Barn. The Wood Barn was also associated with the dairy farm that
operated on the property. Like the Tile Barn, this structure is located outside the security
fence and in close proximity to State Road P. The building was used to store both clean and
contaminated equipment, which has been removed from the building. The Wood Barn has an
earthen floor that contains residual radiological contamination in low concentrations.
* Building 230 - Rod Loading. This building was built in 1992 to receive finished pellets,
which were then loaded into fuel rods and assemblies for shipment off site. No appreciable
amounts of chemicals were used in this building, and contact with fuel pellets was limited to
two small areas. The building is currently being used as office space.
* Building 231 - Warehouse. Building 231, erected in 1996, was used to store shipping
containers. Some radioactive material shipping container refurbishment was performed in
this building.
" Building 235 - West Vault. The West Vault was most recently used to store depleted and
natural uranium. It was historically used to store HEU. The interior of the building was
painted in 1994, and contamination might be present under the paint.
" Building 240 - Recycle Recovery (Red Room, Green Room, Blue Room). This building
contained laboratory and maintenance areas, a recycle recovery area, a waste incinerator
area, and a health physics laboratory. Support operations were conducted for conversion,
pelletizing, and fuel assembly, including material recycle, scrap recovery, cylinder heel
recovery, quality control, analytical laboratory, maintenance, waste consolidation, and
disposal preparation. This building was integral to the historic operations of the facility.
Past operations included the conversion of HEU using a wet conversion process and wet
recovery of scrap. The effluent streams were piped to the retention ponds for settling and
evaporation. The process piping has been removed. Numerous spills and leaks likely
occurred in these areas, and parts of the slab were re-poured in 1974 over some existing
contaminated flooring. Additionally, sub-slab contamination was found during the 1989
construction of Building 253.
Building 240-1 most recently housed the health physics and production laboratories,
lunchroom, and laundry for radiologically contaminated personal protective equipment
(PPE). It historically housed the lunchroom, offices, locker rooms, and laundry.
Building 240-2 (Red Room) was used for recycle and recovery operations. It historically
included high-enrichment powder and metal operations, including recycle and recovery.
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Building 240-3 (Green Room) previously housed an incinerator and associated support
operations. It historically included low-enriched powder operations, including ammonium
diurinate and oxidation/reduction furnaces.
Building 240-4 (Blue Room) previously housed a maintenance shop. It also housed the
production laboratory until 1993 when it was moved to 240-1. It formerly housed lowenriched powder operations.
* Building 245 - Well House. The Well House is a block building attached to a potable water
tank by the double doors into the laundry room. Chlorination of potable water occurred in
the building using sodium hypochlotite (bleach). This building and the attached tank were
connected to a 200,000-gallon gravity tank on the hill across State Road P. The well house
potable water system was disconnected in November 2005, and the Hematite facility was
connected to a local public water supply. The Hematite well was abandoned in accordance
with Missouri law, and the potable water tank was removed for disposal. The Well House
formerly contained a mop water boil-down tank immediately east of the chlorinating tank
with a storm drain under the tank for overflow. The boil-down tank was removed around
1993, and the storm drain was capped with concrete.
"

Building 252 - South Vault. The South Vault was used for storage of low- and highenrichment uranium. It was most recently used for storage of chemicals and low-level
radioactive wastes.

* Building 253 - Offices, Storage, and Mechanical Operations. This building contained
offices, various facility utilities, a uranium storage facility, processing areas, and
decontamination facilities. Within Building 253 is Building 250, which was formerly a
stand-alone structure. In 1958, rooms 250-2 and 250-3 were added to Building 250.
Building 250 became room 250-1 and continued to be used for the storage of uranium
hexafluoride (UF 6 ) cylinders and mechanical operations such as boilers, cooling tower
pumps, and recycle hopper make-up. Building 250-2 was used as a general storage area, and
Building 250-3 was the blending room for low-enriched uranium oxide. Characterization
surveys indicate that building and equipment surfaces are contaminated.
" Building 254 - Pellet Plant. In the pelletizing buildings, granules of U0 2 or uranium oxide
(U30 8) were fed into a mill (micronizer) that produced fine powder for pressing. A starch
and die lubricant were added and blended into a batch and subsequently pressed into pellets.
The "Green" fuel pellets were processed through a de-waxing furnace to remove the additives
and then passed through a sintering furnace where they were made into a ceramic. These
furnaces were electrically heated and used disassociated ammonia to provide a reducing
atmosphere.
" Building 255 - Erbia Plant. The most recent use of this building was for the special product
line making erbium pellets. It was the main pellet plant from 1974 through the opening of
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Building 254 in 1989. This process area included agglomeration, which used cranko and
Freon, instead of the slugging presses, to increase particle size between the
micronization/blending and pellet pressing. Additionally, Building 255-3, the most recent
erbium recycling area, was historically called the Item Plant in which high-enrichment shot
to be used as reactor fuel was sized and coated.
* Building 256 - Pellet Drying and Warehouse. Building 256-1 was used for pellet drying.
Pellet trays were loaded into pans, dried in an electric oven using disassociated ammonia as a
cover gas, and either stored or transferred to Building 230. This structure was originally used
as warehouse space.
Building 256-2 was the main facility warehouse for shipping and receiving pellets and
powder and for receiving facility supplies.
" Building 260 - Oxide and Oxide Loading Dock. The Oxide Building was built in
approximately 1968 and is a four-story Butler-type building. This building was used for the
conversion of uranium hexafluoride (UF6) into U0 2 granules.
* Building 261 - Limestone Building. Building 261 was used for the storage of unused
limestone. Historically, the building contained a limestone storage bin, conveyor system,
preheat furnace, and a heat trace. The contents have been removed from this building.
4.2

Contaminated Systems and Equipment

Contaminated systems and equipment have been removed from facility buildings. This work
was performed under the site license in preparation for building demolition.
4.3
4.3.1

Soil Contamination
Surface Soil Contamination

During the RI, surface soil samples were collected from areas of concern (AOCs) located in the
central site tract and a perimeter/buffer area that surrounds it. Other locations in the central site
tract that indicated elevated levels of gamma radiation during the gamma walkover survey were
also sampled. Surface soil samples were also collected in the outlying land areas of the site to
further investigate the extent of residual contamination. The RI sampling is described in Section
14.2.1.
The soil samples collected during the RI and summarized in the Hematite Radiological
CharacterizationReport for the Burial Pits and Evaporation Ponds were taken with the insight
gained from numerous other studies of these areas as discussed in Sections 14.2.
The proposed survey area classifications, as described in Section 14.4.1, for the central site tract,
including its perimeter area, and outlying land areas are shown in Figure 4-1.
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4.3.1.1 CentralSite Tract andPerimeterArea
Figure 4-2 shows surface soil sampling locations for the AOCs inside the central site tract and
perimeter area. A description of these AOCs and the surface soil sampling performed is
provided as follows:
* Burial Pits - The Burial Pits are described in Section 2.5. Surface soil samples were
collected in a grid spaced across the area believed to contain the Burial Pits. Locations that
indicated elevated levels of gamma radiation during the gamma walkover survey were also
sampled.
* Former Evaporation Ponds - The Evaporation Ponds are described in Section 2.3.1. Surface
soil samples were collected from locations surrounding the ponds. Locations indicating
elevated levels of gamma radiation during the gamma walkover survey were sampled.
" Gas Pipeline - Missouri Natural Gas (MNG), a subsidiary of Laclede Gas in St. Louis,
Missouri, owns and operates a high-pressure natural gas transmission line located on a rightof-way that parallels the railroad track. Surface soil samples were collected from locations
along the gas pipeline to confirm that the pipeline was not acting as a conduit for
contaminant transport.
* Site Pond/Site Creek Area - Surface water features are described in Section 3.6. Surface soil
samples were collected at locations around the Site Pond/Site Creek.
* Former Leach Field - The former Leach Field and septic system were used until 1977 when a
water treatment plant was built and placed into service. Located west of the water treatment
plant and Evaporation Ponds, the leach field and septic system might have been used for
sanitary waste and liquid waste from the operation and maintenance of the facility. Surface
soil samples were collected from locations surrounding the Leach Field.
* Around Buildings - Surface soil samples were taken from locations adjacent to the process
buildings. Locations indicating elevated levels of gamma radiation during the gamma
walkover survey were sampled.
* Limestone Storage and Fill Areas - The Hematite plant used crushed limestone chips in
scrubbers to remove hydrogen fluoride from off-gas streams associated with the UF 6 to U0 2
conversion process. The limestone chips are partially converted to calcium fluoride in the
scrubbers, and the waste limestone chips are referred to as "spent limestone." After removal
from the scrubbers, the spent limestone was tested to determine the level of radioactivity.
Spent limestone was generated from 1968 through 1998, when the limestone scrubbers were
replaced with a more efficient wet absorber system. Currently, spent limestone is stored in
one surface pile within the fenced area of the Hematite Facility. Spent limestone was also
used as fill in at least two areas outside the fenced area, one near the Site Spring and the other
northeast of the Burial Pits. Spent limestone was also used historically as fill for building
and road foundations after sampling to demonstrate that the material was less than 30 pCi/g
alpha.
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During the gamma walkover survey, no indication of elevated gamma radiation was
identified around the spent limestone pile within the fenced area or from the two limestone
fill locations outside the fence. The gamma walkover survey was not performed on the spent
limestone pile within the fence but only along the edges of the pile.
During the RI, samples of spent limestone were collected from locations within each of the
three limestone piles/fill areas. Approximately half of the limestone area samples were
collected at the surface of the area/pile and the other samples were collected at various depths
below the surface of the area/pile. Ten samples from each area were combined to form a
composite sample for each area, yielding three composite samples for laboratory analysis.
Subsequent to the RI and described in Section 14.2.2, additional sampling and analysis of the
limestone surface pile was performed.
" Outdoor and Shallow Surface Areas - Surface soil samples were collected at locations on a
grid pattern. Locations indicating elevated levels of gamma radiation during the gamma
walkover survey were also sampled.
* Red Room Roof Burial Area - The old roof of the Red Room (Building 240) was buried in
an area south of the Tile Barn. The gamma walkover survey identified elevated areas of
contamination south/southwest of the Tile Barn; however, it could not be confirmed that this
was due to the presence of the Red Room roof burial. Surface soil samples were collected
within and adjacent to the suspected burial area based on gamma walkover survey results.
* Former Deul's Mountain - A description of the former Deul's Mountain and prior
characterization efforts is provided in Sections 2.3.4 and 14.2.8. Surface soil samples were
collected at locations based on gamma walkover survey results. This soil pile has been
removed and shipped off site for disposal. Because material that was in this pile was
excavated from several facility areas, the sample results are indicative of soils near the
buildings.
* Cistern Burn Pit - The Cistern Burn Pit located south of the Tile Barn was used historically
to burn contaminated wood and pallets. In early 1993, the cistern was cleaned to less than 30

"

pCi/g uranium. Surface soil samples were collected from one location within the bum pit
based on gamma walkover survey results.
Nature and Extent - Surface soil samples were collected across the entire site (inside and
outside the central site tract) to determine the nature and extent of surface contamination.

A summary of maximum and average surface soil concentrations for the radionuclides of
concern at each of the locations inside the central site tract and perimeter area is provided in
Table 4-1. The ratio of the average concentration of each radionuclide to the average
concentration for U-238 is also shown in the table. The measurement values used to generate the
summary table include values less than the minimum detectable concentration (MDC) and
negative values.
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Table 4-1 Surface Soil Radionuclides and Concentrations in the Central Site Tract and Perimeter Area

Location

Burial Pits

Around
Former
Evaporation
Ponds

Along Gas Pipeline

Around Site

Pond/Creek

DO-04-004, Rev.
Rev. 3
3

Measure

I

Radionuclide Concentrations (pCi/g)
Tc-99

Th-232

U-234

U-235

U-238

Am-241

Np-237

Pu-239/240

Maximum

68.3

36.4

2.22

53.5

53.9

0.566

0.12

0.007

Average

9.7

4.02

2.22

7.13

10.3

0.06

-0.24

0.005

Ratio to U-238

0.94

0.39

0.22

0.69

1.0

0.01

-0.02

0.0005

Maximum
Average

17,100
1,669

3.9

103.0

251.0

698.0

3.12

0.584

0.03

1.4

103.0

50.0

139.6

0.875

-2.44

0.01

Ratio to U-238

11.96

0.01

0.74

0.36

1.0

0.006

-0.02

0.00007

Maximum

37.9

1.35

NA

2.43

8.15

0.071

0.001

0.008

Average

14.1

1.13

NA

0.952

3.85

0.016

-4.35

0.008

Ratio to U-238

3.66

0.29

NA

0.25

1.0

0.004

-1.13

0.002

Maximum
Average

22.3
10.5

1.62
1.26

NA
NA

11.8
3.81

0.014
-0.155

Ratio to U-238

0.94

0.11

NA

0.096
0.009
-2.21
0.009
-0.20_0.000
-0.20
0.0008

_______N_03

98
98

0.34

32.0
11.2
i.0_-0.01
1.0

-0.01

April 2006
April 2006
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Table 4-1 Surface Soil Radionuclides and Concentrations in the Central Site Tract and Perimeter Area (cont.)
Location

Around Former

Measure

Radionuclide Concentrations (pCi/g)

Maximum
Average

12.3
4.53

1.4
0.9

NA
NA

0.585
0.343

2.38
1.39

0.299
0.054

Ratio to U-238

3.26

0.65

NA

0.25

1.0

0.04

-0.96

NA

Maximum

574

1.81

NA

104

432

3.8

0.057

0.008

Average

214

0.797

NA

57.5

215

1.86

-4.4

0.005

Ratio to U-238

1.0

0.004

NA

0.27

1.0

0.009

-0.02

0.00002

Leach Field

Around Buildings

0.126
-1.33

NA
NA

N

______

Limestone Areas

(surface & subsurface

See "Limestone Areas" in Table 4-4 for a summary of the composite sample results.

composites)

Outdoor and Shallow
Surface Areas

Red Room Roof

Maximum
Average

691
52.5

Ratio to U-238

1.80

0.03

0.07

Maximum
Average

14.9
5.61

0.07

1.41
0.863

1.93
1.93

120
5.88

705
29.2

0.98
-0.065

0.135
-1.54

0.014
0.006

0.20

1.0

-0.002

-0.05

0.0002

1.65
1.49

NA
57.9
NA
19.8
A0.10005.03.

248
84.6

0.862
0.431

0.114
0.025

0.0
0.0

0.02

NA

1.0

0.005

0.0003

0.0

______

____________

Burial Areato_-23_007_.0
Ratio to U-238
_____

DO-04-004,
DO-04-004, Rev.
Rev. 33

I

___

.1
__

1

___

1

0.23

1

___

___

99
99

1

___

1

___

1

___

1
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Table 4-1 Surface Soil Radionuclides and Concentrations in the Central Site Tract and Perimeter Area (cont.)
Location

Former Deul's
Mountain Area

Cistern Burn Pit

Nature and Extent

Measure

Radionuclide Concentrations (pCi/g)

Maximum

154

31.6

NA

308

451

2.94

0.05

NA

Average
Ratio to U-238

94.9
0.34

15.8
0.06

NA
NA

273
0.99

276.5
1.0

2.62

0.037

NA

0.009

0.0001

NA

Maximum

5.23

1.26

NA

3.63

18.4

0.162

0.012

0.002

Average

5.19

1.02

NA

3.25

17.0

0.010

-1.58

0.002

Ratio to U-238

0.31

0.06

NA

0.19

1.0

0.0006

-0.09

0.0001

Maximum

12.7

1.37

52.3

3.0

9.88

0.368

0.054

0.012

Average

3.0

1.0

26.9

0.654

2.67

-0.013

-2.81

0.006

Ratio to U-238

1.12

0.37

10.07

0.24

1.0

-0.005

-1.05

0.002

NA = Not analyzed

DO-04-004, Rev.
Rcv. 33
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4.3.1.2 Outlying LandAreas
Surface soil samples were also collected in the outlying land areas, i.e., outside the central site
tract and perimeter area, as shown in Figure 4-3. These samples were taken to investigate the
area around a former gasoline station located on the site and the nature and extent of surface
contamination across the entire site. Maximum and average concentrations for the radionuclides
of concern in surface soil in the outlying land areas are shown in Table 4-2. The ratio of the
average concentration of each radionuclide to the average concentration for U-238 is also shown
in the table. The measurement values used to generate the summary table include values less
than the MDC and negative values.
The railroad easement that forms the southeast boundary of the central site tract is not considered
a potential area of concern; however, a portion of the ballast used to construct the railroad is
Rhyolite. The Rhyolite deposit is known to have naturally occurring radioactivity. Uranium is
associated with many rock types. The average background level of uranium in Rhyolite is
around 1.32 pCi/g U-238 and 2.75 pCi/g total U (Ref. 47). The gamma walkover survey
confirmed increased gamma radiation levels associated with the Rhyolite. The railroad easement
that cuts through the site exhibited elevated count rates in the range of 14,000-16,000 counts per
minute (cpm). In addition, the railroad adjacent to the U.S. National Guard Armory,
approximately 2 miles from the Hematite site, exhibited similar count rates. The Rhyolite on the
site exhibits elevated levels of gamma radiation consistent with Rhyolite on the non-impacted
railroad adjacent to the armory.
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Table 4-2 Surface Soil Radionuclides and Concentrations in Outlying Land Areas
Location

Nature and Extent
and Former Gas
Station

Rev. 33
DO-04-004, Rev.

Measure

Radionuclide Concentrations (pCi/g)
Tc-99

Th-232

U-234

U-235

U-238

Am-241

Np-237

Pu-239/240

Maximum

2.34

1.50

1.10

0.682

3.38

0.535

0.122

0.03

Average
Ratio to U-238

0.325
0.31

0.832
0.79

0.959
0.91

0.096
0.09

1.05
1.0

-0.013
-0.01

-1.72
-1.64

0.019
0.02

103
103

April 2006

April 2006
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4.3.2 Subsurface Soil Contamination
Subsurface soil characterization samples were collected, as described in Section 14.2.1, from the
same general locations as the surface soil samples described in Section 4.3.1.
4.3.2.1 CentralSite Tract andPerimeterArea
Those locations inside the central site tract and perimeter area where subsurface soil
contamination in excess of site background levels was measured during the RI are listed as
follows:
* Burial Pits - Subsurface soil samples were collected along the northeast and southeast
perimeter of the Burial Pit area. These sample locations are down-gradient from the Burial
Pit area and up-gradient from the nearby Northeast Site Creek and the natural gas pipeline.
Subsurface soil samples collected in the pit area for the soil distribution coefficient, Kd,
determination (Section 14.2.4) were also included in the sample data for the Burial Pits.
" Former Evaporation Ponds - Subsurface soil samples were collected from locations
surrounding the ponds. Subsurface soil samples collected in the pond area for the K4
determination (Section 14.2.4) were also included in the sample data for the Evaporation
Ponds.
" Gas Pipeline - Subsurface soil samples were collected from locations along the gas pipeline
to confirm the conclusion drawn from previous sampling that the pipeline is not acting as a
conduit for contamination transport. Additional locations along the pipeline were sampled as
part of the investigation of the Evaporation Ponds and the Burial Pits.
* Site Pond/Site Creek Area - Subsurface soil samples were collected at locations around the
Site Pond/Site Creek.
" Former Leach Field - Most of the area above the Leach Field is covered by asphalt or
concrete. Subsurface soil samples were collected from locations surrounding the Leach Field
and from covered locations inside the Leach Field.
* Soil Beneath Buildings - Subsurface soil samples were taken from locations inside and
adjacent to the process buildings. Subsurface samples taken near the process building for the
Kd determination (Section 14.2.4) and samples previously taken underneath the buildings
(Section 14.2.7) were also included in the sample data for soil beneath buildings.
* Limestone Storage and Fill Areas - As described in Section 4.3.1.1, samples of spent
limestone were collected from locations within each of the three limestone piles/fill areas.
Approximately half of the limestone area samples were collected at the surface of the
area/pile and the other samples were collected at various depths below the surface of the
area/pile. Ten samples from each area were combined to form a composite sample for each
area, yielding three composite samples for laboratory analysis.
" Outdoor and Shallow Surface Areas - Locations indicating elevated levels of gamma
radiation during the Gamma Walkover Survey were investigated. In cases where surface soil

DO-04-004, Rev.
Rev. 3
3
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104
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April 2006
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samples did not detect elevated levels at these locations, it was assumed that subsurface
contamination might be present and subsurface sampling was performed.
Red Room Roof Burial Area - Subsurface soil samples were collected within and adjacent to
the suspected burial area based on Gamma Walkover Survey results.
Former Deul's Mountain - Subsurface soil samples were collected at locations adjacent to
the soil pile, which has since been removed. Subsurface soil samples collected in the Deul's
Mountain area for the Kd determination (Section 14.2.4) were also included in the sample
data.
Cistern Bum Pit - Subsurface soil samples were collected in the bum pit.
Nature and Extent - Subsurface soil samples were collected across the entire site (inside and
outside the central site tract) to determine the horizontal and vertical extent of subsurface
contamination.

A summary of maximum and average subsurface soil concentrations for the radionuclides of
concern at each of the locations inside the central site tract and perimeter area is provided in
Table 4-3. The ratio of the average concentration of each radionuclide to the average
concentration for U-238 is also shown in the table. The measurement values used to generate the
summary table include values less than the MDC and negative values.

Rev. 33
DO-04-004, Rev.
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Table 4-3 Subsurface Soil Radionuclides and Concentrations in the Central Site Tract and Perimeter Area
Location

Around Burial Pits

Around Former
Evaporation Ponds

Along Gas Pipeline

Around Site

Measure
Tc-99

Th-232

U-234

U-235

U-238

Am-241

Np-237

Pu-239/240

Maximum

4.26

1.37

0.943

0.715

1.67

0.577

0.052

NA

Average

0.265

0.970

0.943

0.125

0.689

-0.048

-2.29

NA

Ratio to U-238

0.38

1.41

1.37

0.18

1.0

-0.07

-3.32

NA

Maximum

131

1.81

2.67

1.61

10.6

0.747

0.135

0.007

Average
Ratio to U-238

9.64
4.94

1.04
0.53

2.55
1.31

0.299
0.15

1.95

0.049

-3.24

0.004

1.0

0.03

-1.66

0.002

Maximum

4.54

1.39

4.44

0.643

1.71

0.334

0.086

0.0

Average

0.946

0.907

2.76

0.132

0.352

-0.078

-2.31

0.0

Ratio to U-238

2.69

2.58

7.84

0.38

1.0

-0.22

-6.56

0.0

Maximum
Average

2.97
0.549
0.17
0.17

2.50
1.24
0.39
0.39

240
120
38.1
38.1

12.8
1.23
0.39
0.39

22.5
3.15
1.0
1.0

0.306
-0.031
-0.01
-0.01

0.154
0.008
-2.03
0.008
-0.64_0.003
-0.64
0.003

Pond/Creek38
Ratio to U-238

3
Rev. 3
DO-04-004, Rev.

Radionuclide Concentrations (pCi/g)

106
106

April 2006

April 2006
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Table 4-3 Subsurface Soil Radionuclides and Concentrations in the Central Site Tract and Perimeter Area (cont.)
Location

Around Former
Leach Field

Beneath Buildings

Limestone Areas
(surface & subsurface
composites)

Measure
Maximum
Average

Red Room Roof

Burial AreatoU-38

4.37
1.45

____________

1.41
0.906
_____

5.62
5.62

0.40
0.116

_____

2.34
0.754

0.227
-0.11

0.212
-1.95

0.004
0.004

_____

Ratio to U-238

1.92

1.20

7.45

0.15

1.0

-0.15

-2.59

0.005

Maximum

30.2

1.54

604

23.1

71.0

0.70

26.0

0.008

Average

2.46

0.858

163

1.98

4.65

0.013

0.378

0.003

Ratio to U-238

0.53

0.18

35.05

0.43

1.0

0.003

0.08

0.0006

Maximum
Average
Ratio to U-238

94.1
70.1
24.86

0.714
0.326
0.12

NA

1.67

4.51

0.361

0.019

NA

NA
NA

0.729
0.26

2.82
1.0

0.12
0.04

0.005
0.002

NA
NA

1.67

1.61

0.747

0.319

2.05

0.118

0.121

NA

Average
Ratio to U-238

0.449
0.42

1.08
1.01

0.747
0.70

0.108
0.10

1.07
1.0

-0.013
-0.012

-0.88
-0.82

NA
NA

Maximum
Average

0.422
0.203
0.8_.2

1.29
0.940

3.06
2.20
3.0

0.571
0.199
0.27

1.35
0.733
1.0

0.569
0.211
0.9_0.8_0.0

0.072
-0.719

-0.002
-0.002

Ratio to U-238

0.28

1.28

3.0

0.27

1.0

0.29

-0.98

-0.003

Maximum
Outdoor and Shallow
Surface Areas

Radionuclide Concentrations (pCi/g)

Rev.
33
DO-04-004,
DO-04-004, Rev.

107
107

April 2006

April 2006

(ý)

HEMATITE DECOMMISSIONING PLAN

Westinghouse

Table 4-3 Subsurface Soil Radionuclides and Concentrations in the Central Site Tract and Perimeter Area (cont.)
Location
Former
MountainDcul's
Area

Cistern Burn Pit

Nature and Extent

Measure

Radionuclide Concentrations (pCi/g)

Maximum
Average

13.9
5.34

1.59
1.02

157

9.24

36.3

0.526

0.081

-0.002

52.7

2.27

9.22

0.055

-4.35

-0.002

Ratio to U-238

0.58

0.11

5.72

0.25

1.0

0.006

-0.47

-0.0002

Maximum

0.894

1.65

3.71

0.483

1.38

0.172

0.026

-0.001

Average

0.461

1.11

3.10

0.272

0.431

-0.063

-1.31

-0.001

Ratio to U-238

1.07

2.58

7.19

0.63

1.0

-0.15

-3.04

-0.002

Maximum

7.49

1.70

0.836

0.773

1.92

0.733

0.144

NA

Average

0.499

0.977

0.833

0.086

0.658

-0.028

-2.16

NA

Ratio to U-238

0.76

1.48

1.27

0.13

1.0

-0.04

-3.28

NA

NA = Not analyzed

DO-04-004, Rev.
Rev. 3
3
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4.3.2.2 OutlyingLandAreas
Maximum and average concentrations for the radionuclides of concern in subsurface soil in the
outlying land areas are shown in Table 4-4. The ratio of the average concentration of each
radionuclide to the average concentration for U-238 is also shown in the table. The measurement
values used to generate the summary table include values less than the MDC and negative
values.

DO-04-004, Rev.
DO-04-004,
Rev. 33
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Table 4-4 Subsurface Soil Radionuclides and Concentrations in Outlying Land Areas
Location

Nature and Extent
and Former Gas

Station

DO-04-004, Rev. 3

Measure

Maximum
Average
Ratio to U-238

Radionuclide Concentrations (pCilg)

Tc-99

Th-232

U-234

U-235

U-238

Am-241

Np-237

Pu-239/240

1.68
0.270
0.43

1.62
0.70
1.11

1.70
0.856
1.36

0.674
0.056
0.09

2.74

0.414

0.353

-0.001

0.631
1.0

-0.019
-0.03

-1.52
-2.41

-0.001
-0.002

110
110

April 2006

April 2006
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4.3.2.3 Soil ContaminationDepth Profile
Information on the depth profile of subsurface soil contamination is provided in Table 4-5. The
sum-of-fractions (SOF) was calculated for the radionuclides in each subsurface soil sample using
the volumetric DCGLs. For these calculations, the Np-237 analytical results obtained by gamma
spectrometry are not included because of the high minimum detectable concentration associated
with that measurement method. The alpha spectrometry results for Np-237 demonstrate that this
radionuclide is not a significant contributor to the SOF.
The average SOF was calculated for the samples from each of the contaminated soil areas in the
central site tract (Figure 4-2). The average SOF for each area is shown in the table along with
comments on the highest sample SOF in the area. A similar calculation was performed for
subsurface soil samples from the outlying land areas.
Table 4-5 Subsurface Soil Contamination Depth Profile
Central Site Tract
Location

Comments

Average
SOF

Around Burial Pits

0.00

Around Former
Evaporation Ponds

0.09

Along Gas Pipeline

0.01

Around Site
Pond/Creek

0.24

Around Former Leach
Field
Beneath Buildings

0.02

Limestone Areas

0.00

Outdoor and Shallow
Surface Areas
Red Room Roof
Burial Area
Around Former
Deul's Mountain

0.03

DO-04-004, Rev. 3

0.24

0.01
0.17

No subsurface soil sample exceeds an SOF of 1. The highest
sample SOF = 0.13.
One (1) subsurface soil sample has an SOF near a value of 1.
The SOF for this sample is 0.92 at a depth of up to 30 ft
adjacent to the ponds.
No subsurface soil sample exceeds an SOF of 1. The highest
sample SOF = 0.15.
One (1) subsurface soil sample has an SOF near a value of 1.
The SOF for this sample is 0.89 at a depth within 1 ft of the
surface.
No subsurface soil sample exceeds an SOF of 1. The highest
sample SOF = 0.16.
One (1) subsurface soil sample has an SOF greater than 1.
The SOF for this sample is 1.02 at a depth within 3 ft of the
surface.
Samples were composites of surface and subsurface soil.
No subsurface soil sample exceeds an SOF of 1. The highest
sample SOF = 0.19.
No subsurface soil sample exceeds an SOF of 1. The highest
sample SOF = 0.06.
No subsurface soil sample exceeds an SOF of 1. The highest
I sample SOF = 0.62.

III

April 2006
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Central Site Tract
Location
Cistern Burn Pit

Average
SOF

Comments

0.05

No subsurface soil sample exceeds an SOF of 1. The highest
sample SOF = 0.22.

Nature and Extent

0.00

No subsurface soil sample exceeds an SOF of 1. The highest
sample SOF = 0.21.

Outlying Land Areas
Nature and Extent and
Former Gas Station

DO-04-004,
DO-04-004, Rev.
Rev. 33

0.00

No subsurface soil sample exceeds an SOF of 1. The highest

I sample SOF = 0.097 due to high Th-232 background.
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112

April 2006
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Soil Area Sum-of-Fractions and Radionuclide Dose Contributions

The radionuclide mixtures for the various soil areas on the Hematite site vary as described in
Sections 4.3.1 and 4.3.2 for surface and subsurface soils respectively. Using the soil DCGL
values provided in Section 1.5.1, these various mixtures of radionuclides can be combined into a
SOF that shows the overall level of contamination in comparison to the release criteria for the
site. The average concentrations provided in Tables 4-2 through 4-5 were used to generate Table
4-6. The following discussion does not incorporate the reductions in DCGLs that will be
implemented when the operational DCGLs are established for the Hematite site as described in
Section 5.1.3. These reductions will necessarily increase the SOF values for each area but will
not impact the contribution to dose calculations.
The SOF has been calculated by summing the ratio of the average measured concentration of
each radionuclide to the DCGL for that radionuclide. These results are presented in Table 4-6.
An SOF value of less than one indicates that no remediation would be required to meet the
release criteria indicated by the DCGLs. An SOF value greater than one indicates that
remediation is required in order for that area to meet the release criteria.
A second comparative measure for radionuclide mixtures is to calculate the percent contribution
to the total dose represented by each radionuclide. This is calculated by dividing the fraction for
each radionuclide by the total SOF for that specific mixture. These results are also presented in
Table 4-6.
Appendix C provides a graphical presentation of the SOF data for individual samples of soil and
groundwater. These wireframe graphs and posting plots provide a clear picture of the spatial
distribution of the presence of licensed material in soils and groundwater on the Hematite site.
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Table 4-6 Soil Area Sum-of-Fractions and Radionuclide Dose Contributions

LOCATION
Central Site Tract and
Perimeter Area (1)
Pits

SOF (3)

Percent Contribution to Dose (4)
U-234
U235
U-238
A241
1Tc99
m
12.74%
10.69%
2.35%
0.04%
38.49%
28.32%
0.00%
0.00%

Surface Samples
Subsurface Samples

1.33
0.01

5.05%
33.18%

Th-232
69.13%
0.00%

Surface Samples
Subsurface Samples
Surface Samples
Subsurface Samples
Surface Samples
Subsurface Samples

14.28
0.10
0.19
0.01
0.35
0.14

80.58%
69.75%
51.75%
62.07%
20.59%
2.75%

0.86%
13.99%
21.61%
0.00%
22.75%
53.76%

8.33%
6.57%
11.61%
21.76%
25.55%
20.67%

6.99%
5.29%
9.63%
16.17%
21.40%
17.20%

3.19%
3.90%
5.29%
0.00%
9.68%
5.56%

Around Former Leach

Surface Samples

0.05

66.69%

0.00%

15.61%

12.64%

Field

Subsurface Samples

0.01

75.08%

0.00%

Surface Samples

10.36%
24.38%

Around Former
Evaporation Ponds

N237

Pu2391240

0.00%
0.00%

0.00%
0.00%

0.06%
0.47%
0.08%
0.00%
0.00%
0.00%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%
0.03%
0.04%
0.00%
0.02%
0.05%

4.02%

1.05%

0.00%

0.00%

0.00%
14.90%

0.00%
0.36%

0.00%
0.00%

0.25%
0.00%

4.71

31.32%

0.00%

14.31%
29.03%

Subsurface Samples

3.26

0.52%

0.00%

1.42%

1.18%

0.39%

0.00%

96.49%

0.00%

Limestone Areas

Composite Samples

0.56

85.88%

0.00%

2.93%

2.42%

1.17%

0.19%

7.40%

0.00%

Outdoor and Shallow
Surface Areas
Red Room Roof Burial
Area
Former Deul's Mountain
Area

Surface Samples
Subsurface Samples
Surface Samples
Subsurface Samples
Surface Samples
Subsurface Samples

0.71
0.03
1.54
0.01
18.33
0.17

50.92%
9.58%
2.51%
13.67%
3.57%
21.69%

0.00%
78.76%
9.71%
0.00%
24.47%
4.28%

Surface Samples

0.24

15.11%

3.07%

19.57%
5.31%
30.54%
37.91%
35.45%
31.32%
32.31%

16.41%
3.77%
25.64%
29.69%
29.77%
26.18%
27.05%

13.09%
2.58%
17.83%
0.00%
4.93%
16.23%
22.41%

0.00%
0.00%
0.25%
18.73%
0.13%
0.29%
0.04%

0.00%
0.00%
13.52%
0.00%
1.68%
0.00%
0.00%

0.01%
0.00%
0.00%
0.00%
0.00%
0.00%
0.01%

Subsurface Samples

0.05

6.65%

72.20%

11.75%

9.41%

0.00%

0.00%

0.00%

0.00%

37.70%

2.21%

26.81%

22.12%

11.08%

0.00%

0.00%

0.09%

14.41%

0.00%

0.00%

0.00%

0.00%

32.57%

34.88%

0.00%

0.00%

5.97%

Around Buildings

Cistern Burn Pit

Surface Samples

Nature and Extent
_

Outlying Areas (2)
Nature and Extent &

Subsurface Samples

Surface Samples

0.05
0.01

63.58%

0.00%

22.01%

0.0017

0.00%

0.00%

5.05%

Former Gas Station
Notes:

1) Volumetric DCGLw was used for these areas.
2) Surface DCGLw was used for these areas.
3) Sum-of-fractions (SOF) is calculated by subtracting background concentrations and ignoring negative values.
4) Percent contribution to dose is calculated by subtracting background concentrations and ignoring negative values.
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Soil Background Concentration Levels

Soil background concentration levels were measured in off-site, non-impacted reference areas as
described in Section 14.4.4. These reference area measurements are representative of
background radionuclide concentrations in surface and subsurface soil and sediment at the site.
Maximum and average radionuclide concentrations in the background reference areas are listed
in Table 4-7. The measurement values used to generate the summary table include values less
than the MDC and negative values. No analysis was conducted for Tc-99 because this
radionuclide is assumed to be zero for background concentration. Further consideration will be
given to combining on-site characterization data with off-site reference area data to define
appropriate background values for the final status survey analysis.
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Table 4-7 Soil Background Radionuclide Concentrations

Radionuclides

Th-232 Decay
Chain

U-235 Decay
Chain

U-238 Decay
Chain

Measure

Maximum
Average

Radionuclide Concentrations (pCi/g)
Th-232

Ac-228

Th-228

Pb-212

Bi-212

TI-208

1.32
0.996

1.83
1.060

1.35

1.70

2.62

0.588

1.039

1.037

1.08

0.329

U-235

U-235

(alpha)

(gamma)

0.081
0.047

0.406
0.015

0.70
-0.080

U-238

Th-234

Pa-234m

U-234

Th-230

Pb-214

Bi-214

0.996
0.816

4.03
1.109

16.90
1.276

0.968
0.791

1.39
1.023

1.21
0.904

1.15
0.821

Am-241

Pu-238

Maximum

0.679

Average

-0.003

Maximum
Average

Maximum
Average

-

Pu-

Np-237

Np-237

239/240

(alpha)

(gamma)

0.008

0.022

0.02

0.123

0.000

0.003

0.003

-0.005

Transuranics

K-40
K-40

Maximum

16.5

Average

12.68
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4.4

Surface Water/Sediment

The surface water features on the site are described in Section 3.6 and shown in Figure 3-3. Five
intermittent tributaries (North Lake Tributary, East Lake Tributary, Northeast Site Creek, Site
Creek, and Lake Virginia/Site Creek Tributary) and one perennial stream (Joachim Creek) flow
across or run adjacent to the site. Two ponds/lakes, including East Lake and Site Pond are also
on the property.
The radioactive contamination in the Site Creek on the west side of the plant is discussed in
Section 2.3.3. Northeast Site Creek is suspect because of its close proximity to the Burial Pits.
Water and sediment samples were collected from streams near the central site tract as described
in Section 14.2.1.3 and shown in Figure 4-4 and Figure 4-5, respectively. "Upstream" and
"downstream" refer to whether the samples were collected upstream or downstream of potential
contamination sources.
Upstream water samples were collected from the Site Creek/Site Pond, Northeast Site Creek,
Joachim Creek, Lake Virginia tributary, and East Lake tributary. Downstream water samples
were collected from the Site Creek/Site Pond, Northeast Site Creek, and Joachim Creek.
Upstream sediment samples were collected from Joachim Creek and East Lake tributary.
Downstream sediment samples were collected from the Site Creek/Site Pond, Northeast Site
Creek, and Joachim Creek.
The portion of Northeast Site Creek adjacent to the central site tract and the Site Creek/Site Pond
are both located in the central site tract perimeter area. The rest of the surface water features are
located in the outlying land areas of the site.
Table 4-8 provides a summary of the surface water sample locations along with the
concentrations for Tc-99, Th-232, U-234, U-235, U-238, and selected progeny. Table 4-9
provides a summary of the concentrations for the radionuclides of concern and selected progeny
for sediment sample locations. The ratio of the average concentration of each radionuclide to the
average concentration for U-238 in the downstream samples is also shown in the table. The
measurement values used to generate the summary table include values less than the MDC and
negative values.
Concentrations of selected decay chain progenies are included in Table 4-8 and Table 4-9 as
indicators of the concentration of natural uranium that is present in a sample, because they would
be expected to be in secular equilibrium with the parent radionuclide. Th-228 and thallium-208
(T1-208) are progenies of the Th-232 decay chain, and Th-230 is a progeny of the U-238 decay
chain. The Th-232 chain is a special case, because it would reach secular equilibrium in about
30 years after the thorium is purified. For this site, it is assumed that Th-232 is in secular
equilibrium even if it were present due to operations conducted at the site.
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Table 4-8 Surface Water Radionuclides and Concentrations

Location

Measure

Radionuclide Concentrations (pCi/I)
Tc-99

Th-232

Th-228*

U-234

U-235

U-238

Th-230*

Value

-2.31

0.027

0.075

0.538

0.052

0.215

0.003

Value

1.31

0.029

0.026

1.49

0.14

0.418

0.019

Ratio to U-238

3.13

0.07

0.06

3.56

0.33

1.0

0.05

Value'

1.25

-0.009

0.023

29.6

1.24

4.77

0.008

NA

NA

NA

6.63

0.331

1.14

NA

Value

1.02

0.017

0.033

0.492

0.031

0.281

0.017

Maximum

2.39

0.022

0.086

1.78

0.106

0.818

0.019

Average

1.63

0.006

0.064

1.14

0.073

0.517

-0.001

Ratio to U-238

3.15

0.01

0.12

2.21

0.14

1.0

-0.002

Value

0.025

-0.014

-0.007

0.439

0.014

0.221

0.034

Maximum

1.29

0.019

0.026

0.594

0.064

0.321

0.037

Average

0.01

0.015

0.019

0.542

0.041

0.25

0.02

Ratio to U-238

0.04

0.06

0.08

2.17

0.16

1.0

0.08

Value

1.95

-0.004

0.012

0.516

0.055

0.329

0.045

Value

3.16

0.01

0.042

0.678

0.049

0.74

-0.034

Site Creek
Upstream
Downstream
Site Pond

Value

2

NE Site Creek
Upstream

Downstream

Joachim Creek
Upstream

Downstream
East Lake
Tributary

Upstream
Lake Virginia
Tributary
Upstream
NA = Not analyzed

Progeny
'Unfiltered result
2Filtered result
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Table 4-9 Surface Water Sediment Radionuclides and Concentrations

Location

Measure

Radionuclide Concentrations (pCi/g)
Tc-99

Th-232

Th-228*

TI-208*

U-234

U-235

U-238

Th-230° Am-241

Np-237

Pu239/240

Site Creek
Downstream
andoPond

Maximum
Average

284

4.63

0.938

1.73

937

41.7

86.9

1.25

0.223

0.090

0.006

85.5

1.21

0.811

0.467

214

9.53

25.5

0.935

-0.082

-0.173

0.003

Ratio to U-238

3.35

0.05

0.03

0.02

8.39

0.37

1.0

0.04

-0.003

-0.007

0.0001

Maximum

4.36

1.06

NA

0.326

1.47

0.343

1.27

NA

0.142

0.055

0.006

Average

0.987

0.543

NA

0.152

0.783

0.087

0.455

NA

0.051

-0.296

0.006

Ratio to U-238

2.17

1.19

NA

0.33

1.72

0.19

1.0

NA

0.11

-0.65

0.01

Maximum
Average

-0.02
-0.02

0.143
0.143

NA
NA

0.034
0.034

0.229
0.229

0.106

0.535

NA

0.063

-0.05

NA

0.062

0.399

NA

0.063

-0.05

NA

Maximum

0.352

0.576

NA

0.152

0.548

0.220

0.987

NA

-0.003

0.007

NA

Average

0.096

0.215

NA

0.065

0.359

0.054

0.491

NA

-0.077

-2.54

NA

Ratio to U-238

0.20

0.44

NA

0.13

0.73

0.11

1.0

NA

-0.16

-5.17

NA

-0.166
-0.166

0.614
0.614

NA
NA

0.144
0.144

0.265

0.027

0.322

NA

-0.002

-0.204

NA

0.265

0.005

0.258

NA

-0.002

-0.204

NA

NE Site Creek

Downstream

,

Joachim Creek
Upstream

Downstream

East Lake
Tributary
Upstream
am

.
Maximum
Average

NA = Not analyzed
. Progeny
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Groundwater

Groundwater samples were collected from the site's pre-existing monitoring well network and
from a select number of wells that were installed as part of the RI as described in Section
14.2.1.4. Samples were collected from wells screened in the shallow overburden, deep
overburden, Jefferson City/Cotter Formation, and Roubidoux Formation. A summary of
maximum and average groundwater concentrations for Tc-99 and total U is provided in Table
4-10. Other radionuclides of concern were not detected in groundwater or were detected at very
low levels. The measurement values used to generate the summary table include values less than
the MDC and negative values.
Table 4-10 Groundwater Radionuclide Concentrations
Hydrogeologic Unit

Measure

Radionuclide Concentrations (pCi/l)
Tc-99

Total U

Shallow Overburden

Maximum
Average

3,610
367.7

206.2
21.8

Deep Overburden

Maximum
Average

5,100
134.0

387.8
7.2

Jefferson City/Cotter Formation

Maximum
Average

9.25
4.39

7.9
3.0

Maximum

6.42

13.8

Average

3.05

6.1

Roubidoux Formation

The nature and extent of radiological contamination in groundwater have been identified as part
of the site characterization efforts. Radiological contamination in excess of the DCGLs for
groundwater (presented in Section 1.5.2) has been found to be limited to the saturated
unconsolidated (overburden) soil within the central site tract portion of the site. Radiological
constituents were not identified at concentrations in excess of DCGLs in the two deeper bedrock
aquifers (Jefferson City-Cotter and Roubidoux) in the vicinity of the site.
In the overburden material, the groundwater contamination appears to be associated with known
source areas including the Burial Pits, the Evaporation Ponds, and the soil beneath the buildings.
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Using the radionuclide concentrations given in Table 4-10, the following comments can be
made:
* Tc-99 concentrations are a small fraction of the DCGL for measured groundwater
concentrations on the site.
* Uranium concentrations exceed the radiological DCGL for only two samples that appear to
be associated with Burial Pit locations.
A field investigation to determine the source of the Tc-99 contamination was performed in 1996.
The results of this investigation are presented in "Investigation to Determine the Source of
Technetium-99 in Groundwater Monitoring Wells 17 and 17B," September 27, 1996 (Ref. 44)
and in Section 14.2.12. This investigation revealed that Tc-99 entered the groundwater system in
the area behind Building 256 and traveled down gradient. Based upon site-specific groundwater
flow information and groundwater quality data, the investigation concluded that it is doubtful
that elevated gross-beta concentrations from Tc-99 would reach Joachim Creek before diluting to
background concentration.
The groundwater data exhibit disequilibrium among the uranium isotopes. Figure 4-6 shows that
there is more activity in the groundwater than if natural equilibrium were present. This means
that the activity of U-234 is higher than the activity of U-238. For enriched uranium the U-234
to U-238 ratio will always be greater than one. While enriched uranium has been processed at
the site and is present in contaminated soil, the apparent disparity in groundwater samples is also
due, in part, to natural processes. Figure 4-6 only includes data for groundwater samples where
the mass concentration of uranium exceeds 0.5 micrograms/liter.
The ratios of U-234 to U-238 can range substantially higher than 1:1 in groundwater (Ref. 48).
A national U.S. survey for drinking water suggests 1.3 pCi equals 1 g for uranium (compared to
0.67 pCi equals 1 g ifU-234/U-238 = 1), implying a ratio of about 3:1 for U-234 activity relative
to U-238 activity (Ref. 49). As such, the U-234 to U-238 ratio in many of the groundwater
samples appear to be a result of natural processes rather than due to contamination by licensed
material.
A more direct indication of the presence of licensed material is to determine the enrichment of
the uranium in the sample. The groundwater samples were analyzed by alpha spectroscopy, and
therefore, the calculation of enrichment is subject to the uncertainty associated with the
analytical measurements, which can be substantial particularly when the activity measured is
close to or below the minimum detectable activity associated with the measurement. Figure 4-7
graphically presents the measured total activity of the groundwater samples collected. It is clear
that only a few samples indicate that the uranium levels are elevated above the normal
distribution associated with background concentrations.
Enrichment values were calculated for the groundwater samples based on the U-235 and U-238
activity concentrations subject to the constraint that enrichment was not calculated for samples
where either the U-235 or U-238 value was less than the respective detection limit reported for
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that sample. This resulted in ten samples meeting the constraints with the enrichments shown in
Figure 4-8. The error bars shown in the figure are based on the propagated error based on the
errors reported for U-235 and U-238 activity concentrations provided with the analytical results.
The sample IDs are noted on the figure. With one exception all of the samples can be associated
with known areas of soil contamination. Sample number GW-BR6OB-120704 was not taken in
an area where contamination of the overburden zone would be anticipated. (This sample was
taken from monitoring well BR-06-OB shown in Figure 3-10.) Two samples were analyzed for
this location, and one sample did not pass the constraints noted above, so this particular result is
suspect and will require further investigation in future groundwater sampling events.
The following conclusions can be reached from this evaluation:
* A simple review of the ratio of U-234 to U-238 is not a valid indicator of the presence of
licensed material in the groundwater. The available data indicate that there is substantial
disequilibrium of the U-234 to U-238 ratio for the groundwater on the Hematite site.
" While a review of the calculated enrichment can be useful, there is substantial uncertainty
associated with using alpha spectrometry data. If necessary, other analytical methods, such
as mass spectrometry, can be used to further investigate suspect samples.
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Disequilibrium of Uranium In Groundwater
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Figure 4-6 Disequilibrium of Uranium in Groundwater
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Figure 4-7 Total Uranium Concentration for Groundwater Samples
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Uranium Enrichment for Groundwater Samples
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Figure 4-8 Uranium Enrichment of Groundwater Samples
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5.0

DOSE MODELING

As noted in Section 1.3, the principal radionuclides of concern at the site are Tc-99, Th-232, U234, U-235, and U-238. Transuranic radionuclides Am-241, Np-237, and Pu-239 are potential
radionuclides of concern because they were present in the processed enriched uranium feed
during plant operation, but are likely to be present only in trace concentrations and at a very
small fraction of the uranium concentrations.
Other radionuclides were identified from the laboratory analysis of site soil samples collected
during the RI site characterization, but none was considered to be a radionuclide of concern for
the site. Appendix D contains an evaluation of gamma spectroscopy results to provide
justification for removing various radionuclides from further consideration at the Hematite site.
The information in Appendix D was previously provided to the NRC in Attachment B to a letter
from Westinghouse Electric Company dated December 5, 2005 (Ref. 50). Attachment A to the
same letter concluded that there is no indication that ore materials (i.e., materials that contain
concentrations of naturally occurring uranium and thorium at levels above normal background
concentrations in soil and rock) were handled at the Hematite site, and therefore, the radium
isotopes and their progeny are not radionuclides of concern.
5.1
5.1.1

Release Criteria Using Site-Specific Information
Soil Evaluation Criteria

Surface and volumetric soil DCGLs have been determined, as described in Section 1.5.1, for
radionuclides of concern potentially present in soil (including sediment) at the Hematite site.
Radionuclides of concern for the site soils have been identified as U-234, U-235, U-238, Tc-99,
Th-232 and progeny, Am-241, Np-237, and Pu-239. DCGLs were derived using dose modeling
and RESRAD Version 6.3. The site has both soil and groundwater contamination. The soil
DCGLs were derived using groundwater as an indirect (modeled) pathway without the use of
actual groundwater data.
In general terms, a sensitivity analysis is used to identify model parameters that have the greatest
influence on model predictions. The sensitivity analysis was performed for a number of factors
that affect the dose/source relation, and hence the corresponding DCGL, and include both key
physical parameters and receptor characteristics (intakes). In addition, the analysis considered
factors that affect the conceptual site model itself; namely, radionuclides of concern and
exposure pathways were considered (See Reference 2, Sections 5.5.1, 5.5.2, and 5.5.3 and
Appendix D). A summary of the results of the sensitivity analysis is presented in Table 5-1 and
Table 5-2 for physical parameters and human parameters, respectively.

DO-04-004, Rev. 33

128
128

April2006

April 2006

(ý ) Westinghouse

HEMATITE DECOMMISSIONING PLAN

Table 5-1 Sensitivity Indices Summary - Physical Parameters
Layer

Layer
Contaminated
Zone Erosion
Rate
Thickness of
Unsaturated
Zone
Contaminated
Zone
Distribution

Am-241

_Radionuclide

Np-237

Pu-239

Tc-99

Th-232

U-234

U-235

U-238

S.I.>0.1
S.I.>0.1

S.I.>0.1
S.I.>0.1

S.l.>0.1

Surface
Volumetric
Surface
Volumetric
Surface

S.I.>0.1

Volumetric

S.I.>0.1

Coefficient

S.I.>0.1

S.I.>0.1
I_

I

I

Note: The blank cells have sensitivity indices (S.I.) less than an absolute value of 0.1 and are insignificant
contributors to dose.

Table 5-2 Sensitivity Indices Summary - Human Factors

Layer
Inhalation
Rate

Surface
Volumetric

Fruits,
Vegetables
and Grain

Surface
Volumetric

Am-241

Layer

Np-237

_Radionuclide

Pu-239

Tc-99

Th-232

S.I.>0.1
S.I.>0.1

S.I.>0.1

S.I.>0.1
S.I.>0.1

S.I.>0.1
S.I.>0.1

S.I.>0.1

U-234

U-235

U-238

S.I.>0.1
S.I.>0.1

S.I.>0.l

S.I.>0.1

S.I.>0.1
S.1.>0.1

S.I.>0.1
S.I.>0.1

Consumption

Leafy
Vegetable
Consumption

Surface
Volumetric

Fish
Consumption

Surface
Volumetric

Soil Ingestion
Rate

Surface
Volumetric

Drinking
Water Intake

Surface
Volumetric

S.I.>0.1
S.I.>0.1

S.I.>0.1

Note: The blank cells have sensitivity indices (S.I.) less than an absolute value of 0.1 and are insignificant
contributors to dose.
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Groundwater Evaluation Criteria

Groundwater DCGLs have been determined, as described in Section 1.5.2, for radionuclides of
concern potentially present in groundwater at the Hematite site. Based on current analytical data
for the processed uranium present on the site, the only radionuclides of concern for groundwater
are U-234, U-235, U-238, and Tc-99. Radiological release criteria for groundwater have been
derived using RESRAD (Version 6.22) for a license termination criterion of 25 mrem/yr.
5.1.3

Dose Allocation Approach

It is anticipated that there will be a dose associated with the existing groundwater contamination
that is not considered in the derivation of the soil DCGLs. The NRC has promulgated a primary
limit of 25 mrem total effective dose equivalent (TEDE) in any one year, in excess of natural
background, for releasing a radiologically contaminated site. A dose allocation approach is
described in Section 4.2.3 of the Hematite Soil Survey Plan to account for the various dose
components. In order to implement this approach, operational DCGLs will be established and
incorporated into decommissioning procedures.
The purpose of this dose allocation approach is to assure that the Hematite site, including all
media and pathways, will be decommissioned to levels that permit the release of the entire site at
the annual dose limit criterion. This will be accomplished by establishing administrative limits
to allocate the total dose criterion between the dose associated with soil contamination, including
all pathways associated with the determination of the DCGLs (Ref. 2) and the dose associated
with the existing groundwater contamination, including all pathways associated with the
determination of the DCGLs (Ref. 3).
As an example, the dose allocation might be divided into the following fractions:
Soil contamination
Existing groundwater contamination

84%
16%

In such a case, site procedures would be established and implemented such that each of the soil
DCGLs given in Table 1-1 would be multiplied by 0.84, and the acceptance criteria for the final
status survey would be based on the resulting operational DCGLs rather than the Table 1-1
values. The same approach would be applied to groundwater. This assures that the end results
would comply with NRC regulations. The above values are for illustration purposes only, and
Westinghouse will establish the appropriate allocation values when appropriate.
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ENVIRONMENTAL INFORMATION

As part of the DP approval process, the NRC requires the licensee to prepare an Environmental
Report (ER) to describe the potential impacts that could result from decommissioning. The ER
for the Hematite site decommissioning (Ref. 4) has been prepared in accordance with NUREG
1748 and has been submitted to the NRC.
6.1

Wetlands and Surface Water

Jurisdictional wetlands and surface water issues will be considered in operations and actions
related to decommissioning and remediation of the Hematite site.
6.1.1

Wetlands

In preparation for the site RI, a wetland and surface water assessment was conducted in
November 2003 to delineate and classify potential jurisdictional wetlands and surface water
bodies at the Hematite site. The single potential wetland identified on the site is located in a
small depression south of the facility buildings between the railroad berm and a gravel road that
goes from the vicinity of the facility buildings to the south towards Joachim Creek (see Figure
3-23). This potential wetland is a small, isolated, forested/scrub area that is confined to the south
and southwest by the gravel road and to the north by the railroad berm. There are no inputs or
outputs to the area, and hydrology appears to be the result of precipitation, which ponds between
the road and railroad.
6.1.2

Surface Water

Five intermittent tributaries (North Lake Tributary, East Lake Tributary, Northeast Site Creek,
Site Creek, and Lake Virginia/Site Creek Tributary) and one perennial stream (Joachim Creek)
flow across or run adjacent to the site. Two ponds/lakes, East Lake and Site Creek Pond, are
also on the property. These water resources, just as wetlands, are under the jurisdiction of the
federal government and the State of Missouri.
The Site Creek/Pond and the Northeast Site Creek potentially could require remediation to
remove contamination in sediment and nearby soil. The effects decommissioning and
remediation might have on these surface water features are discussed in Section 8.4.1.
6.2

Threatened and Endangered Species

A letter dated December 10, 2004 from the U.S. Fish and Wildlife Service states that "...no

federally listed, proposed or candidate species or critical habitat occurs on or near the project
site..." Observations made during pedestrian surveys of the central site tract indicate that it
contains neither sensitive nor unique ecological resources nor the types of habitat to support
these resources.
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Cultural Resources Management

Historic and cultural resources (including prehistoric or historic sites, buildings, districts,
structures, and objects) are protected under the National Historic Preservation Act (16 USC
470a-470w) (Ref. 51), Executive Order 11593-Protection and Enhancement of the Cultural
Environment, the Archaeological and Historic Preservation Act (16 USC 469-469c) (Ref. 52),
and the Historic Sites Act (16 USC 461-467) (Ref. 53). These regulations require that federal
agencies take into account the effects of their actions (including permitting and licensing
activities) on potential historic or cultural resources and if necessary, resolve potential impact
issues with appropriate state and federal agencies.
The historical significance of the Hematite facility relates to the role that the facility filled during
the "Cold War" era. From 1956 to 1974 the Hematite facility supplied high-enriched nuclear
fuel for the U.S. Navy nuclear submarine program and other reactor programs. The Hematite
facility was also the first commercial nuclear fuel processing plant in the United States.
Plans for removal of facility buildings have been submitted to the NRC in a separate license
amendment request. The plan to remove these buildings would result in the permanent loss of
these buildings from the historical record. Due to the potential historical significance and the
proposed impacts to these buildings, the National Park Service and State Historic Preservation
Officer required that a Historic American Engineering Record (HAER) be compiled for each of
the buildings at the facility. The HAER (HAER file No. MO-31 1) (Ref. 54) process has been
completed for the site, including photographic documentation of both the process equipment and
buildings. The National Park Service has provided its concurrence for both the equipment
removal and building demolition and has no further issues concerning the historical aspects of
the site. The completion of the HAER adequately documents the historical resources and
satisfies the requirements of Section 106 of the National Historic Preservation Act (Ref. 51).
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7.0

ALARA ANALYSIS

7.1

Introduction

An ALARA analysis was conducted to demonstrate that the dose from residual radioactivity in
soil is ALARA when the dose criteria in 10 CFR 20, Subpart E have been met. As noted
previously, it is the intention of the licensee to remediate soil such that the site meets the
unrestricted release criteria presented in 10 CFR 20, Subpart E, that is, the TEDE to an average
member of the critical group does not exceed 25 mrem/yr.
An ALARA analysis will be provided for the remediation of groundwater after plans for this
work are finalized.
Because the site objective is to remediate to unrestricted release criteria and to use appropriate
dose modeling to relate concentrations to dose, the licensee can apply Section N.1.5, Appendix N
of NUREG-1757, Vol. 2, which states: "In certain circumstances, the results of an ALARA
analysis are known on a generic basis and an analysis is not necessary. For residual radioactivity
in soil at sites that may have unrestricted release, generic analyses show that shipping soil to a
low-level waste disposal facility is unlikely to be cost effective for unrestricted release, largely
because of the high costs of waste disposal. Therefore, shipping soil to a low-level waste
disposal facility generally does not have to be evaluated for unrestricted release."
With this in mind, the results of an ALARA analysis are "known on a generic basis and an
analysis is not necessary." However, because Westinghouse actively promotes the ALARA
philosophy, a simplified analysis (possible benefits and costs relating to decommissioning, a
determination of residual radioactivity levels that are ALARA, and cost versus soil activity
levels) has been performed. NUREG-1757, Vol. 2, Appendix N provides information outlining a
simplified method to estimate when a proposed remediation guideline is cost effective. Possible
benefits, as well as possible costs, are derived and compared. If the desired beneficial effects
(benefit) from the remediation action are greater than the undesirable effects (cost) of the action,
the remediation action being evaluated is cost-effective and should be performed. Conversely, if
the benefits are less than the cost, the level of residual radioactivity is already ALARA without
taking additional remediation action. A list of possible benefits and costs to be considered in the
analysis is shown in Table 7-1.
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Table 7-1 Possible Benefits and Costs Related to Decommissioning

Possible Benefits
"
*
*
"
*

Collective Dose Averted
Regulatory Costs Avoided
Changes in Land Values
Aesthetics
Reduction in Public Opposition

Possible Costs
*

o
o
o
o
e

Remediation Costs
Additional Occupational/Public Dose
Occupational Non-radiological Risks
Transportation Direct Costs and Implied Risks
Environmental Impacts
Loss of Economic Use of Site/Facility

The calculation shown in the following sections is based on conservative, low-end estimates of
waste volume and cost per unit volume of waste. The results of additional calculations based on
middle and high-end estimates of waste volume and unit volume cost are summarized in Table
7-2.
7.2
7.2.1

Determination of Benefits
Collective Dose Averted Benefit

Remediation of site soils to levels that meet the unrestricted release criteria in 10 CFR 20,
Subpart E, using appropriate dose modeling to relate concentrations to dose, is known on a
generic basis to demonstrate that these levels are ALARA. Therefore, calculation of the
collective dose averted is not required in this analysis. However, collective dose costs are
determined and evaluated in Section 7.3.
7.2.2

Regulatory Cost Avoided Benefit

Based on the site objective to remediate the site to unrestricted release criteria, costs associated
with a decision to remediate the site to a restricted release level (additional licensing fees,
financial assurance related to both the decommissioning fund and the site restriction, cost
associated with public meetings or the community review committee, and future liability to
release the site) are avoided and not taken into account in this analysis.
7.2.3

Changes in Land Value Benefit

Because of the relatively low land values in the vicinity and the small portion of the site assigned
to industrial uses, this change in land value benefit is considered to be small and was not
considered.
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7.2.4

Esthetics Benefit

If contaminated soil is removed to meet the operational DCGL soil activity values, the
excavation will be refilled and contoured to the surroundings and vegetation will be restored for
erosion control. However, if a decision was made to remediate below the operational DCGL
value, an increasing quantity of previously undisturbed land might be disrupted and removed.
This additional remedial action would increase the overall environmental disturbance of the land
and have no or a negative esthetics benefit overall.
7.3

Determination of Costs

The determination of costs does not include Environmental Impacts and Loss of Economic Use
of Site/Facility costs, which need not be considered for the site objective of remediation to
unrestricted release criteria presented in 10 CFR 20, Subpart E. This level of remediation
ensures that the site will be available for any future proposed activity, thus preventing the loss of
economic use. In addition, land contours and vegetation will be restored in site remediation
areas for the purpose of erosion control. These costs are unavoidable regardless of the
remediation method and, therefore, are excluded.
7.3.1

Determination of Total Costs

The total cost of a decommissioning alternative is determined in accordance with Equation N-3
of NUREG-1757, Vol. 2, Appendix N, which states:
COStT = CoStR + CostwD + COStAcC + COStTF + COStWDose + COStPDose + COstOther

Where:
Total cost

COStT

=

CostR

= Monetary cost of the remediation action

CostwD

= Monetary cost for transport and disposal of the waste generated

CostACC

=

Monetary cost of worker accidents during the remediation action

COStTF

=

Monetary cost of traffic fatalities during transport of the waste

CostwDose =

Monetary cost of dose received by workers performing the remediation
action and transporting waste to the disposal facility

CO~tPDose

-

Monetary cost of the dose to the public from excavation, transport, and
disposal of the waste

CO~tother

=
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The cost of the remedial action (removal of contaminated soil to an operational DCGL value)
does not include land restoration costs. The cost of remediation action (CostR) and the cost for
transport and disposal of the waste generated by the action (CostwD) are combined into one value
for this assessment. The CostT is calculated as follows:
COstR+WD =

CostR + CostwD

= (Volume of waste produced) x (cost of remediation, disposal, and
transportation per unit volume)
= 5,000 m3 x $175/m 3
= $875,000
CoStAcc

=

(Monetary value of a fatality equivalent to $2000/person-rem) x
(workplace fatality rate in fatalities/hour worked) x (worker time required
for remediation in units of worker-hours)
= ($3,000,000/fatality) x (4.2x10-8 fatalities/person-h) x (5,000 m 3 x 1.62
person-h/m 3)
= $1,021

CO~tTF

=

(Monetary value of a fatality equivalent to $2,000/person-rem) x (volume
of waste produced/volume of a shipment) x (fatality rate per kilometer
traveled) x (distance traveled)
8
= ($3,000,000/fatality) x (5,000 m3/13.6 m3/shipment) x (3.8x10fatalities/km) x (2,500 km)
=

CO~tWDose

-

CO~tP~ose

-

This cost is not applicable. Based on dose modeling performed, dose to an
average construction worker is estimated to be 8 mrem/yr at a soil
concentration of 1,500 pCi/g Total U. At $2,000 per person-rem x 0.008
rem/yr = $16/yr/construction worker. This dollar value is insignificant
and will not add significant cost to the total cost of remediation and need
not be evaluated for the different alternatives.
This cost is not applicable. Dose to the public from excavation, transport,
and disposal of the waste is negligible; hence, monetary cost of the dose to
the public from excavation, transport, and disposal of the waste is
negligible and will not add a significant cost to the total cost of
remediation.
This cost is not applicable. Land restoration costs are not included in this
analysis.

CO~tOtiher-

COStT

$104,779

-
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7.4

Determination of Residual Radioactivity Levels That Are ALARA

The purpose of this section is to determine whether the DCGLs selected for remediation action
are ALARA. Because the intent of the calculation is to determine whether additional soil should
be remediated in order to lower the radiological dose, only the cost associated with the additional
remediation is used as input for this section.
Soil concentrations that are ALARA are determined in accordance with Equation N-8 of
NUREG-1757, Vol. 2, Appendix N, where:
Conc

COStT

DCGLW

$2 0 00 xPD xO.025xFxA

r+A
l-e(r+A)N

Where:
Conc

=

DCGLw
Costr
A

=
=

PD

=

F

=

A
N

=
=

Average concentration of residual radioactivity in the area being
evaluated
Derived concentration guideline level equivalent to the average
concentration of residual radioactivity per unit volume
Total cost (From Table 7-2)
Monetary discount rate (0.03/yr for soil)
Radiological decay constant for the radionuclide
Population density (0.0004 person/m 2 for land)
Fraction of the residual radioactivity removed by the remediation
action (0.8-assuming 80% of the source term removed during
remediation activities)
Area being evaluated (50,000 m2 for central site tract)
Number of years over which the collective dose will be evaluated
(1,000 yr for soil)

This calculation allows the licensee to estimate a concentration at which a remediation action
will be cost effective prior to starting remediation. Results less than one (1) indicate the
remediation action is warranted to meet the ALARA requirement. Results greater than one (1)
indicate the remediation action is not warranted to meet the ALARA requirement.
Conc
DCGLW

$980,800
$2,000 x (4 x 10-4)x 0.025 x 0.8 x 50,000

0.03+0
1 e -(0.03+0)1000

Conc =37
DCGLIV
Because this value is greater than one (1), it is determined that the remedial action DCGL is
ALARA, and no additional remediation action is warranted.
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The above calculation is based on a low-end estimate of waste volume (5,000 in 3 ) and cost per
unit volume of waste ($175/m 3). Table 7-2 shows the results of the above calculation for middle
and high-end estimates for these two parameters.
Table 7-2 Summary of ALARA Calculations

Estimated
Waste
Volume
(m3)

Estimated
Waste
Wast
COStR+WD
Cost Per
UnitDCGLw
Volume
($/m

5,000

15,000

30,000

3

Cos

CoStAcc

PerConcCOStT

COStTF

CGL

)

$175

$875,000

$1,400

$7,000,000

$2,800

$980,800

37

$7,105,800

266

$14,000,000

$14,105,800

528

$175

$2,625,000

$2,942,400

110

$1,400

$21,000,000

$21,317,400

799

$2,800

$42,000,000

$42,317,400

1,587

$175

$5,250,000

$5,884,800

221

$1,400

$42,000,000

$42,634,800

1,599

$2,800

$84,000,000

$84,634,800

3,174
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Conclusion

This ALARA analysis demonstrates that the dose from residual radioactivity in soil will be
ALARA.
As presented in Section 7.2, because the site objective is to remediate to unrestricted release
values, benefits are realized with no comparison against cost for the benefit.
As presented in Section 7.3, costs were determined for the remedial action.
As presented in Section 7.4, an ALARA analysis for the remedial action was performed. The
ratio of Conc to DCGLw was calculated for a range of waste volumes and disposal costs per unit
volume. Because each of the ratio values in Table 7-2 is greater than one, it is determined that
the DCGLw for the remedial action for the area is ALARA, and no additional remediation for the
area is justified.
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8.0

PLANNED DECOMMISSIONING ACTIVITIES

The overall scope of decommissioning at the Hematite site includes the following:
* Removal of contaminated systems and equipment under the site license (not addressed under
this DP)
* Demolition of above-grade structures under the site license (not addressed under this DP)
" Final status survey of site outlying land areas to confirm that these areas meet the release
criteria in this DP
" Removal of Burial Pit material (additional treatability/characterization studies are being
proposed in a site license amendment prior to beginning this work)
" Removal of pavement, concrete slabs, foundations, and below-grade utilities left from the
demolition of above-grade structures
* Remediation of contaminated soil (consistent with operational DCGLs and the NCP process)
" Remediation of surface water sediment, as determined by the characterization results and the
NCP process
" Continued monitoring and remediation of groundwater, if necessary
* Transportation of waste
* Final status surveys and sampling
During the operations phase of the plant, a number of Integrated Safety Analyses (ISAs) were
conducted. These ISAs covered various portions of the fuel fabrication process. Fuel fabrication
and associated operations have ceased, and the equipment and systems have been cleaned of
special nuclear material to the extent possible. In addition, the bulk chemicals (i.e., ammonia
and liquid nitrogen) associated with the processing operations have been removed from the site.
The considerations covered by the ISAs are therefore not applicable to the work that will be done
under the DP beyond the general issues of external events such as severe weather.

8.1

Contaminated Structures

Demolition of contaminated, above-grade structures will be conducted under the site license.
This work will be performed so as to facilitate additional soil characterization activities and to
remove or reduce radioactive contamination from the facilities consistent with the NCP
objectives and license termination.
8.2

Contaminated Systems and Equipment

Contaminated systems and equipment have been removed from facility buildings as approved
under the site license.
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Soil remediation activities involving licensed material will be conducted in accordance with
approved, written procedures as required by NRC License No. SNM-33. The site license does
not authorize any procedures for remediation of contaminated soils without NRC approval via a
specific license amendment or a decommissioning plan.
Radiation protection methods that will be used for soil remediation activities are addressed in
Section 10.0. In general, previous soil excavations performed during site operations demonstrate
that health and safety can be successfully managed during excavations.
8.3.1

Outlying Land Areas

The outlying land areas have been conservatively classified as MARSSIM Class 3 impacted
areas as discussed in Section 14.4.1 of this DP and Section 4.3 of the Hematite Soil Survey Plan.
As such, no soil removal is expected to be required for these areas.
Activities for the outlying land areas are expected to be limited to performing a final status
survey of the Class 3 impacted area in accordance with MARSSIM (Ref, 55) methodology. The
final status survey plan for soils is described in Section 7.2 of the Hematite Soil Survey Plan.
This plan was developed to demonstrate, within acceptable limits of uncertainty, that residual
radioactivity in the soil does not exceed the operational DCGLs.
If soil removal is indicated in these outlying land areas based on the operational DCGLs, the area
will be reclassified and the same remediation techniques described in Section 8.3.2 will be used.
8.3.2

Central Site Tract and Perimeter Area

The major removal/remediation tasks planned for soil in the central site tract and perimeter area
are listed as follows:
* Burial Pit treatability/characterization studies (performed under separate license action)
" Excavation and removal of Burial Pit materials
* Excavation and removal of pavement, concrete slabs, foundations, and below-grade utilities
remaining after above-grade structures demolition
" Excavation and removal of contaminated surface and subsurface soil based on
characterization and remedial action support surveys described in Section 7.1 of the Hematite
Soil Survey Plan
* Staging, packaging, and shipping of waste materials as described in Section 12.0
* Final status survey as described in Section 7.2 of the HematiteSoil Survey Plan
* Backfilling and compaction of soil excavation areas as described in Section 7.2.2 of the
Hematite Soil Survey Plan
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0 Final grading and restoration
These tasks will be performed in the general order listed. However, the order of specific
excavation and removal tasks might vary based on weather and other emergent conditions. Also,
some of the tasks might be performed concurrently, if appropriate.
The above tasks will be performed by qualified contractors that interface directly with Hematite
staff.
Techniques that will be used to remove or remediate soil and materials are described as follows:
8.3.2.1 BurialPit Material
A description of the Burial Pits is provided in Section 2.5. The general location of the pits is
known from historical documents and aerial photographs and is shown in Figure 4-2.
Geophysical surveys performed in 1998 and 2002 using electromagnetic, magnetic, and groundpenetrating radar methods identified some subsurface features that were likely buried waste
materials (i.e., ferrous and non-ferrous metals), but these surveys were inconclusive in
determining the areal extent of the buried material or delineating individual pit boundaries.
Disturbed soil is visible in the vicinity of the Burial Pits in several of the historical photographs.
Thus, it is apparent that the area in the vicinity of the Burial Pits has been regraded on several
occasions. These regrading efforts included the addition of soil cover atop the area where the
Burial Pits were excavated and filled. Analysis of the existing photographs suggests that up to
15 feet of soil cover were added atop the Burial Pits in some areas. Currently, the location of
some of the pits might be inferred by local subsidence in the Burial Pit area.
Because the precise locations of the Burial Pits are unknown and physical information is required
to evaluate conditions of the waste material and impacted soils that might be encountered during
exhumation, additional characterization data will be collected concurrent with the review of this
DP. The additional characterization is the subject of a pending license amendment. The general
approach includes soil borings, test pits (trenching), and sample collection and analyses.
Soil borings, using direct-push technology, will be performed to provide documentation that
waste is not present beneath areas currently covered with concrete and the area outside the fence
line. The soil cores will be screened in the field using instruments to detect radiological and
chemical contaminants. If the boreholes are stable and remain open after removal of the cores,
Westinghouse will use a downhole sensor to record radiological variations in the borehole. The
results from the borings will be used to direct any additional field efforts, as applicable.
Excavation of test pits in the known Burial Pits area will allow direct observation and sampling
of the waste materials. The test pits will also allow physical observation of subsurface
characteristics to assess potential issues related to water management, soil stability, and waste
properties. Two different types of test pits/trenches have been designated to effectively gather
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the necessary information and minimize the risk to workers and the environment. The shallow
test pits are designed to gather information regarding the limits of waste and allow shallow
sample collection. Deep test pits are designed to observe and assess subsurface conditions at
depth. Groundwater is only expected to be encountered during the installation of the deep test
pits. The test pits will be backfilled after collecting all required samples and observing water
inflow conditions.
The general soil excavation process described in Section 8.3.2.3 for surface and subsurface soil
will be followed for the Burial Pits. Special consideration will be given to the identification,
segregation, and handling of mixed wastes from the pits, as described in Section 12.4. Methods
to be evaluated for treating mixed waste that might be found in the pits are described in Section
12.4.1.
There are some unique safety and remediation issues associated with the Burial Pits. The Burial
Pits are known to contain quantities of enriched uranium that will require evaluations of nuclear
criticality safety. Based on available records, it is estimated that the average concentration of
fissile material will be approximately 100 pCi/g of U-235. The concentration criterion for fissile
exempt material (10 CFR 71.15) is 1 gram of fissile material for 2,000 grams of non-fissile
material. (Other provisions for the presence of special moderators are included in the
regulations, but these special moderators are not considered to be applicable to the Burial Pits.)
This mass ratio is equivalent to 1,070 pCi/g for U-235 at any enrichment. Thus the estimated
average concentration of fissile material in the pits is about 1/10 of the definition of fissile
exempt materials in the transportation regulations. It is anticipated that, during any excavation of
materials from the pits, specific items will be identified that have higher U-235 concentrations.
However, such items will be limited in mass because the total uranium quantity in each pit was
limited to approximately 800 grams of uranium at any enrichment.
Radiation surveys of the waste will be conducted during excavation to identify discrete items and
soil volumes that have high U-235 concentrations. Guidance will be developed and incorporated
into site procedures based on the instruments used to identify materials that exceed a
conservative fraction of the definition of fissile exempt material. Provisions will be established
for handling such materials to ensure nuclear criticality safety.
Concentrations of enriched uranium have been identified in other areas of the site, e.g., under
process buildings and in the Evaporation Ponds. However, those concentrations are much lower
than what is anticipated in the Burial Pits. Procedures that are established for excavations
conducted in the Burial Pits will be applicable to other soil excavations on the site, as well.
There are additional safety issues associated with remediation of the Burial Pits, primarily due to
the chemical properties of the buried waste. According to site logs, the pits contain a number of
incompatible chemicals, which might react upon mixing. For example, mixing any two of the
following types of chemicals can cause a reaction: inorganic acids (such as hydrochloric or
hydrofluoric acid), bases (such as potassium hydroxide), and organic compounds (such as TCE
and PCE). Other hazards include the potential for combustion of elemental metals such as zinc
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or magnesium that might be exposed to air and fire hazards associated with oil-soaked rags in
close proximity to ignition sources. These hazards will be addressed in the health and safety
planning documents, and appropriate mitigation measures will be implemented during waste
excavation and sorting activities to prevent injury to personnel. If deemed necessary, remotely
operated equipment might be considered for use in handling particularly troublesome waste or in
situations where physical constraints limit the effectiveness of other engineering controls. It is
not anticipated that any of the potential radiological or chemical hazards have an impact other
than in the immediate area.
8.3.2.1.1. Water Management and Treatment
Current Wastewater Management Practices
Wastewater, including process and sanitary flow, generated at the Hematite site is discharged
through an outfall (Outfall 001) to the Site Creek (downstream of the Site Pond) in accordance
with the NPDES permit (MO-0000761) from the MDNR. The current NPDES permit expires on
February 23, 2011. That permit requires periodic sampling at the outfall and reporting for
inorganic and radiological compounds (gross alpha/gross beta). It does not establish discharge
limits for radiological compounds. The design flow for the existing wastewater treatment system
(WWTS) is 6,000 gpd.
Effluent limits for radiological compounds at the outfall are established in the NRC license
(SNM-33) and are consistent with the values in 10 CFR 20 Appendix B. The control limits for
alpha and beta activity in liquid effluents, including wastewater, are established as 300 pCi/L (3
x 10" IiCi/ml) and 5,000 pCi/L (5 x 10-6 ICi/ml), respectively. These control limits are
established as yearly averages that apply at the site boundary. If the control limits are exceeded,
averaged over a calendar quarter, an investigation is conducted and corrective action taken.
Although the values are indicated as averages, site practice is to use them as ceiling values.
The Investigative Derived Waste (IDW) treatment system is permitted as an Applicable,
Relevant or Appropriate Requirement (ARAR) to the existing NPDES permit. The IDW system
provides filtration and carbon treatment of liquid wastes generated as a result of characterization
(investigation) activities at the site prior to discharge to the outfall. The discharge at the outfall
is required to meet the limits established in the ARAR, the NPDES permit, and the license
(SNM-33). The ARAR establishes effluent discharge limits for volatile organic compounds
(VOCs), which include trichloroethylene and tetrachloroethylene-the primary VOCs of concern
at the site. The IDW treatment system includes two 85-gallon drums of activated carbon, in
series, to remove VOCs prior to discharge. A bag filter (100-micron polypropylene) removes
solids from the IDW wastewater prior to the carbon drums. Sample collection to document
compliance with VOC discharge standards is only performed when water is discharged through
the IDW treatment system. VOC discharge standards under the ARAR are set at levels that are
consistent with drinking water standards., Sampling under the ARAR is also required for
radiological compounds, including Tc-99, gross alpha/gross beta, and total uranium, but no
discharge standards are identified.

DO-04-004, Rev. 3

144

April 2006

(9

Westinghouse

HEMATITE DECOMMISSIONING PLAN

Water Management - Burial Pit Investigation or Characterization Activities
Because the current flow through the WWTS is less than 1,000 gpd, and the design capacity is
6,000 gpd, there is additional capacity to discharge approximately 5,000 gpd through Outfall 001
under the existing permit.
Based on the available water quality data, the water generated from investigation
(characterization) of the Burial Pits is expected to meet the existing discharge standards, if
managed through the IDW treatment system, without additional treatment. Sediment loading
will need to be monitored in the bag filter, as well as VOC loading in the carbon drums.
Additional carbon capacity (i.e., larger carbon vessels) might be needed depending on the
amount of water generated. The discharge volume will have to be monitored and adjusted based
on the data from analysis of the water samples collected.
As the volume of water generated as a result of the trenches is not yet quantified, it is likely that
additional temporary storage will be needed. This storage could be provided through holding
bladders, temporary pools, or portable tanks.
Additional Wastewater Characterization/Treatment Effectiveness Evaluation
As described below, there are several water treatment technologies that appear to be effective in
removing the anticipated contaminants at the site (uranium, Tc-99, VOCs). One of the goals of
the additional Burial Pit characterization will be to evaluate available water treatment
technologies to determine which treatment technologies should be utilized to manage the
wastewater generated during the exhumation of the waste materials. Additional information is
also needed to better estimate the volume of water that would need to be managed as a result of
the Burial Pit exhumation. Based on the routine environmental monitoring program and special
studies of wells in and around the Burial Pits, the concentration limits of the license are expected
to be met without treatment.
Samples of the water from the test pits/trenches could be collected and held in a storage vessel.
The water could then be passed through several different treatment media on a bench scale (i.e.,
ion exchange resins, activated carbon, zero-valent iron) to assess the effectiveness and feasibility
of different available treatment technologies. Samples could be collected upstream and
downstream of the treatment vessel to assess the removal efficiency of that treatment technology.
Water Management Considerations - Exhumation of the Burial Pits
The volume of water generated during exhumation of the Burial Pits could be reduced through
installation of physical barriers including slurry walls or sealable sheet piling, which would be
installed once the lateral extent of the Burial Pits is defined. As the Burial Pits are located in
overburden soil in an alluvial valley where the water table is shallow and fluctuates seasonally, it
is likely that a significant portion of the waste material is saturated. The volume of water that
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will need to be managed, including yield from the saturated waste and groundwater in the
vicinity of the pits, is not yet quantified.
If the volume cannot be reduced to a level that can be managed in accordance with the existing
design capacity of the existing WWTS, Westinghouse could apply for a permit modification to
include an increase in the discharge volume. This permit modification request would be subject
to MDNR review and public comment, which is likely to take more than 1 year to complete. The
public might object to an increase in the existing permitted discharge limits. The Consent
Decree with MDNR does offer the exemption for permits for on-site activities, but the
substantive requirements of the permit must still be met. Thus, although MDNR might be able to
accelerate the permit process by not needing to issue the actual permit, the work to support the
permit modification will still need to be performed.
If it is determined that the volume can be managed in accordance with the existing design
capacity of the WWTS, MDNR is likely to require issuance of another ARAR waiver to address
the water generated from exhumation of the Burial Pits. The basis for their request will likely be
that the water generated during remediation (exhumation) of the Burial Pits is a different
wastewater source than the IDW and therefore requires a demonstration that this wastewater will
be adequately treated to meet the existing discharge limits. The treatment evaluation will include
a wastewater characterization and evaluation of available treatment technologies. The ARAR
waiver is not subject to public comment.
Water Treatment Options
The effectiveness of the treatment options and cost will be evaluated more fully as part of the
Burial Pit characterization efforts. Current site data do not indicate that active groundwater
remediation for radionuclides will be necessary, thus this assessment of water treatment options
is limited to ex situ treatment of wastewater that might be needed to meet existing wastewater
discharge limits.
The likely treatment technologies for radionuclides include:
*
"
*
"
*
•

Ion exchange using ion selective resins
Zero-valent iron
Carbon adsorption (pH dependent)
Reverse osmosis
Solids removal through use of polymers
Water softening

The likely treatment technologies for VOCs include:
* Carbon adsorption
" Zero-valent iron
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* Air stripping
Other issues to be addressed:
* Potential fouling of treatment media by solids
" Potential fouling of treatment media by biologic growth
" Contact time for treatment media (flow rate)
" Unit sizing - dependent on flow rate

* Procurement and operation costs including waste management
" Treatment media enhancements (i.e. ph adjustment)
To address these issues, it is likely that several different treatment technologies will be utilized
(in series) to increase the effectiveness of treatment.
8.3.2.2 Pavement, FloorSlabs, Foundations,and Below-Grade Utilities
Following building demolition, the exposed concrete floor slabs will be sealed using an
asphaltic-based sealant or epoxy-based coating. The sealant or coating will be applied to
minimize the potential for releasing contaminants from the concrete due to weather exposure.
The sealant or coating will be applied according to the manufacturer's recommendations for full
coverage of the exposed concrete slabs. Coverings will also be used, if necessary, to prevent the
spread of contamination due to storm water run-off.
One of the floor slabs, possibly Building 254 or 255, will be sealed and left in place until after
the Burial Pit remediation is complete. This slab will provide an impervious foundation for
conducting temporary waste treatment and storage activities for materials removed from the pits.
The types of activities to be conducted in this area include waste sorting and segregation, waste
sampling, bulk waste shredding, chemical waste treatment, and waste storage/stockpiling.

Appropriate controls for limiting storm water run-on/run-off and airborne dust generation will be
installed or implemented, as necessary, to minimize contaminant migration during waste
handling operations. Air monitoring and smear sampling will be conducted, as necessary, to
ensure worker safety during the use of this area. The slab will be remediated as described below
after it is no longer needed for Burial Pit waste handling activities.
Excavation and removal of floor slabs, pavement, foundations, and below-grade utilities will be
accomplished using standard construction equipment such as track hoes, backhoes, bulldozers,
front-end loaders, hoe rams, dump trucks, compactors, water trucks, forklifts, and miscellaneous
small tools. Construction equipment will be checked for radioactive contamination before
exiting designated restricted areas. Controlled areas will be demarcated by flagging, barricades,
or fencing as deemed appropriate. Contaminated equipment will be decontaminated and
surveyed in an established cleaning station before removal from the work area.
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Debris size reduction will be performed during excavation and removal as required for
transportation and disposal. Jackhammers will be the most common tool used for concrete
demolition and size reduction. Equipment can range in size from hand-held units to large hoe
rams mounted on tracked excavators. This method is effective but is noisy and produces large
quantities of dust. The work area will be sprayed with water during demolition to control
airborne dust and contamination as described in Section 11.3. If necessary, a containment tent
with HEPA (high-efficiency particulate air) filtration will be erected over the concrete slabs to
control airborne contamination during demolition.
Excavation and removal of below-grade piping and conduits does not entail unique construction
or remediation safety issues. The below grade piping is minimal and associated with electrical
conduit, sanitary and storm water, and a former pipe to the retention ponds. These features are
not likely to have significant quantities of uranium requiring other than basic radiation safety
measures. Because these features will be removed during soil remediation, additional
characterization is not required and remedial action support surveys will be used to address
radiation and industrial safety and ensure conformance to waste acceptance criteria for the
disposal facility. Excavation slope stability will typically be maintained using conventional
excavation sloping or benching techniques. Shoring and bracing or trench boxes will be used as
required to protect personnel during removal of below-grade structures and utilities.
Steel pipes and rebar will generally be removed using mechanical or thermal cutting methods,
such as hand-held reciprocating saws and oxy-acetylene torches. Plasma arc cutting methods are
also commercially available, if required.
8.3.2.3 Surface andSubsurface Soil
The general process for soil remediation will be as follows:
" The location of contaminated soil areas will be visually marked in the field based on
characterization data and remediation surveys.
* Contaminated soil will be excavated using conventional construction equipment.
• Remedial action support surveys will be used to guide the excavation as described in Section
7.1 of the HematiteSoil Survey Plan.
* Excavated soils will be loaded into trucks or containers at the site of remediation and
managed as described in Section 12.
" When excavation is complete in a survey unit, a final status survey will be performed as
described in Section 7.2 of the Hematite Soil Survey Plan.
" Excavated soil demonstrated to be acceptable backfill soil can be returned to an excavation as
described in Section 7.2.2 of the Hematite Soil Survey Plan.
" Remediated areas will be backfilled, compacted, graded, and seeded as appropriate.

DO-04-004, Rev. 3

148

April 2006

(

Westinghouse

HEMATITE DECOMMISSIONING PLAN

Based on the available characterization information, the sub-slab soil contamination is not likely
to have significant quantities of uranium requiring other than basic radiation safety measures.
After removal of the building slabs, additional characterization of the soil beneath the building
slabs will be conducted as remedial action support surveys that will be used to address radiation
and industrial safety and to ensure conformance to the waste acceptance criteria for the disposal
facility.
The soil areas to be excavated will be isolated from potential storm water run-on and run-off.
Disturbed areas will be isolated by berms and diversion structures/ditches. Excavations will be
maintained free of water as much as possible. Accumulated water will be collected, tested, and
released or treated as required.
During excavation of subsurface soil and materials, excavation slope stability will typically be
maintained using conventional excavation sloping or benching techniques. As noted above for
pavement and floor slab removal, shoring and bracing or trench boxes will be used as required to
protect personnel during removal of below-grade materials.
Excavations will be backfilled as soon as possible after final status surveys are completed and
analyzed. Backfill soil can consist of either acceptable soil removed from site excavations or
clean fill brought in from off site. Off-site backfill will be sampled and tested to verify that it
meets specified radiological, chemical, and geotechnical criteria.
Techniques such as water misting and tarps will be used as necessary to minimize dust emissions
during soil excavation, loading, transport, and handling. Other effluent control measures are
described in Section 11.3.
Soil excavation and handling will be performed using conventional construction equipment
similar to that described for pavement and floor slab removal. The same procedures described
for surveying and decontaminating construction equipment will also be followed.
8.4
8.4.1

Surface and Groundwater
Surface Water

The Site Creek/Pond and the Northeast Site Creek might require remediation to remove
contamination in sediment and nearby soil. Both of these streams are located in the perimeter
area adjacent to the central site tract. If it becomes necessary to remove contaminated sediment
from an extended section of a stream bed, the stream will be temporarily diverted upstream of
the contamination so that the stream section can be dried out for remediation. Stream diversion
can be accomplished by installing a temporary dam to create a holding area from which the water
would be pumped to a location further downstream. Diversion ditches or piping can also be used
to reroute flow around a section of the stream. For small hotspots in or near the stream bed, a
small dike can be used to divert the water around the hotspot to allow remediation. The selected
diversion method will depend on the extent of sediment contamination in various sections of the
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streams. Care will be taken not to disturb the contaminated sediment before the stream is
diverted. After the stream section is dry, the soil remediation process described in Section 8.3.2
for surface and subsurface soil will be followed.
Surface water remediation tasks will be performed by qualified contractors that interface directly
with Hematite staff.
Surface water remediation activities involving licensed material will be conducted in accordance
with approved, written procedures as required by NRC License No. SNM-33. Remediation of
contaminated surface water features must be authorized by an approved decommissioning plan.
Radiation protection methods that will be used for surface water remediation activities are
addressed in Section 10.0.
8.4.2

Groundwater

Groundwater data will continue to be collected periodically at appropriate monitoring points to
assess that the identified conditions do not significantly change over time and to assess the
impact of remedial measures. Natural processes (i.e., attenuation, degradation, dispersion,
dilution) and future soil remediation activities are expected to result in a reduction in identified
groundwater concentrations in the future. Soil remediation activities will reduce the source
terms that contribute to the current groundwater conditions. Natural processes will also continue
to result in a reduction of identified contaminant levels in the overburden over time.
The approach for groundwater remediation is based on current site characterization data that
indicate that the existing radiological contamination in groundwater is associated with known
areas of soil contamination (in the overburden) in close proximity to the plant site. Thus,
remedial options for radiologically impacted groundwater will be evaluated after the
contaminated soil source terms are appropriately addressed. If the appropriate groundwater
DCGLs are not achieved by the source term removal, additional options will be evaluated. The
approach to remediation will also address non-radiological (chemical) contaminants in
groundwater.
8.5

Schedules

The projected schedule for decommissioning, Figure 8-1, identifies decommissioning milestones
and tasks. The milestones and tasks are organized according to the planned work sequence.
Additional details will be developed prior to the start of work, and these details will be one of the
project management tools used to control the work. The initiation of this schedule is contingent
on NRC approval of this DP and other submittals to the NRC (e.g., DCGL reports and soil
survey plan). Circumstances can change during decommissioning, and if the licensee determines
that the decommissioning cannot be completed as outlined in the schedule, an updated schedule
will be provided to the NRC. Inasmuch as decommissioning is not expected to be completed
within the 24-month timeframe outlined in NRC regulations, a request for an alternate schedule
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for completing the decommissioning is being submitted. Periodic updates to the schedule also
will be submitted to the NRC.
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9.0

PROJECT MANAGEMENT AND ORGANIZATION

The project management and organization for decommissioning shall be in compliance with
Section 2.0 of License No. SNM-33, which contains information consistent with that requested
by NUREG-1757 for decommissioning plans.
9.1

Decommissioning Management Organization

A description of project units and qualifications and responsibilities of key project positions are
described in Sections 2.1 and 2.2 of SNM-33. A current and detailed organization chart is
maintained by the Project Director and is communicated to the project organization.
To foster a safety-conscious work environment, the decommissioning project utilizes the
Westinghouse policy "Dealing with Safety Concerns" (Ref. 56). This policy allows any
employee to communicate a concern that will be evaluated so that appropriate actions can be
taken. The policy requires that concerns be documented and responded to in an appropriate and
timely manner.
9.2

Decommissioning Task Management

Work is controlled through a combination of project activities: procedures, schedules, and
planning. Procedures (Appendix A's) to perform work include both detail instructions and
checklists regarding the risks involved with that specific work activity. Radiation Work Permits
(RWPs), as described in Section 10.6.1, are used to ensure proper precautions are observed while
performing radiological work. Checklists include environmental health and safety, radiation
protection, and criticality safety. Work tasks are evaluated during the development of
documented instruction, e.g., procedures. As stated in the site license, procedures are reviewed
and approved based on the nature and content of the procedure.
Schedules are used to plan and track work including the relationships between work activities.
Planning includes the preparation of procedures, reviews or walkdowns, approvals, readiness
reviews, and pre-job briefs.
Pre-job briefings are used on a regular basis, generally each morning or before new activities
begin. These briefings familiarize workers with applicable procedures, criticality safety,
radiation protection, and safety requirements for each activity.
The project management staff meets on a periodic basis to review current safety issues and status
of ongoing operations and to discuss future activities.
Preparation for tasks is generally initiated through the project schedule. Tasks are evaluated and
prerequisites are defined, e.g., manpower, equipment, and procedures. Manpower needs are
reviewed to ensure staffing levels and skills will remain adequate. Equipment needs are
addressed to determine if additional tools or machines are needed, and the procurement process
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is followed to secure the equipment.
comprehensive, multifunctional review.

Procedures are revised as necessary, including a

Prior to the initiation of work tasks, completion of prerequisites is reviewed by a detailed
readiness review process and the Project Oversight Committee (POC).
9.3

Decommissioning Management Positions and Qualifications

Qualifications and responsibilities for project positions not addressed in Sections 2.1 and 2.2 of
SNM-33 are described and maintained up to date in Hematite's Project Management Plan (Ref.
57).
The POC is used to promote and continuously improve work place safety for the
decommissioning project. A description of this committee is provided in Section 2.5 of SNM33.
9.4

Radiation Safety Officer

Requirements for the Radiation Safety Officer (RSO) are described in Section 2.1.3 of SNM-33.
9.5

Training

Project training requirements are described in Section 2.6 of SNM-33. These requirements are
implemented through the Hematite Training Plan (Ref. 58). The plan defines the necessary
training for visitors and employees. The extent of the training will be commensurate with the
activity performed. Specifically, employees working in radiological areas will receive either
Radiation Worker or Health Physics (HP) Technician training as defined in SNM-33 and the
Training Plan. Training will take the form of either classroom, read and sign, or on-the-job
instruction. Examples of on-the-job instruction include pre-job briefings (tailgate meetings) and
professional pauses. The frequency of training varies as indicated in the following examples:
"

Classroom training is performed annually
* Read and sign is performed upon employment and as procedures are issued or revised
" On-the-job training is performed daily (tailgate) and as required during work activities
Documentation of training is performed in accordance with the Hematite Quality Assurance
Program Plan (Ref. 59)
9.6

Contractor Support

Contractor support requirements are described in Section 2.3 of SNM-33. Staff augmentation
will be performed by technically competent and qualified contractors. Decommissioning tasks
that contractors might perform include, but are not limited to, the following:
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Site characterization
Equipment removal
Surface decontamination
Building slab, soil, and Burial Pit material excavation
Waste characterization and packaging

Contractors will also perform other decommissioning activities as approved in the license.
Contractors will be required to comply with applicable regulations, the site license, and site
policies. Westinghouse will perform oversight of contractor activities to ensure compliance with
applicable requirements. Westinghouse maintains the following authorities through its oversight
activities:
"
"
"
•

Input to planning activities
Management review and approval of procedures
Control of task implementation/execution
Stop work (an authority of every employee)

Contractors will be trained in accordance with the Hematite Training Plan.
9.7

Adjustments to the Decommissioning Process

Westinghouse can make justified changes related to the decommissioning process without filing
an application for an amendment to the license to change the DP and supporting documents
provided the following conditions are satisfied:
a. The change does not conflict with requirements specifically stated in License No. SNM-33
nor impair Westinghouse's ability to meet applicable NRC regulations.
b. There is no degradation in safety or environmental commitments addressed in the NRCapproved DP for the activity being performed.
c. The change will not significantly affect the quality of work, the remediation objectives, or
health and safety in an adverse way.
d. The change is consistent with the conclusion of actions analyzed in the Environmental
Assessment issued by the NRC.
e. There is reasonable assurance that adequate funds for decommissioning remain.
f. The coverage requirements for scan measurements and/or sample density will not be
reduced.
g. The DCGLs and related MDCs (for both scan and fixed measurement methods) will not be
increased.
h. The radioactivity level, relative to the applicable DCGLs, at which an investigation occurs
will not be increased.
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i. The statistical test applied to a final status survey will not be other than a Sign test, a
Wilcoxon Rank Sum test, or those described in NUREG-1505.
j. The Type I decision error (for Scenario A of NUREG-1505) or the Type II decision error (for
Scenario B) will not be increased beyond 0.05.
k. A final status survey area classification will not be decreased, e.g., from impacted to nonimpacted; Class 1 to Class 2; Class 2 to Class 3; or Class 1 to Class 3, without NRC
approval.
1. Following failure of a final status survey, a survey unit will not be subdivided and
reclassified without NRC approval.
m. Scenario B of NUREG-1505 will not be used unless approved by the NRC.
Verification that conditions a. through in. have been met and approval of each change will be
done in accordance with the change approval process in License No. SNM-33. Hematite will
retain records of each authorized change to the decommissioning process that provide the basis
for determining that conditions a through m have been met. The records will be maintained in
accordance with License No. SNM-33 requirements.
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10.0 HEALTH AND SAFETY PROGRAM DURING DECOMMISSIONING
Occupational dose will be kept ALARA. To this end, Hematite's Radiation Protection Plan
(Ref. 60) has been established commensurate with the scope and extent of licensed activities at
the site. This plan and associated procedures are the primary means used to administratively
establish safe radiation work practices and ensure compliance with the requirements of the NRC.
Radiation safety controls and monitoring for workers will be conducted in accordance with the
site license and the RadiationProtectionPlan.
In addition to satisfying the requirements of the Radiation ProtectionPlan, the overall objective
is to establish an approach to effectively reduce the risk associated with the decommissioning
activities at the Hematite facility. The Health and Safety Plan (Ref. 61) prescribes the
procedural and equipment requirements for non-radiological protection of project personnel and
the general public at the Hematite site. It is the basis for compliance with 29 CFR 1904, 1910,
and 1926, as well as Westinghouse Environmental Health and Safety (EH&S) policies.
Within the scope of this plan, nothing is more important than the health and safety of project
personnel and the public. The project's primary goal is that no harm should come to project
personnel or the public as a result of remediation activities. Excellence in EH&S performance is
an integral part of business, is essential to the commercial success of Westinghouse, and shall not
be compromised for operational performance.
Health and safety hazards shall be evaluated during the planning phase for each aspect of the
project, and in the course of lessons learned throughout the project. Feasible engineered controls
are the preferred means of addressing such hazards, followed by administrative controls, then by
PPE.
All project personnel have the authority to stop work without risk of reprimand if someone is in
danger or if continuation of a task could result in injury or violation of a regulatory parameter.
10.1

Workplace Air Sampling Program

The HP staff will perform measurements of radioactive material concentrations in air for areas
where radioactive materials are handled or processed in unsealed form and when operations
could expose workers, without credit for respiratory protection, to the inhalation of quantities of
radioactive material exceeding 10% of the derived air concentration (DAC).
Special
requirements for airborne monitoring can be made as a condition of the Radiation Work Permit
(RWP). The air sampling frequency, if not continuous, will be based on the nature of the
radiological work involved and the likelihood that airborne radioactive material will be present.
Air samples will be collected at least weekly, and an investigation will be conducted whenever
any sample result exceeds 1.0 DAC averaged over 8 hours. The air sampling will be
representative of the breathing zone when used for assigning intake. This is normally
accomplished using lapel samplers.
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A continuous air monitor (CAM) might be used to provide a warning signal that the
concentration of airborne radioactivity has become unexpectedly high. A CAM will be provided
if it is likely that, in the absence of an appropriate air monitor alarm, accidental conditions could
cause an intake of radioactive material exceeding 10% of an annual limit on intake (ALI).
Air samplers used for quantitative measurements will have a means to determine the air flow rate
or volume of air sampled. Air flow meters for fixed-location samplers, portable samplers, and
lapel samplers will be calibrated at intervals not exceeding 12 months. Additional calibrations
will be performed after repairs or modifications to the meter or if the meter is believed to have
been damaged. The calibration methods will be consistent with Section 5 of Regulatory Guide
8.25, "Air Sampling in the Workplace" (Ref. 62).
In the event that a specific radionuclide activity is required for air samples, an off-site
commercial analytical laboratory will be used. The commercial laboratory selected from the
approved vendors list will state the minimum detectable activity (MDA) or lower limit of
detection (LLD) on the analytical report.
10.2

Respiratory Protection Program

Engineering and administrative controls will be used to limit the amount of airborne
contamination. Equipment will be kept in good working condition, and good housekeeping will
be maintained to provide a safe work environment. Licensed radioactive materials will be used
and stored in radiologically controlled areas. PPE, fixatives, temporary ventilation, remote
handling equipment, storage containers, administrative controls, and other methods will be used
for controlling intake of licensed radioactive materials. Areas containing radioactive materials
and/or contamination will be posted and controlled in accordance with 10 CFR 20.
The primary objective of the Respiratory Protection Program is to limit the inhalation of airborne
radioactive material when the application of engineering or process controls is not practicable
and to maintain occupational radiation exposures ALARA.

The RSO or other qualified

individual as appointed by the Project Director will administer the Respiratory Protection
Program.
Only respiratory protection equipment certified by the National Institute for Occupational Safety
and Health (NIOSH) will be used to limit the intake of radioactive material. Pursuant to Subpart
H of 10 CFR 20, Westinghouse will assign and take credit for the use of respiratory protection
equipment to limit intakes of airborne radioactive material. The assigned protection factor will
be consistent with Appendix A to 10 CFR 20. The Respiratory Protection Program will include,
as a minimum, the requirements contained in 10 CFR 20.1703 and 29 CFR 1910.134.
Written procedures for respiratory protection will be in place. These procedures will address and
implement the following elements:
0

Radiological monitoring, including air sampling and bioassays
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" Supervision of the program, including program audits
" Training and minimum qualifications of respirator program supervisors and implementing
personnel
* Training of respirator users, including the requirement for each user to inspect and perform a
user seal check (for face-sealing devices) or an operational check (non-face-sealing devices)
on a respirator each time it is donned
" Fit testing
* Selecting respirators
* Maintaining breathing air quality
* Inventory and control of respiratory protection equipment
" Storage, issuance, maintenance, repair, testing, and quality assurance of respiratory
protection equipment
* Recordkeeping
" Limitations on periods of respirator use and relief from respirator use
An initial medical evaluation to determine a worker's fitness to use respirators will be performed
prior to respirator fit testing for tight-fitting face pieces and before the first field use for loosefitting devices. Each user will be reevaluated medically every 12 months thereafter or at some
frequency consistent with ANSI-Z88.6-1984. A grace period of up to 30 days can be approved
by the program administrator in unusual circumstances for a fully qualified respirator user whose
medical screening has expired within the last 30 days.
The wearer of a respirator will inspect it daily whenever it is in use. EH&S will periodically spot
check respirators for proper fit, usage, and condition. If a defective respirator is found during
inspection, it will be returned for repair or proper disposal. An out of service tag will be placed
upon the respirator until it is repaired. During cleaning and maintenance, respirators that do not
pass inspection will be repaired or properly disposed. Repair of respirators will be done with the
original manufacturer's parts in accordance with the manufacturer's instructions. No attempt
will be made to replace components or make adjustments, modifications, or repairs beyond the
manufacturer's recommendation. Respirators not discarded after one shift use will be stored in a
manner and location where they are protected from sunlight, dust, heat, cold, moisture, damaging
chemicals, and deformation of the face piece and exhalation valve. Standard-issue respirators
will be stored in the HP office or similar location.
User training will be performed prior to respirator fit testing for tight-fitting face pieces and
before the first field use for loose-fitting devices. Refresher training will be performed every 12
months thereafter. As a minimum, the training objectives will be consistent with Regulatory
Guide 8.15, Section 5.2.
A quantitative fit test will be performed for tight-fitting face pieces before the first field use. The
fit-testing protocol will be consistent with Regulatory Guide 8.15, Section 5.3.1. The worker
will be fit tested with the same make, model, style, and size of respirator that will be used in the
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field. Retesting will be performed every 12 months thereafter or as otherwise indicated in
Regulatory Guide 8.15, Section 5.3.5. If necessary, a grace period of up to 30 days can be
approved by the program administrator in unusual circumstances for a fully qualified respirator
user whose fit test has expired within the last 30 days.
10.3 Internal Exposure Determination
Employees, including contractors, likely to exceed 500 mrem committed effective dose
equivalent (CEDE) or 5,000 mrem committed dose equivalent (CDE) from the intake of
radioactive material will participate in a routine internal radiation monitoring program. This
program will consist of direct or indirect bioassay at the beginning and end of employment and
on a planned, periodic basis.
Employees will be encouraged to declare pregnancy to the RSO. An evaluation will be
performed by the RSO to determine the potential for a declared pregnant female to exceed the
regulatory exposure limit during the nine-month gestation period. If the potential to exceed the
limit exists or if an employee's request for transfer is approved, the employee will be transferred
to ajob assignment that would reduce the employee's radiation dose. Declared pregnant females
with the potential to exceed 50 mrem CEDE during the calendar year or 100 mrem deep dose
equivalent will be monitored for internal and/or external exposure as appropriate.
Special monitoring might be performed whenever an administrative limit is reached or exceeded
or a nasal smear reveals the presence of detectable radioactivity above established action levels.
Special monitoring also will be performed whenever the RSO deems it appropriate. Routine
monitoring methodologies and frequencies will be appropriate for detecting the types and
quantities of radioactive materials in use by the employee and will be determined by the RSO. A
formal investigation will be performed by the RSO or designee in the event that a monitoring
result is unexpected. A written report will be submitted to the Project Director within ten
working days for review and approval of follow-up actions intended to prevent the exposure
from recurring.
Employees and contractors who have received medical treatments with radioactive isotopes must
notify the RSO prior to entering the facility for work. The RSO will be provided information on
the specific isotope and quantity that was used for treatment or diagnosis.
An internal exposure monitoring program will be maintained consistent with the requirements of
Subpart F of 10 CFR 20. The internal exposure monitoring program is accomplished through air
sampling and the implementation of a system of periodic and special lung counts, urinalysis,
nasal smears, or fecal analysis.
10.3.1 Bioassay Monitoring
Bioassay might include baseline, periodic, and termination sampling as determined by the RSO.
Bioassay measurements will be performed at least annually for individuals likely to exceed an
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intake of 0.1 of ALI (200 DAC-hrs). Periodic measurements will be made when an individual's
cumulative exposure to airborne radioactivity since the most recent bioassay measurement is
>0.04 ALI (80 DAC-hr). For single intakes by inhalation, ingestion, or wounds that are greater
than 10% ALI, an investigation of the intake will be performed.
Bioassays will be performed according to established procedures. The methods and techniques
prescribed by these procedures will follow the provisions of applicable Regulatory Guides and
accepted industry standards (NUREG-1556, Vol.11, Table 8.2). Lung counting, urinalysis, nasal
smears, and/or fecal analyses will be performed for bioassay measurements.
Special bioassay measurements will be performed as determined by the RSO to evaluate intakes
of radioactive material. Examples of circumstances requiring special bioassays include:
" The presence of unusually high levels of facial and/or nasal contamination
* Entry into airborne radioactivity areas without appropriate controls
* Operational events with a reasonable likelihood that a worker was exposed to unknown
quantities of airborne radioactive material
" Known or suspected incidents of a worker ingesting radioactive material
* Incidents that result in contamination of wounds or other skin absorption
* Evidence of damage to or a failure of respiratory protection
10.3.2 Measurements of Radioactive Material Concentrations in Air
Air sampling will be conducted while work is in progress as described in Section 10.1.
10.4

External Exposure Determination

A personnel monitoring program will be maintained consistent with the requirements of Subpart
F of 10 CFR 20. The RSO will provide monitored personnel with a primary dosimetry device
capable of measuring the individual's deep dose equivalent, shallow dose equivalent, and eye
dose equivalent from external sources. The primary dosimetry device will be approved by the
RSO. Other Westinghouse employees or contractors can be issued a primary dosimetry device at
the discretion of the RSO. The personnel monitoring program will be accomplished using
optically stimulated luminescence (OSL) dosimeters, thermo-luminescent dosimeters (TLDs),
and/or pocket dosimeters or equivalent devices. The official and permanent record of
accumulative external dose received by individuals is obtained normally from the OSL or TLD.
Dosimeter service providers shall be NAVLAP certified.
Dose information from sources other than a dosimeter can supplant or supplement dosimeter
results. Such action might be necessary if the dosimeter result is unavailable due to loss or
damage or if the dosimeter result is suspect. In these cases, the action taken and the justification
for such action will be documented by the RSO.
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At a minimum, dosimeters will be assigned and worn by individuals likely to exceed 100 mrem
of external dose during the calendar year. Individuals who enter a restricted area under
circumstances where they are likely to receive a dose to an extremity in excess of 10% of the
applicable regulatory limit will be issued and required to wear an appropriate extremity
dosimeter. The most common form of extremity monitoring provided for workers will be the
TLD ring dosimeter.
Routine exposure rate surveys and contamination surveys of radiologically controlled areas will
be performed on a planned and periodic basis. Non-routine surveys can be performed at the
discretion of the RSO or any time there is reason to suspect that radiation or contamination levels
might have changed unexpectedly. The methodology for performing surveys will be as
described in an approved procedure.
Unrestricted areas adjacent to restricted areas will be surveyed at intervals not exceeding 45 days
to ensure that radiation and radioactive material are adequately confined in restricted areas.
Removable surface contamination surveys in unrestricted areas will be performed and recorded
at frequencies consistent with the potential for spreading contamination but not less frequently
than quarterly. Radiation surveys in unrestricted areas will be performed and recorded at
frequencies consistent with the types and quantities of materials in use in adjacent areas but not
less frequently than quarterly.
The administrative exposure limits for monitored personnel will be less than 2,000 mrem TEDE
per calendar year. The Project Director will ensure that sufficient trained personnel are made
available to perform each operation such that administrative exposure limits are generally not
exceeded. Contractors are also required to provide adequate qualified staff. The Project Director
and RSO can grant extensions to the administrative limit. Persons less than 18 years of age are
not permitted access to radiologically controlled areas at the Hematite site.
10.5 Summation of Internal and External Dose
The RSO will determine if monitoring is required for both internal and external exposures in
accordance with 10 CFR 20.1502. If it is determined that monitoring is required for both
external and internal exposures, compliance with the occupational dose limits will be
demonstrated by summing the external and internal doses. The CEDE will be determined from a
combination of representative air sampling, typically using lapel air sampling, and the results of
bioassay measurements, as deemed appropriate by the RSO.
The RSO will maintain records in accordance with approved procedures to document
implementation of the Hematite Radiation Protection Plan and to demonstrate compliance with
project requirements. Radiation protection records include personnel radiation exposure
documentation, effluent and airborne monitoring data, survey results, RWPs, waste manifests,
and training documentation. Records will be maintained in accordance with 10 CFR 20
requirements and retained for 3 years or until the materials license is terminated, as required by
the applicable regulation.
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10.6

Contamination Control Program

Equipment, components, or surfaces where loose or total (loose plus fixed) contamination is
detected will be quantified to facilitate decommissioning operations. Materials and surfaces
contaminated above release criteria will be defined and posted.
10.6.1 Control of Work
A RWP or written procedure will be issued in order to ensure that individuals observe the proper
precautions while work is being performed in an area where hazards exist due to radiation,
contamination, and/or airborne radioactivity. (See Section 9.2.) Unless specifically excepted by
the RSO, a RWP is required for radiological work. The RWP will contain information
describing the job, assigned workers, hazards evaluations, dosimetry, stay times, protective
clothing and equipment requirements, health physics monitoring, and other additional safetyrelated information. A written description of RWP requirements is contained in the Hematite's
Radiation Work Permit procedure (Ref. 63).
Individuals authorized to work under an RWP are required to read the RWP and print and sign
their name on the original copy of the RWP, indicating they have read and understand the RWP
requirements.
A copy of the RWP will be posted at the job site, unless the job site is in a restricted area, in
which case the copy of the RWP will be posted at the entrance point to the restricted area.
Changes made to a non-terminated RWP will be authorized by the RSO, HP Supervisor, or
designee on the original RWP, and a new copy of the RWP will be posted.
Health physics will perform surveillances at least monthly to ensure that access controls are
properly posted, legible, and operative. Signs, labels, postings, or notices found to be missing
will be replaced promptly.
10.6.2 Contamination/Radiation Surveys
Surveys will be performed to comply with 10 CFR 20.1501. Surveys will be used to evaluate:
"
*
*
*
*

External exposure to personnel
Concentrations of airborne radioactive materials
Surface contamination levels
Radioactive effluents
Environmental conditions of the site and surrounding areas

The frequency of routine surveys will depend on the nature, quantity, and use of radioactive
materials, as well as the specific protective facilities, equipment, and procedures that are
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designed to protect the worker from external and internal exposure. Active restricted area work
locations will be surveyed at least monthly with intervals between surveys not exceeding 45
days. Routine surveys might be supplemented as part of the RWP program. Supplemental
surveys typically include measurements of radiation, contamination, and airborne radioactivity as
the work progresses. Surveys will also be conducted after changes in the conditions that existed
at the time of the most recent survey, including changes in the quantities of radioactive material
handled or in protective equipment and procedures. Survey records will be maintained in a clear
and legible format as required by 10 CFR 20.2103.
Monitoring for radioactive contamination on surfaces of floors, walls, furnishings, and
equipment will be part of the survey program. Surveys will be performed in locations where
individuals are working with an unsealed form of radioactive material in an amount greater than
or equal to 10% of the smallest ALI. These surveys will be performed at least monthly with
intervals between surveys not exceeding 45 days. Methods and instruments used in surface
contamination surveys will be sufficiently sensitive to detect the nuclides being monitored.
A standardized method for smear evaluation of a relatively uniform area will be used to aid in
comparing contamination at different places. A dry smear collected from an area of about 100
cm 2 will be used to indicate levels of removable contamination. Large area wipes using masslin
cloth or equivalent can also be used as a qualitative measure of removable contamination.
Removable surface contamination limits are based on the requirement to avoid transfer of
contamination to unrestricted areas and to maintain exposures ALARA. Higher levels of
contamination are permitted within designated work areas, containment devices, or upon
approval by the RSO. Limits for removable contamination in decontamination work areas are
not established. Fixatives will be used as appropriate during decommissioning operations to
support the ALARA philosophy.
Surface contamination surveys will be conducted for both removable and fixed contamination
before contaminated equipment or facilities are released for unrestricted use. Release limits for
equipment will be in accordance with the NRC "Guidelines for Decontamination of Facilities
and Equipment Prior to Release for Unrestricted Use or Termination of Licenses for Byproduct,
Source, or Special Nuclear Material," April 1993 (Ref. 64). The survey methodology will be
sufficient to detect the release limits specified. Equipment and facilities will be decontaminated
to levels that are ALARA prior to release.
10.6.3 Leak Testing of Sealed Sources
Sealed sources are used on site for radiation instrumentation checks. Each sealed source
containing licensed material will be leak tested at least every six months while in use. Sealed
sources not in use, but in storage, do not have to be tested. Prior to transferring a source from
storage to use or to another person, it will be tested for leakage if a leakage test has not been
performed within the last six months.
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Check sources and button sources are not considered sealed sources and do not require leak
checks.
The source will be removed from its container, and the container will be checked for loose
contamination. If leak test results show that there is contamination of 0.005 microcuries (6,600
dpm) or greater on the source container, action will be taken to remove the sealed source from
use and notify the RSO.
10.7 Instrumentation Program
Instrumentation used for the decommissioning health and safety program will be of sufficient
sensitivity and accuracy to measure radiation exposure levels and detect the presence of
radioactivity on tools, equipment, clothing, and personnel at levels less than the respective limits.
Data points below MDA/LLD levels will be considered zero for the purposes of analysis,
because these levels of activity are statistically insignificant.
Descriptions of the types of radiation monitoring instruments needed to support
decommissioning operations are provided in Table 10-1. Additions, deletions, or equivalent
substitutions can occur at the discretion of the RSO.
Table 10-1 Radiation Measuring Instruments Used to Support Decommissioning

INSTRUMENT TYPE

RADIATION
DETECTED

DETECTION
METHOD

Laboratory counter (automatic)

Alpha, Beta

Gas flow proportional

Portable survey

Beta, Gamma
Up to 5 R/hr

Ionization

Portable survey

Gamma
Up to 5,000 jtR/hr

Scintillation

Portable survey

Neutron
1 to 10,000 mrem/hr

BF3

Contamination survey

Beta, Gamma

Geiger-Muller

Contamination survey

Alpha

Scintillation

Continuous air monitor

Alpha

PIPS/Equivalent
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INSTRUMENT TYPE

RADIATION
DETECTED

DETECTION
METHOD

Lapel air sampler

N/A (sample collection
at 0 to 20 liters/min)

N/A

Low-volume air sampler

N/A (sample collection
at 0 to 5 ft3/min)

N/A

High-volume air sampler

N/A (sample collection
at 0 to 40 ft3/min)

N/A

In-Situ Object Counting System
(ISOCS)

Gamma (real-time
detection and specific
isotope identification)

Scintillation

Radiation measuring instrument calibration will address the type, geometry, intensity, and energy
spectrum of the radiation field in which the instrument is to be calibrated and will be appropriate
to the instrument's intended use. Uncalibrated scales or ranges shall be identified on the
instrument with a suitable tag (or label) attached to the instrument.
Instruments will be calibrated using procedures consistent with Appendix Q of NUREG 1556,
Vol. 11 or by a qualified vendor. Calibration procedures will require:
"
*
*
"

Instrument identification
Identification of applicable reference standards
Descriptions of the calibration method
Identification of the calibration interval

Instruments are generally calibrated at a frequency not to exceed one year. One 30-day grace
period is allowed. Hand-held, portable radiation survey instruments utilized for radiation
protection shall be calibrated at intervals not exceeding 6 months or after maintenance, repair, or
adjustment likely to affect the primary calibration. Other calibration frequencies can be specified
by the site license.
Instrument source and response checks are performed in accordance with approved procedures.
These procedures define specific instructions to inspect, test, and document results. Response
checks are performed daily or before each use.
Records will be maintained for each piece of equipment to show that established schedules and
procedures for the calibration of measuring and test equipment (M&TE) and measurement
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reference standards have been followed. Records of instrument calibrations shall be maintained
for a three-year period unless otherwise required by 10 CFR Part 20. The records will contain a
history of calibration and other means of control, showing when a calibration is due,
conformance or nonconformance to required tolerances before and after adjustments, and any
limits on use or corrections to be applied.
The Hematite QualityAssurance ProgramPlan describes additional details including:
" Reference standards
" Traceability
" Out-of-calibration/tolerance control
M&TE and measurement reference standards will be transported, stored, and calibrated in
environments that will not adversely affect their accuracy.
10.8 Nuclear Criticality Safety
NRC License No. SNM-33, Section 4.0 contains requirements for nuclear criticality safety
during decommissioning.
10.9

HP Audits, Inspections, and Recordkeeping Program

An audit program will be conducted to assess the effectiveness of the Radiation Protection
Program. Areas reviewed include the following:
*
*
*
"
*

ALARA program
Environmental monitoring and effluent releases
Qualification and radiological safety training
Incident investigation reports, non-conformance reports, and corrective actions
Contractor oversight results

The POC will conduct an annual audit of licensed activities as described in Chapter 10 of
License No. SNM-33.
Limited-scope audits/assessments of the radiation protection program will be conducted by the
RSO (or designee) to determine compliance with applicable regulations and the Hematite
Radiation Protection Plan. The RSO, or his designated alternate, will conduct quarterly
inspections of areas where licensed materials are in use to ensure compliance with radiation
protection requirements. A written report will be issued to the Project Director.
The RSO will make a written annual report to the POC and executive management having
responsibility for the license reviewing the employee exposures and effluent release data. This
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report will include a review of audits, inspections, and radiological measurements performed
during the past calendar year with emphasis on the data collected from the following areas:
employee exposures; bioassay results; in-plant airborne radioactivity; and environmental
monitoring. Reportable incidents (see 10 CFR 20, Subpart M) will also be identified in the
report.
Events specified by applicable regulations or license conditions will be investigated and reported
to the NRC. Non-reportable occurrences will be investigated and documented as appropriate.
Such reports will be available for NRC inspection.
Audit records will be maintained for a minimum of three years.
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11.0 ENVIRONMENTAL MONITORING AND CONTROL PROGRAM
Decommissioning activities will be conducted in a manner that protects the health and safety of
the public and employees and the environment. This includes development of programs and
procedures that provide for monitoring, detection, and control of releases of radioactive material
into the environment as a result of decommissioning activities.
Hematite's radiological environmental monitoring program will be conducted in accordance with
the site license and Hematite's Radiation Protection Plan. Activities related to environmental
monitoring and control will comply with the Hematite Quality Assurance Program Plan. The
environmental monitoring program will be reviewed and revised as necessary during the
decommissioning process in accordance with the change control process in the site license. The
license commitment for environmental monitoring and control serves as a minimum
commitment. As remediation activities begin, the monitoring program will be revised as
necessary to ensure adequate environmental monitoring and controls are in place.
11.1 Environmental ALARA Evaluation Program
In accordance with Hematite policy, every effort will be made to ensure that operations are
conducted in accordance with ALARA principles, consistent with Regulatory Guide 8.37,
A radiological
"ALARA Levels for Effluents from Materials Facilities" (Ref. 65).
with
Table
11-1 to monitor
conducted
in
accordance
program
will
be
monitoring
environmental
the Hematite site and surrounding areas to determine if there has been any increase, above
natural background conditions, in the radiation level or radioactivity in air, water, soil, or other
representative environmental samples. Locations of air particulate, soil, vegetation, well water,
surface water, and liquid effluent sampling stations will be established and documented. As
decommissioning activities progress, the monitoring program will be revised based on activities,
environmental conditions, and risk to ensure adequate environmental monitoring and controls are
in place. Some of the methods that will be used to determine if monitoring program changes are
necessary include:
* Procedure revisions will be reviewed by the project management to identify environmental
impacts that might require changes to monitoring and/or controls.
" Planning for decommissioning activities will include consideration of environmental impacts
and associated monitoring requirements.
* The Project Oversight Committee, which provides management oversight and review of
decommissioning activities, will also consider the need for environmental monitoring
changes during its review process.
During decommissioning activities, environmental samples will be collected and analyzed as
shown in Table 11-1. Sample frequency can vary due to inclement weather, operating
conditions, or a variance in decommissioning activities. More frequent or additional samples can
be taken as required for special studies and evaluations. Should a significant continuous upward
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trend be noted in any of the sampling data, actions will be taken to investigate the cause and
remedial actions will be taken as appropriate.
The monitoring of penetrating radiation will be performed using standard environmental
dosimeters that are placed at locations around the perimeter of the remediation area. These
dosimeters will be collected and analyzed quarterly to measure the integrated gamma dose for
each location.
A description of the procedures, engineering controls, and process controls to maintain
concentrations of radioactive material in effluents ALARA is provided in Section 11.3. The
effectiveness of the ALARA process for effluent control will be evaluated through the use of
periodic surveillances and audits with reports to management as described in the site license and
Section 10.9.
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Table 11-1 Radiological Environmental Monitoring Program

Sample Media
Air Effluents

Sampling Points
On-site fixed samplers

Collection

Analysis

Sample

Frequency

Frequency

Type

Continuous

Weekly

Analysis Type

Particulate

Weekly-gross alpha, gross
beta
Monthly-composite analyzed
for isotopic U, gamma spec,
and Tc-99

Portable work control
samplers

Liquid

Sewage treatment

Effluents

Outfall 001

Daily-during
soil
remediation
work

Daily-during soil
remediation work

work

_and

Grab
Particulate

Daily-gross alpha, gross beta
Monthly-composite
analyzed
Mnhycmoieaaye
for isotopic U, gamma spec,
Tc-99

Weekly

Weekly

Grab

As described in Section 11.2

Continuous

Weekly

Composite

As described in Section 11.2

Storm drain Outfall 003

Monthly

Monthly

Grab

As described in Section 11.2

Joachim Creek above
and below confluence

Monthly

Monthly

Grab

Gross alpha, gross beta

Quarterly

Quarterly

Grab

Site Creek dam Outfall
002

Surface Water

with Site Creek

Joachim Creek & Site
Creek confluence

Gross alpha, gross beta
I

Site Outfalls 004, 005,

Weekly

Weekly

Grab

As described in Section 11.2

Quarterly
Quarterly

Quarterly
Quarterly

Grab
Grab

Gross alpha, gross beta
Gross alpha, gross beta

Quarterly

Quarterly

Grab

Gross alpha, gross beta

Quarterly

Quarterly

Grab

Gross alpha, gross beta

Quarterly

Quarterly

Grab

Gross alpha, gross beta

Quarterly

Quarterly

Grab

Gross alpha, gross beta

Quarterly

Quarterly

Grab

Gross alpha, gross beta

Annual

Annual

Grab

Gross alpha, gross beta

Annual

Grab

Gross alpha, gross beta

and 006

Groundwater

Off-site well (Hematite)
Evaporation Ponds
monitoring wells (3)

South Vault sample
well
Burial Pits monitoring
wells (3)
Perimeter wells

Soils

Four locations
surrounding plant

Vegetation

Four locations

_7

surrounding plant

Sediment

Site Creek below Site
Creek dam

Northeast Site Creek
near railroad crossing
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11.2 Effluent Monitoring Program
The Hematite facility is currently discharging water to three outfalls: 001-sanitary wastewater,
002-site dam overflow, and 003-storm water. (See Figure 3-4.) Discharges are performed

under NPDES permit number MO-000076 1, which allows wastewater discharges to an unnamed
tributary of Joachim Creek. The permit effluent and monitoring requirements are listed in Table
11-2.
Table 11-2 NPDES Effluent Limitations and Monitoring Requirements
Outfall Number
& Effluent
Parameters

Final Effluent Limitations
Units

Daily Maximum

Weekly Average

Outfall 001
Flow

MGD

'

NA

BOD'

mg/L

NA

45

TSS'

mg/L

NA

pH
Ammonia as N
Fecal Coliform'
Chlorine, Total'
Radioactive
Material 3' 6

SU
mg/L
#/100mL
mg/2L

4

pCi/L

NA

Outfalls 002-006
Flow

1000
0.019

MGD
'
TSS
mg/L
NA
pH
SU
Radioactive
Material 3'6
pCi/L
NA
BOD - Biochemical Oxygen Demand

Monthly
Average
T

Measurement
Frequency
once/month

30

once/quarter 2

45

30

once/quarter'

NA
NA
NA
NA

4

7
400
NA

once/quarter 2
once/quarter
once/quarter
once/quarter

NA

weekly

NA

l

once/month

45
NA

30
4

once/quarter
once/quarter

I

NA

weekly

TSS - Total Suspended Solids
1 Monitor requirement only
2 Once per quarter during the months of February, May, August, and November.
3 A composite sample made up from a minimum of four grab samples collected within a 24-hour period with a
minimum of two hours between each grab sample.
4' pH is measured in pH units and is not to be averaged. The pH is limited to the range of 6.0-9.0 pH units.
5 Final limitations and monitoring requirements for Fecal Coliform and Total Residual Chlorine are applicable only
during the recreational season from April 1 through October 31. Fecal Coliform and Total Residual Chlorine must be
measured during May, August, and October of each calendar year.
6 Monitoring required for gross alpha and beta radiation in accordance with NRC License No. SNM-33.

On April 15, 2005, Westinghouse submitted an application to renew its plant site NPDES permit.
In its renewal application, Westinghouse modified the monitoring program for Outfalls 001
through 003 and added three outfalls that represent other possible locations for point source
discharges of surface water runoff. The three existing outfalls and the three additional outfalls

are listed as follows:
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1. Outfall 001 - Discharge from the facility sanitary wastewater treatment plant to the unnamed
tributary downstream of the Site Pond
2. Outfall 002 - Discharge from the Site Pond to the unnamed tributary
3. Outfall 003 - Discharge to the Site Pond from facility storm drains
4. Outfall 004 - Discharge from the east culvert, which collects runoff from paved and unpaved
areas east of Building 260 and conveys it to the unnamed, intermittent stream located to the
east of the central site tract
5. Outfall 005 - Discharge from the south culvert, which collects runoff from paved and
unpaved areas southwest of Building 252 and conveys it to the low-lying area north of the
Missouri Pacific railroad tracks
6. Outfall 006 - Intermittent stream east of the central site tract that collects runoff from the east
culvert (proposed Outfall 004) and non-point-source runoff from paved and unpaved areas on
the eastern side of the central site tract
In conjunction with the discharges to and from the Site Pond, these additional outfalls include the
locations from which point-source discharges of facility runoff could occur during site
decommissioning.
Table 11-3 describes Westinghouse's proposed monitoring programs for the six outfalls defined
in its permit renewal application.
Table 11-3 Proposed Discharge Monitoring Schedule
Outfall Number and Description
001

002

003

004

005

006

Sanitary
Sewer

Site Pond
Dam

Storm
Sewer

East
Culvert

South
Culvert

Intermittent
Stream

Flow

Monthly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

BOD

Quarterly

Total Suspended Solids

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

pH

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Parameter

Temperature
Oil & Grease
Fecal Coliform

Quarterly

Residual Chlorine

Quarterly

Radioactive Parameters
Gross Alpha

Weekly

Weekly

Weekly

Weekly

Weekly

Weekly

Gross Beta

Weekly

Weekly

Weekly

Weekly

Weekly

Weekly
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In accordance with the NRC License No. SNM-33, Hematite is required to sample wastewater
for gross alpha and gross beta radiation. The monitoring locations and frequency are listed in
Table 11-4.
Table 11-4 NRC Sampling Locations, Frequency, and Sample Type
Sampling Location

Frequency

Sample Type

Sewage Treatment Outfall

Weekly

Grab

Effluent discharge at the dam (Outfall 002)

Weekly

Weekly Composite

Liquid effluent samples will also be collected at or prior to discharge from the waste handling
system. This sampling will be via representative grab samples of batch discharges or by
sampling of continuous discharges or both. Samples will be analyzed by one or more of the
following methods:
"
"
"
*
*
*

Alpha activity measurements
Uranium fluorimetry
Kinetic phosphorescence analyzer (KPA)
Mass spectroscopy
Beta measurements
Gamma spectroscopy
" Neutron activation analysis
Other analytical methods for sample analysis can be authorized by the RSO.
Air will be sampled for radiological contaminants and particulates as determined by the RSO.
The sampling program will be designed based on the potential that the effluent from an area has
for contributing to the dose to a member of the general public. During decommissioning
activities, environmental area samplers will be placed at locations that represent the predominant
downwind locations from remediation activities. The selected locations will confirm the absence
of contaminants based on the differences between upwind and downwind samples. Moderatevolume samplers will be used to collect samples through filters. Samples will be taken daily and
analyzed for gross alpha and gross beta radioactivity and for total suspended particulate
concentrations through a gravimetric determination. Airborne effluent monitoring systems,
when used, will be calibrated at intervals not to exceed 12 months.
Continuous aerosol monitors will be used to provide real-time particulate data near the work
areas associated with soil remediation, material handling, and container loading. Locations of
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the monitors will be determined prior to the start of daily activities based on wind direction.
Locations will be adjusted upon significant changes in wind direction. Wind direction will be
determined by a windsock or equivalent device. Monitors will be setup with size selective inlets
to determine the concentration of airborne particulate matter with an aerodynamic diameter of 10
microns (PM 10). The monitors will be set to alarm upon exceeding a pre-set PM 10 concentration
limit selected to protect workers and ensure airborne PM 10 concentrations at the property
boundary are well below regulatory limits. If an alarm level is exceeded, associated activities
will be stopped and actions will be taken to improve emission controls or reduce the production
of emissions until local levels fall below the alarm level.
Additionally, job coverage will be performed by HP technicians. Radiation surveys will be
performed during remediation, handling, and loading activities to ensure radiation protection
limits are not exceeded. If those limits are approached or exceeded, the associated work activity
will be modified or stopped until appropriate evaluations and corrective actions can be
completed.
Environmental air emissions were monitored for 19 stacks during fuel production operations of
the facility. The 2002 radiological results for the air emissions were loaded into COMPLY
Code-V1.6 and executed at Level 1, the most conservative level. The results of the COMPLY
run indicated that the Hematite facility was in compliance with 40 CFR 61, National Emissions
Standards for Hazardous Air Pollutants and 10 CFR 20.1101. During decommissioning
activities, air emissions will not approach the release levels observed during fuel production
operations.
The control limits for alpha and beta activity in liquid effluents are 3 x 10-7 gCi/ml average for
alpha and 5 x 10.6 piCi/ml average for beta. The stated control limits for alpha and beta activity
will apply at the site boundary and are average values for the year. If the control limits are
exceeded, averaged over a calendar quarter, an investigation will be conducted and corrective
action taken.
Gross-alpha and gross-beta analyses are performed on liquid effluent samples. Gross-alpha
analysis is performed on air effluent samples. The specific radionuclides in these effluents are
expected to be consistent with the characterization data presented in Section 4.0. The average
concentrations for 2003 are shown in Table 11-5.
Table 11-5 Average Effluents for 2003
Effluent
Liquid

Gross Alpha
1.01E-8 pCi/ml

Gross Beta
2.02E-8 pCi/ml

10 CFR 20 App. B Limit
3.OOE-7 pCi/ml (alpha)
5.OOE-6 pCi/ml (beta)
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Gross Alpha
9.13E-15 pCi/ml

Gross Beta
N/A

10 CFR 20 App. B Limit
5.00E-14 pCi/ml (alpha)

A significant amount of environmental monitoring data has been accumulated during the history
of the site. The environmental monitoring data were prepared and generally reported without
subtracting natural background. Therefore, the historical environmental monitoring data can be
used to supplement the results obtained during the RI summarized in Section 4.0 and to establish
baseline levels.
Effluent samples are collected in accordance with approved site procedures. Analyses of effluent
samples are performed by a contract laboratory. Air samples are analyzed for particulates.
Water samples are analyzed for filtered and unfiltered fractions.
11.3

Effluent Control Program

Concentrations of radionuclides in effluents are not expected to increase as a result of soil and
surface water remediation because of the use of the effluent controls described in this section.
Effluent controls will be used during soil and surface water remediation to minimize radiological
and chemical releases to the environment. The level of control will be selected that reflects sitespecific conditions. Effluent controls will be described in written procedures, work instructions,
or safety permits. The primary effluent controls for soil and surface water remediation are
expected to be dust suppression and erosion and sediment control. Engineering controls, such as
water spray or filtration, will be utilized to control fugitive emissions and minimize visible dust.
In the unlikely event that emissions increase substantially, additional sprays will be used and/or
work practices will be modified to ensure that emissions remain controlled within specified
action levels.
Erosion and sediment controls can be temporary or permanent, depending on the duration of the
activity and specific objectives. Temporary controls serve to minimize erosion and restrict the
transport of sediment within the project area. Permanent controls serve to stabilize the site with
durable erosion control features to control sediment discharge and protect nearby surface waters.
Erosion and sediment control practices that will be considered for use include:
Stabilization
"
"
*
*

Minimizing disturbance areas
Minimizing and controlling dust
Stabilizing surfaces after final grading
Permanent vegetative cover for disturbed areas
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Structural features
" Barriers to isolate areas of erosion and minimize sediment transport
*

Check dams in swale areas to minimize sediment transport
* Erosion control blankets to minimize erosion due to concentrated flow prior to establishing
vegetation
* Construction of stabilized construction entrances to minimize the transport of sediment from
project areas
* Soil stockpiles surrounded by sediment barriers, e.g., silt fencing and/or tarp covers
Storm water management
" Maintaining runoff flow patterns and discharge locations similar to existing conditions
" Maximizing overland flow through vegetated areas
" Active pumping, containment, and, if necessary, treatment of excavation pit water prior to
discharge
Based on using the monitoring and controls described above, radiation dose to members of the
public will be maintained less than the limits described in 10 CFR 20.
Decommissioning procedures will incorporate action levels and actions to be taken. These
action levels will be defined at two points. A lower action level, typically at a small fraction of
the effluent release limit (i.e., 10 to 25%), will be defined at which the response would include
such considerations as evaluate the trend, perform additional sampling, perform additional
analytical measurements such as an isotopic analysis of samples, and review work practices. At
an upper action level, typically at a large fraction of the effluent release limit (i.e., 75 to 90%),
additional responses will be considered and evaluated including verification of sample
measurement data, additional effluent suppression activities, and stopping work activities until
the cause is identified and corrected. Control levels established at the action levels above will
ensure that regulatory annual average limits are met.
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12.0

RADIOACTIVE WASTE MANAGEMENT PROGRAM

12.1

Program Description

Radioactive waste management will be performed in accordance with Hematite's Waste
Management and Transportation Plan (Ref. 66) and the site license. The waste streams
generated as a result of decommissioning will be characterized by sampling and analysis to
Characterization can encompass a
establish profile, packaging, and disposal criteria.
combination of process knowledge, radiological survey, volumetric sampling, and direct
sampling. Direct sampling can be performed utilizing direct radiological and hazardous
constituent reading instruments to survey the material before and after removal. Characterization
data will provide information to support health and safety operations, as well as waste packaging
and transportation requirements. The sampling protocol will be adequate to meet the waste
acceptance criteria of the approved disposal facility. Each waste stream is unique and will
require specific handling, containerization, labeling, transportation, and disposal requirements.
Based on characterization data, the waste will be segregated and analyzed as required by the
disposal facility's waste acceptance criteria.
12.2

Solid Radioactive Waste

12.2.1 Waste Generation
Soil remediation will generate three general categories of solid, low-level radioactive waste
(LLRW): soil, demolition debris, and Burial Pit material. Soil can also include spent limestone
that was used as on-site landfill after meeting license authorized concentration limits.
Demolition debris will consist mostly of concrete floor slabs and foundations, asphalt pavement,
and below-grade utilities (piping and conduit), given that the above-grade building structures
will have been demolished and removed according to license amendment. Burial Pit material
includes a wide variety of waste materials as described in Section 2.5.
Soil will be volumetrically contaminated. It is anticipated that floor slabs and foundations,
piping, foundation material, and other non-soil materials will exhibit primarily surface
contamination. Burial Pit material might contain volumetric or surface contamination. Materials
with surface contamination only will be decontaminated, as practicable, to minimize the volume
of solid waste that must be disposed as radioactive.
The principal radionuclides that will be found in LLRW from soil remediation are U-234, U-235,
U-238, Th-232, and Tc-99. The concentrations of these radionuclides will vary significantly,
depending on which area of the site the LLRW comes from. Based on the RI results presented in
Section 4.0, the average U-234 concentration at potential soil remediation locations is 59 pCi/g,
the U-235 average is 5.5 pCi/g, the U-238 average is 15 pCi/g, the Th-232 average is 1.1 pCi/g,
and the Tc-99 average is 80 pCi/g.
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Estimates of the concentrations of these radionuclides in demolition debris will be determined
after the building structures have been demolished. It is likely that large portions of the slabs
will be decontaminated by removing the surface layer of contamination leaving clean debris for
disposal. Based on the results of several characterization studies in and around the Burial Pits
and the detailed description of material and mass of uranium listed in the disposal logs, the
concentrations might range from non-detectable to almost pure form if averaged over a small
volume. The characterization investigation planned as a separate license action should refine the
information on the physical and chemical attributes of the buried material and surrounding soils
and backfill. This investigation is not expected to provide overall average concentrations of
isotopic activity in the pit material due to the non-homogeneous nature of the waste and the wide
range of sizes and contamination levels of individual waste items.
Based on characterization data provided in Section 4.0 and historical licensed activities,
Hematite radioactive waste removed during decommissioning is expected to be Class A.
Volume estimates for solid LLRW are included in the Decommissioning Funding Plan, which
has been submitted separately to the NRC.
12.2.2 Waste Handling
Soil, demolition debris, and Burial Pit material will be loaded into containers approved by the
Waste Manager prior to transport from the excavation site. If necessary, soil can also be loaded
directly into dump trucks for transport to an on-site stockpile area. Water misting will be used as
appropriate to control dust emissions during excavation and loading. Soils and other materials
will be moved in containers to a waste storage area. Containers will be covered prior to
movement from the excavation area. At either the excavation site or the waste storage area,
monitoring equipment and/or sampling will be used to segregate soils and materials for final
disposition. Loose material generated during loading will be removed from pavement and the
exterior of containers and trucks before they are moved from the excavation area. Surveys will
be performed as appropriate to ensure that removable contamination above specified action
levels but less than or equal to license limits is not carried from the excavation area on containers
or vehicles.
Prior to shipment, waste might undergo physical treatment to improve its manageability and/or to
meet disposal facility acceptance criteria. For instance, soils might be either air dried or
augmented with water to meet the disposal site moisture specifications. Size reduction of
pavement and other debris will be performed, to the extent practical, during excavation and
removal to reduce the weight of each piece and provide for easier handling. Additional size
reduction might be performed in the waste storage area to minimize the overall volume of waste
and the resulting costs of waste transportation and disposal. This might be accomplished by use
of a shredder or grinder to reduce overall waste volume and/or redistribute the radioactivity to
meet waste acceptance criteria and Department of Transportation shipping requirements. All
work will comply with relevant regulatory requirements, such as applicable substantive
requirements of the Resource Conservation and Recovery Act (RCRA).
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Proper disposal and treatment options will be used for radioactive wastes that also exhibit a
hazardous toxicity characteristic, as described in Section 12.4.
12.2.3 Waste Storage Area
Soils and other waste materials generated during remediation will be moved to a temporary
waste storage area for sampling and analysis to accumulate sufficient quantities for economical
shipment and disposal and to coordinate shipments between the carrier and the disposal site.
Waste that is ready for shipment will be stored in covered containers. If necessary, some soil
might be stored temporarily in piles prior to loading into approved containers. If needed to
control dust or erosion by wind or rain, covers, surface coatings, or functionally similar
techniques will be used. Storm water run-on and run-off controls and monitoring will be used as
appropriate.
Westinghouse anticipates that a maximum of approximately 20,000 cubic feet (approximately
750 cubic yards) of waste materials will be in temporary storage at any given time. Positive
control over waste materials will be maintained in a two-fold manner: 1) an active 24-hour
security system is in place for the Hematite facility, and 2) the temporary waste storage area will
be enclosed and/or roped-off and appropriately posted as required. It is expected that radiation
levels at access points to waste storage areas will be greater than site background, with the
average being less that 50 gR/hr and the maximum less than 100 gR/hr. Thus, the low radiation
level adjacent to the waste storage area will ensure compliance with 10 CFR 20.1301. In
addition, appropriate training will be provided to workers regarding the waste materials
temporarily stored on site.
12.2.4 Packaging and Transportation
LLRW generated from soil remediation will be packaged, placarded and/or labeled, and
transported in accordance with the requirements of the disposal site and applicable state and
federal waste transportation regulations. Covers or similar devices to confine the waste and
protect it from the environment will be employed as appropriate. Container liners might be used
to minimize container decontamination requirements and costs at the disposal facility.
LLRW will be transported to the disposal facility by truck and/or rail, depending upon disposal
site receiving facilities, equipment availability, cost, and other factors as appropriate. Soils and
debris will be loaded into containers or trucks at the excavation site or at the waste storage area.
If the soil and debris are to be shipped by rail, the wastes would be transported by truck and
transferred into gondola cars at a rail car loading facility.
12.2.5 Waste Disposition
In some cases, LLRW generated from soil remediation might be transferred to an authorized
waste processor for further treatment or volume reduction; otherwise, it will be shipped directly
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to a licensed disposal facility. In either case, LLRW will be transferred to a facility that is
licensed to receive such waste in accordance with 10 CFR 20.2001(a). Envirocare Utah is a
candidate facility for disposal of solid LLRW. Other licensed disposal facilities will be
investigated as necessary. Processing and disposal of solid LLRW will be performed in
accordance with the relevant requirements of 10 CFR 20, 10 CFR 40, 10 CFR 71, and the
applicable disposal site waste acceptance criteria.
Clean debris and material that meet free-release criteria stated in the site license can be disposed
at a permitted facility.
If equipment or material subject to surface contamination contains less regulated radioactivity
than the criterion for unrestricted release specified in NRC Regulatory Guide 1.86 or in NRC
Policy and Guidance Directive FC 83-23, it can be released without restriction. Before
unrestricted release, the equipment or material would be subjected to a radiological survey.
Soil with radioactivity concentration less than the operational volumetric DCGLw (See Section
7.1 of the Hematite Soil Survey Plan.) can be used for backfill in on-site excavations.
Soils and materials that are both radioactive and contain listed or characteristic hazardous wastes
must be managed as mixed waste as described in Section 12.4.
12.2.6 LLRW Asbestos-Containing Material
Although not anticipated, if LLRW asbestos-containing material (ACM) is encountered during
soil remediation, it will be handled as radioactive waste. The LLRW ACM will be double
wrapped, labeled with the appropriate asbestos and radioactive material warning labels,
containerized, transported, and disposed at a permitted facility. LLRW ACM that is bagged will
be stored/staged in the appropriate container depending on the volume of waste. Metal boxes
and drums can be utilized for small volumes, while roll-offs or intermodal containers can be
utilized for large volumes. LLRW ACM, such as transite, will be double wrapped, placed on
pallets, or packaged and staged for transport.
12.3

Liquid Radioactive Waste

Soil remediation operations will not involve use of significant quantities of liquid chemicals
requiring treatment and/or disposal. Minimum use of water is anticipated for dust control during
soil remediation and demolition of concrete slab or paved surfaces. No free water will be
generated by dust control activity. Soil management and housekeeping activities will be
designed to minimize the exposure of contaminated soils to storm water. However, storm water
from active remediation areas, vehicle and equipment decontamination areas, and the waste
storage area might contain contaminated soil particles. Management of potentially contaminated
soil is described in Section 12.2 above. If necessary for contamination control, storm water will
be contained, collected, and stored in temporary, dedicated above-ground containers. Collected
water will be used for dust control or filtered or otherwise treated prior to discharge to the plant
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sewer system in accordance with Hematite's wastewater permit. Used filters and treatment
sludge, if any, will be solidified and or dewatered and managed as a solid radioactive waste, as
appropriate. Water removed from excavations or generated from the decontamination of
vehicles and equipment will be managed in a manner similar to storm water runoff. As in the
case of radioactive solid waste discussed above, any liquid radioactive waste generated during
remediation, other than treated water discharged pursuant to regulations and the NPDES permit,
will be Class A.
Liquid LLRW generated from soil remediation is expected to contain the same radionuclides
described in Section 12.2.1 for contaminated soil. Liquid LLRW volumes will vary depending
on local precipitation and groundwater levels.
If any LLRW liquids require off-site disposal, they will be sampled, characterized, containerized,
labeled, transported, and disposed at a permitted disposal or process facility. Processing and
disposal of liquid LLRW will be performed in accordance with the relevant requirements of 10
CFR 20, 10 CFR 40, 10 CFR 71, and the applicable disposal site waste acceptance criteria.
LLRW liquids will be stored/staged in the appropriate container, depending on the volume and
type of waste. Filled and partially filled containers will be staged on spill pallets or in a bermed
area. The containers will be filled so that the weight does not exceed the maximum weight
specified by the manufacturer.
LLRW liquids will be stored in an area that provides secondary containment of such size so as to
contain 10 percent of the volume of the stored containers or the volume of the largest container
(whichever is greater). LLRW liquids will be segregated from uncontaminated wastes to
minimize the amount of contaminated liquid generated. LLRW liquids can be absorbed to meet
the disposal facility's waste acceptance criteria.
12.4 Mixed Waste
As indicated in Section 2.5, various chemical wastes were disposed of in the Burial Pits. Over
the time frame in which the pits were used, certain plant processes involved the use of
chlorinated organic compounds. Although the wastes produced from these processes were not
necessarily placed in the Burial Pits, such waste, if present, would be the most likely and
prevalent source of mixed waste from the pits. TCE and PCE were used in the fuel fabrication
process. In addition to the process uses of PCE and TCE, these chlorinated organic compounds
were routinely used in the wipe-down of process equipment to remove surface contamination.
The wipe-down rags were reportedly disposed in the Burial Pits. Chlorinated organic
compounds were also reportedly used for small (metallic) parts cleaning.
VOC analysis of subsurface soil samples collected in the vicinity of the Burial Pits during the RI
and other characterizations identified detectable levels of chlorinated compounds, including PCE
and TCE, as well as their degradation products (i.e., cis-l,2-dichloroethylene, 1,1dichloroethylene, and vinyl chloride). Concentrations of semi-volatile organic compounds were
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either not detected or detected at low levels in the samples. The identification of VOCs and
radioisotopes in subsurface soils is consistent with the deduction that these constituents are also
present in Burial Pit waste.
Radioactive waste encountered during excavation of the Burial Pits might exhibit the
characteristic of a hazardous waste under the Missouri Hazardous Waste Management Law
(RSMo 260.350 to 260.430), the Resource Conservation and Recovery Act (42 U.S.C. Sections
6900 et seq.), and implementing federal regulations (40 CFR 261) and state regulations (10 CSR
25-4.261). If present, such mixed waste is expected to be soil and debris contaminated with
radioactive material and chlorinated VOCs or, to a lesser degree, inorganic acids. Westinghouse
plans to manage these materials in accordance with NRC and applicable EPA and MDNR
hazardous waste regulations to protect public health and safety and the environment. In general,
the approach will be to manage mixed waste on site as needed based on the hazardous waste
characteristic and associated landfill waste acceptance criteria, and then dispose of the residual
radiological waste off site at licensed facilities. The management of the hazardous waste
component does not require a RCRA permit as discussed in Section 12.4.3.
Based on the available historical disposal documentation and the inferences drawn from site
characterization, certain wastes excavated from the Burial Pits might exhibit the characteristic of
a hazardous waste as defined in EPA regulations in 40 CFR 261 and the corresponding MDNR
regulations in 10 Code of State Regulations (CSR) 25-4.2611. Potential hazardous wastes are
primarily associated with chlorinated organic compounds including both ignitable waste (EPA
Waste Code D001; 40 CFR 261.21) and characteristically toxic waste, as determined by results
from the toxicity characteristic leaching procedure (TCLP) test (40 CFR 261.24). Table 12-1
lists potential TCLP hazardous wastes associated with the chlorinated organic compounds
previously used at Hematite.
Table 12-1 Hazardous Wastes Associated with Organic Compounds Used at Hematite
Constituent

Threshold Concentration in

EPA Waste

TCLP Test (lig/L)

Code

1,1-dichloroethylene

700

D029

PCE

700

D039

TCE

500

D040

Vinyl chloride

200

D043

With certain exceptions, the Missouri rules (10 CSR 25-4.261) incorporate by reference the EPA hazardous waste
(RCRA) regulations given at 40 CFR 261. None of the specific Missouri exceptions apply to the potential mixed
waste associated with excavation of the Burial Pits, so, for simplicity, further references to hazardous waste
regulations are to the Federal EPA (RCRA) regulations only.
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In addition, spent acids disposed of in the Burial Pits could result in the generation of corrosive
wastes (EPA Waste Code D002; 40 CFR 261.22) when these waste materials are excavated. The
quantities of wastes exhibiting the characteristics associated with one or more of these EPA
waste codes, if any, are not known at this time.
12.4.1 Management of Hazardous Wastes
Materials from the Burial Pits will be managed on site to meet waste acceptance criteria prior to
offsite disposal. A step-wise, conservative process, using the knowledge gained in the
excavation and handling of waste from each Burial Pit, will be used to refine plans for managing
potential mixed waste in subsequent excavations. This process strategy consists of the following
components:
*

Systematically sample the exhumed material as needed to identify characteristic hazardous
waste that is mixed with radioactive waste.
* Screen, sort, and/or shred exhumed waste materials, as needed, to develop a physical waste
form amenable to subsequent treatment.
* Employ one or more on-site, ex situ treatment technologies to reduce the hazardous waste
characteristics. Available technologies include:
Controlled aeration for removal of VOCs or treatment of ignitable waste
Thermal desorption for removal of VOCs or treatment of ignitable waste
-

Chemical neutralization of low or high pH (corrosive) waste
Mixing with stabilization agents that bind hazardous constituents so they meet applicable
disposal facility waste acceptance criteria

* Transport the residual radioactive waste to licensed off-site disposal facilities.
" Further treat the by-products from the treatment process as needed to minimize or eliminate
the quantity of treatment residues exhibiting the characteristic of a hazardous waste.
12.4.2 Management of Treatment By-Products
To varying degrees, the described waste treatment technologies will generate by-products that
need to be properly managed. Treatment systems will be used that, to the extent practicable,
minimize the generation of such by-products. Both vapor-phase and aqueous-phase treatment
trains will be designed to separately address radionuclides and VOCs so as to minimize the
generation of treatment by-products (e.g., filter, spent activated carbon) that might be mixed
waste.
Westinghouse will control airborne emissions from waste treatment in two stages:
* Particulate removal using HEPA filters designed to remove radioactive materials from the
off-gas stream, if required
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* VOC removal, with a preference for employing technologies designed to destroy VOCs (e.g.,
catalytic oxidation), rather than methods designed to collect and concentrate VOCs (e.g.,
activated carbon adsorption).
Similarly, for liquid by-products of waste treatment, treatment trains will be used that first
remove the radioactive particulates and subsequently treat the liquid stream for VOCs. Again
preference will be given to VOC treatment processes that destroy the VOCs (e.g., ultraviolet
oxidation) rather than collecting and concentrating the VOCs on activated carbon.
Using this approach, the potential for generating mixed waste from treatment of the exhumed
Burial Pit materials will be minimized. Residual radioactive wastes will be sent off site for land
disposal at licensed facilities.
12.4.3 Permitting
Although treatment of hazardous waste generally require a permit under EPA (40 CFR 264) and
Missouri regulations, there are exemptions to such permitting requirements. For example, a
generator of hazardous waste can treat wastes it generates provided that treatment occurs within
a fully enclosed vessel and the treatment occurs within 90 days of the time the waste was
generated. The EPA has indicated in preambles to the federal hazardous waste rules (Federal
Register, Volume 46, Page 2806, January 12, 1981; Federal Register, Volume 51, page 10168,
March 24, 1986.) and in numerous interpretive statements (RCRA Permit Policy Compendium
documents 9453.1986(04), 9453.1987(03), 9453.1987(08), 9471.1987(02), 9453.1991(02), and
9451.1992(01)) that its hazardous waste regulations authorize on-site generator treatment of
hazardous waste in fully enclosed containers, tanks, or containment buildings without a RCRA
permit. Generator requirements, including the storage management standards given in 40 CFR
262.34, remain applicable. Likewise, generators are not required to obtain a permit prior to
storing or treating (other than thermal treatment) mixed waste.
Further, under Section 121 (e)(1) of the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), federal and state permits are not required for on-site response
actions. In addition to the NRC decommissioning requirements, if the Burial Pits are addressed
under a Consent Decree with the state of Missouri, that Consent Decree will specifically
incorporate the CERCLA Section 121(e)(1) permitting exemption. Westinghouse will comply
with the substantive requirements applicable to the on-site storage and treatment of hazardous
wastes.
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QUALITY ASSURANCE PROGRAM

The quality assurance program for decommissioning shall be in compliance with Section 2.8 of
License No. SNM-33, which contains information consistent with that requested by NUREG1757 for decommissioning plans.
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14.0

FACILITY RADIATION SURVEYS

14.1

Release Criteria

The release criteria for soils and sediments that remain on site will be in accordance with the
DCGLs described in Section 1.5.1.
Information on area factors, DCGLEMC (elevated
measurement comparison), treatment of multiple nuclides, and use of operational DCGLs is
provided in the HematiteSoil Survey Plan.
The release criteria for groundwater are described in Sections 1.5.2 and 5.1.2.
Release criteria for equipment will be in accordance with the NRC "Guidelines for
Decontamination of Facilities and Equipment Prior to Release for Unrestricted Use or
Termination of Licenses for Byproduct, Source, or Special Nuclear Material," April 1993 (Ref.
64).
14.2

Characterization Surveys

Westinghouse has prepared and submitted a HSA that provides information on where site
contamination is anticipated based on both a review of available records and interviews of
involved personnel. A site gamma walkover survey was also conducted to further investigate the
site. During that survey, emphasis was placed on areas of the site that were identified as suspect
based on a review of aerial photography of the facility taken over the years. This information
was used in the identification of areas to be investigated during the site characterization under
the RI. A review of the sampling results from the RI did not identify any new areas of
contamination.
Characterization efforts have addressed the entire Hematite site. Although large land areas
around the plant have no history of use relative to licensed operations, no portion of the site has
been designated as non-impacted; therefore, the entire site is open to further review during the
final status survey. Westinghouse believes that the investigations conducted to date provide
adequate assurance that no significant quantities of residual radioactivity have gone undetected.
Additionally, a comprehensive site environmental monitoring program consisting of routine well
water sampling, surface water sampling, and soil sampling has been in effect for several decades.
Several studies, as listed below, focused on the burial area. Site investigations conducted to date
include the following:
"
*
"
*
"
*
*

Remedial Investigation, 2004
Limestone Characterization, 2005
Wetlands and Surface Water Assessment, 2003
Soil Characterization for Kd Determination, 2003
Historical Site Assessment, 2003
Gamma Walkover Survey, 2003
Characterization of Soil Underneath Facility Buildings, 2003
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Deul's Mountain Characterization, 2002
Interim Hydrogeologic Investigation of Off-site Groundwater Quality, 2002
Hydrogeologic Investigation and Groundwater, Soil and Stream Characterization, 1998
Exploratory Probe-hole Investigation for the Evaporation Ponds, 1997
Investigation of Tc-99 in Monitoring Wells WS-17 and WS-17B, 1996
Removal Action for Former Evaporation Ponds, 1992
Preliminary Assessment of the Hematite Site, 1990
Radiological Survey of the Hematite Burial Pits, 1983

Brief descriptions of these site investigations are provided in the Sections 14.2.1 - 14.2.15.
14.2.1

Remedial Investigation

The RI was executed according to a work plan that used the studies mentioned above as the basis
for determining additional characterization data requirements. During the RI, samples were
collected from surface and subsurface soil, surface water and sediment, and groundwater for
laboratory analysis. Sampling was focused on known contaminated locations and potentially
contaminated locations in the central site tract and perimeter area shown in Figure 4-2. Samples
were also collected in the outlying land areas of the site to further investigate the nature and
extent of residual contamination across the property. Additional details on the sampling process
and results are contained in the site radiological characterization report (Ref. 1).
14.2.1.1 Surface Soil Samples
A total of 115 surface soil samples were collected and analyzed. Prior to final selection of each
surface soil sampling location, the general area surrounding the planned location was scanned
with a 2" x 2" sodium iodide (Nal) gamma radiation detector. If activities within an area around
the planned sampling location did not exhibit elevated activity, then the sample was collected at
the planned location. If an area of elevated activity was located during the general area scan,
then the location with elevated activity was selected for sampling.
Surface soil samples were collected from the ground surface down to 15 cm (6 in.) below ground
surface (bgs) or refusal. Three (3) composite samples were collected from limestone storage
areas. Fifteen (15) of the surface soil samples were collected to investigate anomalies identified
during the gamma walkover survey.
Liquid scintillation counting (LSC) for Tc-99 and gamma spectroscopy analyses were conducted
on 100% of the surface soil samples. Isotopic uranium analyses using alpha spectroscopy were
conducted on approximately 10% of the samples. Isotopic thorium analyses using alpha
spectroscopy were conducted on approximately 5% of the samples in areas where Th-232 was
initially assumed as a contaminant.
Thirty (30) surface soil samples were selected for isotopic Pu and Np-237 analyses by alpha
spectroscopy. Am-241, Np-237, and isotopic Pu analyses were also performed on 34 samples
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collected during prior characterization studies, i.e., sampling under the process buildings and the
site K,• study described in Section 14.2.4.
14.2.1.2 Subsurface Soil Samples
A total of 381 subsurface soil samples were collected from 109 sampling locations. Subsurface
soil samples were collected from depth intervals of approximately 10 feet beginning at six inches
bgs in the soil profile. Samples for analysis were selected from within these ten-foot intervals
where radiological contamination was detected during field screening of soil cores. Generally,
one sample was collected from each interval unless more than one distinct depth of
contamination was noted from field screening. In those cases, more than one sample per interval
was collected. If the soil in the sampling interval was determined to be homogeneous with
regard to gamma and beta activity, then the approximate mid-point of the sampling interval was
selected for sampling. Additional samples were collected from the depth interval that included
the static water level and from just above the soil bedrock interface.
LSC for Tc-99 and gamma spectroscopy analyses were conducted on 100% of the subsurface
soil samples. Isotopic uranium analyses using alpha spectroscopy were conducted on
approximately 10% of the samples. Isotopic thorium analyses using alpha spectroscopy were
conducted on approximately 5% of the samples from locations where Th-232 was initially
assumed as a contaminant and on 34 additional samples collected from other source locations.
Fourteen (14) subsurface soil samples were selected for isotopic Pu and Np-237 analysis by
alpha spectroscopy. Am-241, Np-237, and isotopic Pu analyses were also performed on 32
samples collected from source locations during prior characterization studies.
14.2.1.3 Surface Water andSediment Samples
Surface water and sediment samples were collected from Site Creek, Northeast Site Creek,
Joachim Creek, and one location on East Lake tributary. A water sample was also collected from

one location on Lake Virginia tributary. As described in Section 2.3.3, Site Creek (below the
dam) was previously contaminated and remediated. Northeast Site Creek runs adjacent to the
Burial Pit area. Both of these creeks flow into Joachim Creek. The East Lake and Lake Virginia
tributaries have no documented evidence of contamination.
Grab water samples from flowing water were collected at mid-depth in the main flow line of the
creeks. Water samples collected from the Site Pond were vertical composites at the deepest
point in the pond. Some samples were collected upstream of potential contamination sources.
The remaining samples were collected at various downstream locations along the creeks. Water
samples were analyzed for gross alpha/beta, isotopic thorium and uranium using alpha
spectroscopy, and Tc-99 using LSC.
Grab sediment samples were collected in depositional areas along the main flow line of the
creeks, because contaminants tend to concentrate in the fine-grained sediments in depositional
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zones. Sediment samples from the Site Pond were collected at the deepest point in the pond.
Sediment samples were analyzed by gamma spectroscopy. Samples were also analyzed for
isotopic uranium using alpha spectroscopy and Tc-99 using LSC. Twenty percent of sediment
samples were analyzed for isotopic thorium using alpha spectroscopy. Four (4) sediment
samples were selected for transuranic analysis (isotopic Pu and Np-237).
14.2.1.4 GroundwaterSamples
Groundwater samples were collected from the site's existing monitoring wells and a number of
wells that were installed as part of the RI (see Figure 3-10). As part of the investigation of the
extent of off-site groundwater contamination, three domestic wells (PW-06, PW-16, and PW-19)
were converted to monitoring wells. Sampling was conducted in accordance with approved
procedures.
Groundwater samples from monitoring wells were analyzed for gross alpha/beta, isotopic
uranium, isotopic thorium, Tc-99, VOCs, metals, chloride, nitrate, and sulfate, except for
samples from the converted domestic wells, which were analyzed for VOCs alone. Groundwater
samples for transuranic, i.e., Am-241, Np-237, and Pu-239/240, analysis were collected from 30
monitoring wells, 20 of which were selected randomly while the remaining 10 were selected to
ensure that the sample set adequately represented known areas of contamination. Groundwater
samples from eight monitoring wells located along a north/south transect and eight monitoring
wells located along an east/west transect were analyzed for isotopic radium, pesticides, and
PCBs. At these 16 transect monitoring well locations, both filtered (0.45 micron) and unfiltered
samples were collected for metals and radiological parameters. At other well locations, only
unfiltered samples were collected for metals and radiological analyses. The following
parameters were measured in the groundwater samples (except for the converted domestic
wells): pH, alkalinity, specific conductance, turbidity, dissolved oxygen (DO), oxidationreduction potential (ORP), sulfide, iron, and temperature.
14.2.1.5 Sample Results

Surface and subsurface soil-Sample results for surface and subsurface soil in the central site
tract and its perimeter area are shown in Appendix E. Sample results for surface and
subsurface soil in the outlying land areas are shown in Appendix F. Plots are provided for
each of the radionuclides of concern at the site. As noted in Section 5.0, other radionuclides
were also identified from the laboratory analysis of samples, but none was considered to be a
radionuclide of concern for the site as discussed in Appendix D. The results are plotted in
order from lowest to highest concentration. The average MDL is also plotted for the
radionuclides. Results for the radionuclides with higher concentrations are plotted on a log
scale. If a sample has gamma spectroscopy and alpha spectroscopy results for a radionuclide,
both sample results are included in the plot for the radionuclide.
*

Surface water and sediment-Appendix G contains the sample results for surface water.
Plots are presented for the radionuclides of concern and selected progeny, showing
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concentration levels and locations in site surface water features. Similar plots are provided in
Appendix H for sample results from surface water sediments.
An evaluation (Ref. 50) of these sample results was conducted to determine if any other
radionuclides might be present, specifically including:
-

Progeny of the U-238 and U-235 decay chains beyond those that are present in processed
uranium (uranium processed through to UF 6)
Fission products that might be present if materials and equipment that had been
contaminated at a nuclear power reactor had been used at the facility (not a licensed
activity)

Based on that evaluation, it was concluded that there are no uranium decay chain progeny
present beyond what is anticipated for processed uranium (at any enrichment) or natural
background and that no fission products were identified other than those anticipated to be
present. Cs-137 was identified at levels consistent with anticipated background levels for
fallout activity.
Groundwater-Sample results for Tc-99 and total U in groundwater are provided in
Appendix I. Other radionuclides of concern were not detected in groundwater or were
detected at very low concentrations. Measurement values, including those less than the MDL
and negative values, are shown in the sample results. The sample results are segregated
according to the hydrogeologic region from which they were collected, i.e., shallow
overburden, deep overburden, Jefferson City/Cotter Formation, and Roubidoux Formation.
Maps showing monitoring well locations and sample concentrations are provided in
Appendix C.
14.2.1.6 Quality Assurance
Field duplicates, matrix spikes, matrix spike duplicates, and rinsate blanks were collected and
submitted to the analytical laboratory to provide a means to assess the quality of the data
resulting from the field sampling program.
14.2.1.7 Instrumentation
The site characterization data from the RI were derived almost entirely from laboratory analyses
of soil and water samples.
Table 14-1 provides a summary of the laboratory analyses performed, the methods used, and the
analysis sensitivities.
Surface soil samples and sample locations were scanned with field instruments to identify
elevated radioactivity concentrations. Field instruments were also used to scan subsurface soil
cores to identify the area within each core interval that had the highest instrument response. NaI

DO-04-004, Rev. 3

191

April 2006

(ý) Westinghouse

HEMATITE DECOMMISSIONING PLAN

2"x2" (gamma) and Geiger-Mueller (beta/gamma) hand-held meters were used to perform these
scans.
Table 14-1 Laboratory Analysis Methods and Sensitivities
Sensitivity
Water
(pCil1)

Description

Analysis

Medium

Method

Sensitivity
Soil (pCi/g)

Gross alpha

Water

EPA 900.0

3

3

Gas Flow Proportional Counter

Gross beta

Water

EPA 900.0

4

4

Gas Flow Proportional Counter

Tc-99

Soil and
Water

ASTM C-1387

10

10

Liquid Scintillation Counting
(EPA-906.0)

Soil and
Water
Soil and
Water
Soil and
Water
Soil and
Water

ASTM D3972
ASTM D3972
ASTM D3972

0.1

0.2

Alpha Spectrometry

0.1

0.2

Alpha Spectrometry

0.1

0.2

Alpha Spectrometry

EPA 901.1

1

60

Gamma Spectrometry

Soil and
Water
Soil and
SoilWatr
Water

ASTM D3972
EBased
EPA 901.1

0.1

0.2

Alpha Spectrometry

1

180

on assumption of secular
equilibrium with Th-234

Soil and
Water

ASTM D3972

0.1

0.2

Derived from alpha
spectrometry data

Am-241

__m-24__

Soil and
Water

ASTM D3972

0.05

0.1

Alpha Spectrometry

Np-237
Pu-239/240

Soil and
Water

ASTM D3972

0.05
0.05

0.1
0.1

Alpha Spectrometry
Alpha Spectrometry

Pu-239/240

Soil and

ASTM D-

0.05

0.1

Alpha Spectrometry

Th-232

S

UJ-234
U-235
(alpha spec)
U-235
(gamma
spec)
U-238
(alpha spec)
U-238
U-238
(gamma
spec)
Total U

________

Water
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14.2.1.8 Limited AccessibilityAreas
Some soil areas are not completely accessible for sampling. Although soil and fill material
underneath facility buildings are not readily accessible, samples have been collected adjacent to
and under some of the process building. Results from soil samples taken underneath process
building in an earlier characterization study are presented in Section 14.2.7. Building floor slabs
will be removed as part of soil remediation, and exposed soil will be surveyed and remediated as
necessary.
Another area not completely accessible for sampling is the Burial Pits. Certain wastes known to
be present in the Burial Pits present a risk if encountered in an uncontrolled manner.
Characterization efforts regarding the Burial Pits will be conducted under a license amendment
as described in Section 8.3.2.1. Work plans will address survey and excavation methods to be
used for removal of the contents from the pits. Survey results will be described in the final status
survey report for the area.
14.2.2 Limestone Characterization
In 2005, approximately 40 samples were collected from the above-ground limestone pile located
southeast of Building 253 (discussed in Section 4.3.1.1). The purpose of this study was to
support the potential disposal at an industrial landfill or eventual release along with other soil
areas. Samples were collected to measure Tc-99 and isotopic uranium. Analytical results
indicate the following maximum concentrations: 433 pCi/g of Tc-99, 50 pCi/g of U-234, 2.83
pCi/g of U-235, 11.7 pCi/g of U-238, and 60.59 pCi/g of total U. Average concentrations of
constituents across the pile ranged from 44.79 pCi/g of Tc-99 to 0.45 pCi/g of U-235.
14.2.3 Wetland and Surface Water Assessment
In preparation for the RI, a wetland and surface water assessment was conducted in November
2003 to delineate and classify potentially jurisdictional wetlands and surface water bodies at the
Hematite site (Ref. 67). The assessment was conducted to identify potential impacts of site
investigation activities, i.e., well installation and road building, with regard to compliance with
requirements of Sections 401/404 of the Clean Water Act (Ref. 68). A field survey of surface
water bodies within the property was also conducted, and detailed descriptions of the intermittent
streams were prepared. Based on the wetland and surface water survey, it was concluded that
site investigation activities can be implemented without significant impact to wetlands and
surface water bodies.
14.2.4 Soil Characterization for Kd Determination
Because higher-than-background levels of uranium isotopes (U-234, U-235, and U-238) and
technetium (as Tc-99) have been measured during previous characterization events, site-specific
Kd factors for these radionuclides were measured in the laboratory using soil samples collected
from the Hematite site. This work is described in a report entitled DeterminationofDistribution

DO-04-004, Rev. 3

193

April 2006

(•)

Westinghouse

HEMATITE DECOMMISSIONING PLAN

Coefficients for Radionuclides of Concern at the Westinghouse Hematite Facility (Ref. 8). Six
bore holes were drilled to refusal or bedrock (-30 to 35 ft), and 18 soil samples (3 depth intervals
per bore hole) were collected for Kd testing, radionuclide analysis, and general soil
characterization procedures. The bore holes were located based on site history, previous
subsurface characterization, and the gamma walkover survey. Bore hole locations are described
as follows:
* Deul's Mountain-a pile of excavated contaminated soil described in Section 2.3.4 that was
in place when the borings were performed and has subsequently been removed.
" Burial Pits-waste Burial Pits described in Section 2.5.
" Tile Barn Cistern Burn Pit-the roof of the Red Room (referring to Building 240, formerly
used for uranium conversion processes) was reportedly buried in an area south of the Tile
Barn.
" Area No. 1-this area is located inside the facility fenced area just south of the process
buildings where elevated gamma radiation was detected during the gamma walkover survey.
* Area No. 2- this area is also located inside the facility fenced area just south of the process
buildings where elevated gamma radiation was detected during the gamma walkover survey.
* Evaporation Ponds-two former waste water disposal ponds described in Section 2.3.1.
Uranium was detected in samples from the Areas No. 1 and 2 and in the shallowest sample from
the Tile Barn Cistern Burn Pit area. A summary of activities in the soil samples is provided in
Table 14-2. Selected sampling data from the Kd study were also incorporated into the RI.
Table 14-2 Activities in Soil Samples for Kd Determination
Upper Limit
of Sample
Interval

Lower Limit
of Sample
Interval

(ft)

(ft)

4

8.6

Deul's Mountain

23

Burial Pits

28
4
13
23
8
16
23
2
14
24

Location

Tilea

Pit Area

Area #1
Area #2
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U-234
(pCi/g)

U-235
(pCi/g)

U-238
(pCi/g)

Tc-99
(pCi/g)

6.14

0.26

1.48

6.6

28

1.79

N.D.

1.04

6.23

33
10
17
34
13
20

0.92
4.97
0.85
0.72
21.5
1.48

N.D.
0.18
N.D.
N.D.
1.31
0.15

0.73
1.22
0.93
0.78
12
0.93

2.84
N.D.
N.D.
N.D.
N.D.
N.D.

27
14
21
30

1.63
3
20.2
1.38

0.24
N.D.
0.66
N.D.

1.01
0.99
3.32
0.94

N.D.
2.8
13.8
0.82

1

12

218

9.8

33.6

2.52

19

24

90

4.12

14.5

1.18
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Upper Limit
of Sample
Interval
(ft)

Lower Limit
of Sample
Interval
(ft)

U-234
(pCi/g)

U-235
(pCi/g)

U-238
(pCi/g)

Tc-99
(pCilg)

27
1
11
26

31
8
16
30

75.8
11.6
1
1.14

2.67
0.45
N.D.
N.D.

6.57
2.06
0.91
0.66

0.91
2.55
2
5.86

14.2.5 Historical Site Assessment
The HSA, which was completed in 2003, assessed the potential radiological impacts of historic
operations at the site and provides a history of site activities that might have resulted in the
release of licensed material. The HSA was prepared according to MARSSIM to address the
following:
* Identify the potential, likely, and known sources of radioactive material and radioactive
contamination based on existing or derived information
* Differentiate impacted from non-impacted areas
* Identify whether or not areas pose a threat to human health and the environment
* Provide an assessment for the likelihood of contaminant migration
" Provide input to scoping and characterization surveys
14.2.6 Gamma Walkover Survey
The gamma walkover survey was performed at the Hematite site to identify the presence of lowlevel gamma radiation that could indicate the presence of natural uranium, LEU, HEU, and
thorium in surface or near-surface soils to aid in area classification and future characterization
planning at the site. The survey also attempted to locate buried trenches and other areas of
concern known or suspected to be on site. The survey was designed to cover 100% of the central
site tract and approximately 10% of the outlying land areas.
The gamma walkover survey was conducted with the intent of maximizing the use of the data
collected in future site evaluations, specifically the RI/FS. As such, survey results were used
extensively to guide sampling for the RI. The survey was designed to follow the guidance for
scoping surveys presented in Section 5.2 of MARSSIM. Survey results were used along with
other available site characterization data to aid in classification of site areas as impacted or nonimpacted.
The gamma walkover survey concluded that surface soil contamination appears to be limited to
the area in the vicinity of the plant facilities, which was in the 100% coverage area of the survey.
Surface soil contamination did not appear to have migrated from the central site tract. The report
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on the gamma walkover survey (Ref. 9) contains color-coded maps showing the survey countrate results for the entire site.
"Disturbed areas" identified from aerial photographs of the site were further investigated during
the gamma walkover survey and as part of a geophysical survey (Ref. 16) performed in 2005.
The geophysical survey collected surface magnetic data to identify buried metals and
electromagnetic data to confirm any anomalies identified with the magnetic data.
14.2.7 Characterization of Soil Underneath Facility Buildings
Soil samples were collected from eight (8) locations beneath Buildings 240, 253, 255, and 260
foundations during a site characterization effort in 2003. Bore hole and sampling locations were
selected based on input from previous employees and historical knowledge of site operations to
provide biased sampling locations most likely to be contaminated with radioactive materials.
The radiological results of the samples collected are presented in Table 14-3. Sampling and
analysis for chemical constituents of potential concern were also conducted as part of the project.
Sampling data from underneath buildings were incorporated into the RI characterization data
presented in the HematiteRadiologicalCharacterizationReport.
The following must be considered when evaluating Table 14-3:
*

Samples from the concrete foundations themselves were removed from the data set. They do
not represent the soils under the foundation.
* Data for the hard-to-detect radionuclides (Am-241, Np-237, and Pu-239) were not available
or not of sufficient quality to allow evaluation.
* There is limited data on Tc-99.
" There is limited data on U-234.
Table 14-3 Soil Samples Underneath Facility Buildings

Sample ID
BLD240-01-01
BLD240-01-09
BLD240-0l-Fill
BLD240-03-04
BLD240-03-19
BLD240-03-Fill
BLD240-04-02
BLD240-04-04
BLD240-04-Fill
BLD240-05-01
BLD240-05-02
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Units
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g
pCi/g

Tc-99
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

196

U-234
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

U-235
0.12
0.23
5.9
0.44
0.36
17.9
0.02
0.3
0.7
-0.08
-0.4

U-238
1.1
0.9
17
1.32
0.7
71
1.7
0.9
2.59
1.37
1.6
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Sample ID
BLD253-02-01
BLD253-02-04
BLD253-02-Fill
BLD255-05-Fill
BLD255-07-02
BLD255-07-15
BLD255-07-Fill
BLD255-08-01
BLD255-08-08
BLD260-06-01
BLD260-06-03
BLD260-06-FILL

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

Tc-99
NA
7.5
NA
NA
NA
NA
NA
30.2
NA
NA
NA
NA

U-234
NA
172
NA
NA
NA
NA
NA
604
NA
17.8
NA
NA

U-235
0.9
9.5
1.2
0.17
0.06
0.37
0.17
23.1
0.34
0.87
0.12
3.34

U-238
3.7
11.7
2.6
1.7
1.7
1.1
0.8
13.8
0.85
5.04
0.6
16.4

NA - not analyzed

14.2.8 Former Deul's Mountain Characterization
As described in Section 2.3.4, Deul's Mountain was a pile of soil and debris stored on site that
originated from the construction of a truck bay for the Building 256 warehouse. Although the
pile has been removed and shipped off site for disposal, characterization results are likely
representative of the soil adjacent to Building 256 and other nearby process buildings.
The gamma walkover survey found no elevated gamma radiation levels during the walkover of
this stockpiled soil; however, an area of elevated activity was identified at the foot of the pile
where a piece of sheet plastic was found protruding from the soil.
In 2002, a characterization of the soil pile was performed, as described in a report entitled
"Characterization Report for Deul's Mountain" (Ref. 69), and samples revealed the presence of
U-238, U-235, and U-234. No other isotopes were detected above natural background. The
characterization was performed by drilling 12 bore holes into the pile to a depth of 3 feet. Three
discrete samples, containing one foot of soil each (-454 g), were taken from each bore hole, with
the exception of hole HEM-3 where horizontal bores were made on the face of the pile at 1-foot,
3-foot, and 5-foot levels. The sample results from Teledyne Brown are shown in Table 14-4.
Table 14-4 Deul's Mountain Soil Sample Results
Sample

ID
HEM-1

Depth
(ft)

I

U-235

U-238

0(pCi/)
(pCi)

00p000/

9.59E-001

1
2
2

MDC

3.14E+000

1.34E-001
3.53E+000

4.77E+000

2.27E-001
4.54E+000

2.79E+000
1
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Sample
ID

HEM-2

HEM-3

Depth
(L
3
3
3
3
1
1
2
2
3
3

1
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U-235

(pCi/g)
1.63E+000

9.28E+000
9.48E-001 (AS)
3.95E+000 (AS)
3.61E+000
3.95E+000
1.42E1+000
8.06E+000
4.53E+000
6.64E+000
3.OOE-001

1

HEM-4

-1.03E+000

3
3
5
5

7.61E-001

I

7.44E+000

5.36E+000
1.58E+000
-2.OOE-001

1

HEM-5

7.55E+000

2
2
3
3

4.87E+000

1

8.28E-001

4.06E+000
6.81E-001
5.OOE+000

I
2
2
3
3
HEM-6

I
1
2
2
3
3

HEM-7

I
1
2
2
2
2
3
3
3
3

HEM-8

6.96E+000
3.92E+000
9.55E+000

U-2331234
(pCi0/)

MDC
(pCi/g)

2.20E+001 (AS)

7.72E-002

4.42E+001

4.34E-002

4.18E+001

9.37E-002

1.43E+001

2.OOE-002

3.19E+000
6.68E-001
1.42E+000
3.90E+000
8.45E+000

2.24E-001
4.47E+000
6.21E-O01
5.53E+000

2.28E+001
6.49E+000
3.32E+000
7.21E+000
3.25E+000
1.14E+001
1.59E+001 (AS)
6.16E+000 (AS)
1.41E+000
3.92E+000
1.46E+000 (AS)
4.87E+000 (AS)
2.82E+000

2
2

g.60E-001
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MDC
(pCi/g)
3.58E-001
4.70E+000
2.74E-002
5.46E-002
6.64E-001
1.14E+001
4.12E-001
9.70E+000
2.73E-001
3.21E+000
5.87E-001
9.36E+000
3.44E-001
6.35E+000
3.37E-001
3.37E-001
1.86E-001
2.01E+000
6.37E-001
4.83E+000
3.41E-001
5.63E+000
5.44E-001
1.183E+001
3.68E-001
4.87E+000

4.34E+000

1

I

U-238
(pCifg)

2.47E+000
3.88E+000
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3.78E-001
4.69E+000
3.80E-001
5.70E+000
1.26E-002
4.34E-002
1.27E-001
3.58E+000
6.68E-002
6.62E-002
2.39E-001
5.08E+000
3.67E-001
7.39E+000
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Sample
ID
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Depth

U-235
(PcL/g)

2
2

5.03E-001 (AS)

3

1.15E+000

3
HEM-9

HEM-10

1

6.31E+000

I
2
2

6.47E+000

3
3

6.72E-001

I
1
I

5.86E-001

HEM-12

2.59E+000

2
3

2.OOE+000

I
1

6.26E-001

2
2

7.25E-001

3

1.93E+000
2.2E+000 (AS)

I

7.45E-001

2
2
3
3

7.33E-001

3
3
3
3
3
3

HEM-4
HEM-6
HEM-5
BKG

BKG'

3
-

2.47E-002
2.00E-002

U-233/234
(pCilg)

MDC
00/0lg

5.51E+001

3.22E-002

5.51E+001

7.14E-002

1.60E+001

1.23E+000

5.OOE-001
-9.OOE-001

9.47E+000
4.36E-001

3.05E+001
3.35E+001

5.22E+000
2.85E-001
2.53E+000

3.75E+000

4.79E-001
6.2 1E+000

2.70E-001
3.90E+000
1.62E-002

3.64E+000 (AS)

3.22E-002
3.31E-001

9.09E+000

4.89E+000
1.43E-001

5.68E+000

2.35E+000
1.93E-001

2.21E+000

3.71E+000

2.69E+000

4.51E-001
6.98E+000

6.69E-001
5.55E+000

3
3
3

3

1.75E+000 (AS)

2.02E+000 (AS)

I
2

1.24E+001 (AS)

I

HEM-8

MDC
(Pci/sg)

6.41E-001

3
HEM-l1

U-238
(20/0g

2.26E+000
1.99E+000
2.28E+001
9.78E+000

9.81E+000
2.53E-002
5.05E-002
3.29E-001
6.71E+000
2.91E-001
3.59E+000
6.53E-001
4.29E+000

4.18E-001 (AS)
1.29E+000 (AS)

1.42E+001

4.37E-001 (AS)
2.28E+000 (AS)
6.49E+000
2.28E+001
3.19E+000
<MDC

4.34E+000
2.95E-002

7.70E-001

5.92E-001

Background sample was collected within 2 miles of the Hematite site.
AS - alpha spec.
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14.2.9 Interim Hydrogeologic Investigation of Off-site Groundwater Quality
In the summer of 2002, an interim hydrogeologic investigation (Ref. 42) was performed to
address the detection of VOCs in a number of private water wells near the Hematite site. The
purpose of the interim hydrogeologic investigation was to evaluate the extent and degree of
impacted groundwater on an expedited basis. The results of the study were used to evaluate and,
ultimately, select a time-critical removal action to address the detection of VOCs in nearby
private domestic water supply wells. The investigation also addressed monitoring for future offsite and vertical contaminant migration by installing sentry wells.
VOC analyses by a mobile laboratory indicated low levels (approximately 4 pag/L of TCE,
approximately 12 pg/L of PCE) in groundwater from one overburden well. TCE and PCE were
not detected in samples from three other overburden wells. During groundwater sampling from
packer-isolated intervals in bedrock, VOC contamination was detected in one well at the 95-105
ft BGS depth interval (within the Jefferson City-Cotter Formation). Contamination in the deeper
Roubidoux and Gasconade Formations was not detected in any of the bedrock borehole locations
during this study.
14.2.10 Hydrogeologic Investigation and Characterization
A hydrogeologic investigation was conducted at the Hematite site in 1998 (Ref. 41). Specific
activities included:
* A geophysical study to delineate the areal extent of the Burial Pit area
* Drilling of 17 borings, which were subsequently completed as monitoring wells or piezometers
* Physical and chemical analyses of soil and groundwater samples collected from the boreholes
and monitoring wells, respectively
* Slug testing in selected wells. The wells installed during this investigation were located
within the vicinity of Hematite facility. Most were completed in the overburden, while two
piezometers and two monitoring wells were installed in bedrock (60 ft BGS depth).
The geophysical study of the Burial Pit area showed numerous disposal trenches detected as
anomalies in the geophysical data. The study also indicated that disposal trenches detected by the
instruments contained ferrous materials. Areas where no anomalies were detected could indicate
the absence of disposal trenches or that the geophysical instruments used could not distinguish
between the buried materials in these areas and the surrounding soil. A high percentage of the
buried ferrous material is present within 10 ft of the surface.
The investigation identified five hydrostratigraphic units based on borehole logs and physical
tests on soil samples. These units were:
* A near surface silt/silty clay, which consisted of a brown/gray firm and friable silt that
typically graded to a moderate yellowish-brown silty clay
" A fat clay, which consisted of a firm to very firm, gray/olive-gray plastic soil
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" A deeper silty clay/clay, which consisted of a slightly firm, slightly plastic, olive gray/gray
soil
" A clayey/silty/sandy gravel
" The Jefferson City Formation, the first bedrock formation encountered at the site (refer to
Sections 3.5 and 3.7 for a more detailed discussion of site geology and hydrology).
Average hydraulic conductivities measured in the different hydrostratigraphic units were:
0 3 x 10-5 cm/sec for the near-surface silty clay
* 80 x 10-5 cm/sec for the deeper silty clay layer
o 600 x 10-5 cm/sec for the sandy gravel layer (result from one well)
a 1 X 10- cm/sec for unfractured bedrock
* 80 x 10- cm/sec for fractured bedrock
In soil samples, results of VOC analyses showed concentrations of PCE that were near the
detection limit (5 jg/kg), with the exception of one blind duplicate sample. TCE was not
detected in any of the soil samples. The inconsistency between the duplicate samples (one blind
duplicate exhibited elevated levels of TCE and PCE) was attributed to sample heterogeneity or
laboratory error.
In groundwater, TCE and PCE were detected at levels above 50 jig/L (430 and 350 jig/L,
respectively) in one bedrock well and in one well screened within the deeper silty clay and sandy
gravel layers (20,000 and 4,400 pg/L, respectively). TCE and PCE in the rest of the
groundwater samples were either below the detection limit of 5 jig/L or were less than 50 Vag/L.
The measured radioactivity was deemed to be approximately at background levels, although a
statistical analysis of the data was not conducted.
In stream sediment, VOCs were below the quantitation limit (4 jig/kg) and radioactivity was not
detected at levels above background in samples collected from two locations (one from the Site
Creek downstream of the Site Pond dam and the other from the Northeast Site Creek). PCE was
detected near the detection limit (5 pg/L) in the surface water sample collected from the Site
Creek. VOCs and radioactivity above background were not detected in the other surface water
samples collected from Joachim Creek and the Northeast Site Creek.
14.2.11 Exploratory Probe-hole Investigation for the Evaporation Ponds
A probe-hole investigation was conducted in the Evaporation Pond area (Ref. 70). Seven
shallow probe holes (4 ft deep) were advanced within the berm area of the ponds primarily to
determine the thickness of the gravel/crushed limestone surface layer. Four deeper probe holes
(20 ft deep) were drilled immediately adjacent to the Evaporation Ponds to determine gross alpha
and total uranium levels in soil. Gross alpha activities, which were elevated relative to
background, were detected in some of the samples, ranging from 90 to 744 pCi/g. The samples
with elevated gross alpha activities were taken at depths of 5 ft BGS or less. Total uranium
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activity was detected in some of the samples, ranging from 5 to 534 pCi/g. As in the gross alpha
measurements, the samples with detectable total uranium activity were from depths less than 5 ft
BGS.
14.2.12 Investigation of Tc-99 in Monitoring Wells WS-17 and WS-17B
An investigation was conducted to determine the source of Tc-99 in overburden monitoring
wells WS-17 and WS-17B (Ref. 44). (See Figure 3-11 for location of WS-17B. WS-17 was
located just south of WS-17B and was abandoned in 1996.) A previous assessment had
identified the Evaporation Ponds as a potential source of Tc-99 contamination in WS-17 and
WS-17B. However, updated groundwater contour maps showed groundwater flow directions
that were inconsistent with this hypothesis and that the more likely source would be located
north of WS-17 and WS-17B. Potential sources in this area were the spent limestone pile, the
uranium recovery area, and a former ring storage area (located immediately east-northeast of
Building 252, refer to Figure 4-2). Twelve probe holes were drilled to approximately 15 ft deep
in the vicinity of these suspected sources. Subsurface soil samples from the probe holes and colocated surface samples were analyzed for gross beta activity. Temporary groundwater
monitoring wells were installed in the probe holes, which enabled groundwater level
measurements and the collection of groundwater samples for gross beta and Tc-99 analysis using
liquid scintillation counting. These monitoring wells were abandoned upon completion of the
field investigation.
Based on the groundwater contour map constructed from water levels in the temporary wells, it
was concluded that the Tc-99 might have entered the groundwater system within the former ring
storage area and traveled down gradient toward WS-17AVS-17B. The distribution of gross beta
activity in the temporary wells generally supported this hypothesis, with gross beta activity being
highest directly underneath the former ring storage area. Gross beta activity in a few surface soil
samples from this area were also elevated; however, gross beta activity in the subsurface soil
samples could not be distinguished from the established background. The spent limestone pile
and uranium recovery area (area where uranium was extracted from cuno filters; exact location
not clear from the report) were deemed to be unlikely sources of Tc-99. Based upon site-specific
groundwater flow information and groundwater quality data, the investigation concluded that it
is doubtful that elevated gross-beta concentrations from Tc-99 would reach Joachim Creek
before diluting to background concentration.
14.2.13 Removal Action for Former Evaporation Ponds
A radiological characterization of the former Evaporation Ponds was performed in 1992 (Ref.
71). Information gathered from this study was used to develop a source term for risk evaluation.
Because of the residual contamination present in the ponds, CE decided to remove soil from the
Evaporation Pond area (see Section 2.3.1).
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14.2.14 Preliminary Assessment of the Hematite Site
A report (Ref. 72) was prepared for Region 7 of the EPA that discusses the Hematite site's
physical characteristics, potential waste sources, surrounding residential areas and water sources,
and groundwater and surface water characteristics. The groundwater assessment was based on
regional data, and no new field studies were conducted in preparation of this report.
14.2.15 Radiological Survey of the Hematite Burial Pits
A radiological survey of the Burial Pits (Ref. 73) was conducted in the spring and summer of
1982 under a NRC contract. External radiation levels were measured and samples were
collected to determine radionuclide concentrations in air, groundwater, and surface water.
Results of surface soil sampling indicated low-level surface contamination that might have
resulted from past burial activities or from airborne (i.e., stack) releases. Activities for U-234
ranged from 2 to 47 pCi/g, as estimated from U-238 activity that ranged from 1.7 to 4.9 pCi/g,
assuming an activity ratio of 10. The activity ratio was estimated from a 4% average enrichment
in five samples that were analyzed for isotopic uranium using alpha spectroscopy.
Results of subsurface soil sampling (deepest sample at 13 ft) showed the highest U-234 activity
in the Burial Pits was approximately 400 pCi/g, as estimated from measured U-238 activity of 38
pCi/g and a U-234/U-238 activity ratio of 10. Subsurface contamination was evaluated by
extensive logging of holes drilled through and around the burialsite, using both a 1" x 1"NaI
(TI) detector and an intrinsic germanium detector. A total of 14 holes were drilled on the burial
site, 10 of which were lined with 4-in. PVC casing for logging. The other 4 holes were lined
with 2-in. slotted casings for use as water sampling wells. For three of these holes, cores were
taken during drilling activities. Each core was dried and counted in a manner identical to the
surface soil samples. In addition, four core samples were sent to an analytical laboratory for
duplicate gamma spectral analysis and uranium determinations using alpha spectroscopy. Each
bore hole was logged with the NaI(T1) detector to identify areas of increased gross activity, and

then the germanium detector was used at selected locations to quantify and qualify the increases.
In the groundwater and surface water samples, only one groundwater sample collected from a
borehole showed gross alpha activity exceeding 15 pCi/L (the drinking water limit at the time).
Gross beta activity exceeding 50 pCi/L was found in 5 of the 22 samples, 3 of which came from
a borehole near the Evaporation Ponds.
Results of the external radiation surveys indicated detectable levels above background in the
northwest comer of the Burial Pit area adjacent to the old security fence. It was determined that
these levels were due to containers of UF 6 routinely stored in an area next to the fence line rather
than buried material.
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14.3

Remedial Action Support Surveys

14.3.1 General
Radiation surveys will be conducted to 1) support remediation activities, 2) determine when a
survey unit is ready for the final status survey, and 3) provide updated estimates of parameters
used for planning the final status survey.
Soil survey activities designed to support decommissioning are described in the Hematite Soil
Survey Plan.
14.3.2 Survey Design
Random and biased surveys will be performed. Biased sampling will be based on results of
historical surveys, walk-downs, historical use of the area, and professional judgment.
14.3.3 Conducting Surveys
Support surveys will include one or more of the following:
* Surface scans-Surface scans will be used in soil areas to identify elevated activity.
" Fixed measurements-An alternative to scanning is to perform discrete point (fixed)
measurements comparable to the scan coverage required by the area classification.
" Sampling-Samples of material will be collected to identify and quantify radionuclide
concentrations.
14.3.4 Evaluating Survey Results
Survey data (e.g., surface activity levels and radionuclide concentrations in media) will be
converted to standard units and compared to the operational DCGLs. If results of these surveys
indicate that remediation has been successful in meeting the operational DCGLs,
decontamination efforts will cease. Otherwise, remediation will continue until survey results
indicate that operational DCGLs have been met.
14.3.5 Instrumentation
Typical instruments that might be used for field scanning and sample analysis are described in
Tables 14-5 and 14-6 in Section 14.4.3. To demonstrate that field screening should be capable of
detecting residual radioactivity in soil at the operational DCGLs, a report was prepared to
investigate methods and instruments capable of performing the final status survey for Hematite
(Ref. 13). This evaluation was needed because some of the identified radionuclides are not
readily detected using conventional methods due to the low-energy photons and the low-decay
abundance. The varying mix of radionuclides throughout the site has been evaluated as part of
the site characterization. These data were used for establishing the distribution of radionuclide

DO-04-004, Rev. 3

204

April 2006

(9)

Westinghouse

HEMATITE DECOMMISSIONING PLAN

contaminants for the different areas of the site. The distributions showed that the principal
radionuclide(s) that contributed to the total contamination and DCGL contribution varied
significantly in different areas. Examining the decay characteristics, U-235 and U-238 are the
likely radionuclides to be used as surrogates for performing the radiation scan as required by
MARSSIM for final status surveys. Therefore, modeling was performed so that an accurate
representation of a detector's ability to respond to the radiation throughout the site could be
determined. All photons from the radionuclides were modeled; however, the most prominent
photons were used to determine if an energy window could be used to enhance detector
performance for the radionuclide mix.
Numerous detectors were evaluated for modeling, and, based on a review of detection
characteristics, four were selected for detailed modeling/evaluation. The detectors modeled were
considered off-the-shelf instruments and included a Cadmium Zinc Telluride, a Field Instrument
to Detect Low Energy Radiation (FIDLER), a High Purity Germanium, and a conventional 2" x
2" NaI(T1).
The Monte Carlo N-Particle radiation transport code, version 5, was used for establishing a
correlation between a source, as defined by the radionuclide distribution in each area, and each
detector. The modeling of source and detector geometry was used for establishing the
corresponding detection efficiency. The results of this modeling yielded correlations for the
evaluated detectors in terms of counts per minute per pCi/g for radionuclides of interest. This
modeling included the key radionuclides identified at the Hematite site, including Np-237, U234, U-235, U-238, Th-232, Am-241 and Pu-239. Short-lived progeny were included. The
contributions based on identified radionuclide abundances for specific areas at the site were
evaluated for determining detector response as a function of gamma energy.
Using techniques detailed in MARSSIM, the minimum detectable count rate and the
corresponding minimum detectable activity were determined for each detector and related to the
specific area at the Hematite site. It was found that use of U-235 and/or U-238 as surrogates was
appropriate in the majority of areas. Observation intervals (scan speeds) ranging from one to ten
seconds were investigated to determine the effect the different intervals had on the detection
percentage of the DCGL. This information gave an indication of what observation interval could
be used for improving the detection levels while minimizing scan times.
Background count rates were varied from 500 cpm to 10,000 cpm to determine the percentage of
the DCGL that would pass at different observation intervals. The results of these evaluations
support a conclusion that setting an appropriate energy window on a FIDLER-type detector
greatly increases scanning efficiency (i.e., lower detection level) and a FIDLER-type detector
can likely be used for performing MARSSIM scan surveys for most of the areas.
The report concluded, in summary, that field measurements and correlation of the modeled data
and instrument response to the actual radionuclides would be beneficial in providing the
necessary confirmation checks. The required DCGL should be able to be detected with a
properly set up FIDLER detector in most of the areas with a reasonable scan time if the
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background could be maintained low. Variability is expected, and the scanning should be able to
use surrogate radionuclides to successfully get an indication of activity present in soil.
The next step undertaken was to conduct field studies for the purpose of refining the modeling,
evaluating actual background levels, and demonstrating the capabilities of the recommended
methods. The results of this study are provided in Reference 14. Three different detectors were
tested. The three detectors used were a Ludlum 44-10 2"x 2" NaI(T1), an Alpha Spectra Fidlerl
with a beryllium window, and a Scionix Fidler-type detector with an aluminum window.
The evaluation consisted of a detailed study in a controlled test environment and data collection
in several outside areas around the site. The test environment consisted of five B-12 boxes filled
Concentrations previously had been
with homogenized soil of known concentrations.
determined through detailed sampling and analysis. The field part consisted of measurements
collected at five locations from areas in the west and southwest areas of the site. These locations
were selected to reflect a combination of background and likely impacted areas.
From the initial modeling study, it was determined that a properly set-up Nal detector with a
reasonable scan speed and reasonable background should be able to achieve detection capability
consistent with DCGL values for many of the areas. The results of the field study supported the
conclusions of the initial study and further support the feasibility of using spectral scanning for
enhancing the scanning MDC for decommissioning surveys at Hematite. With a multi-channel
analyzer and the ability to remove the Compton interference, the effect of background variation
can be addressed (via Compton subtraction) and improved detection capability can be realized,
much more so than simply using gross count mode.
Development of instrumentation is continuing to determine the specific instrument and detector
configuration that will be used to conduct the final status survey measurements for soils. The
results of the studies conducted to date indicate that adequate detection sensitivities can be
achieved for scan surveys of soils. If necessary for specific areas of the site, the number of
samples will be increased in accordance with the provisions of Section 5.8 of the Hematite Soil
Survey Plan (Ref. 5) to account for a scan detection sensitivity that is higher than the required
operational DCGLs.
14.4
14.4.1

Final Status Survey Design
Overview

The final status survey plan for soils is described in the Hematite Soil Survey Plan. Final status
survey reports will be prepared and submitted after the final radiological surveys have been
completed. For license termination, the final soil survey design will encompass the entire
property. The final status surveys for soil will be designed using the guidance contained in
MARSSIM. The surveys will demonstrate that the residual radioactivity in each survey unit
satisfies the applicable release criteria, as described in Sections 1.5 and 5.0 of this DP. The
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surveys will provide data to demonstrate that radiological parameters do not exceed the
operational DCGLs.
For any specific soil remediation area, the operational soil DCGLs will be based on either the
volumetric or surface soil DCGLs. A combination of the two DCGLs will not be used within a
single remediation area.
Survey Design
The final status survey designs will begin with the development of data quality objectives
(DQOs). The DQOs will be developed using guidance provided in the DQO process in
Appendix D of MARSSIM. On the basis of these objectives and the known or anticipated
radiological conditions at the site, the numbers and locations of measurement and sampling
points used to demonstrate compliance with the release criterion will be determined. Finally,
survey techniques appropriate for development of adequate data will be selected and
implemented.
The final status survey design for soil remediation is described in Section 5.0 of the Hematite
Soil Survey Plan.
Radionuclides of Concern
The principal radionuclides of concern at the site are Tc-99, Th-232, U-234, U-235, and U-238.
Transuranic radionuclides Am-241, Np-237, and Pu-239/240 are secondary radiological
contaminants, because they are likely to be present only in trace concentrations. (See discussion
in Section 5.0.)
Derived Concentration Guideline Levels (DCGL)
Sections 1.5 and 5.0 discuss the DCGLs that will be used to design the final status surveys.
Additional information on the use of DCGLs is provided in the Hematite Soil Survey Plan.
Classification of Areas Based on Contamination
Individual areas of the site do not have the same potential for contamination and, accordingly, do
not need the same level of survey coverage to demonstrate that residual radioactivity in the area
satisfies the applicable criteria. Surveys will be designed so that areas with higher potential for
contamination receive a higher degree of survey effort. Survey designs fall into one of two
categories, non-impacted and impacted. In the interest of conservatism, all soil areas on the
Hematite site are being treated as impacted areas, i.e., have some potential for containing
residual contamination. Impacted areas are subdivided into three classes according to known or
suspected levels of contamination with regard to the classification guidance of MARSSIM.
Specific and thorough consideration is given to site operating history and/or known
contamination based on site characterization.
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" Class I areas have, or had prior to remediation, a potential for radioactive contamination
(based on facility operating history) or known contamination (based on radiological surveys).
Areas that are suspected of containing contamination in excess of the operational DCGLs
will be classified as Class 1.
" Class 2 areas have, or had prior to remediation, a potential for radioactive contamination or
known contamination but are not expected to exceed the operational DCGLs.
• Class 3 areas are potentially impacted but are not expected to contain any residual
radioactivity or are expected to contain levels of residual radioactivity at a small fraction of
the operational DCGL, based on site operating history and previous radiological surveys.
These are areas with very low potential for residual contamination but insufficient
information to justify a non-impacted classification.
Class 1 areas have the greatest potential for contamination and, therefore, receive the highest
degree of survey effort, followed by Class 2, and then Class 3 areas. Proposed Class 1, 2, and 3
areas for soil at the Hematite site are shown in Figure 4-1 and described in the Hematite Soil
Survey Plan. Survey areas will be further subdivided into survey units in accordance with the
guidance in MARSSIM as described in the Hematite Soil Survey Plan. The proposed survey
units for the Class 3 area are also shown in Figure 4-1.
14.4.2 Investigation Levels
Radionuclide-specific investigation levels will be used to indicate when additional investigations
might be necessary. The investigation levels will also serve as a quality control check for the
measurement process. The investigation levels to be used at the site are provided in Table 14-5.
Table 14-5 Final Status Survey Investigation Levels
Survey Unit

Classification
Class 1

Class 2

Investigate When Sample Result:

Investigate When Scanning

Measurement:
>operational DCGLEMC

>operational DCGLEMC or
>operational DCGLw and > mean +
3 std. dev.
>operational DCGLw
>operational DCGLw or
_>MDC

Class 3

>fraction of operational DCGLw

>operational DCGLw or
>MDC

A measurement that exceeds an investigation level might indicate that the survey unit has been
improperly classified or it might indicate a failing instrument. When an investigation level is
exceeded, the first step will be to confirm that the initial measurement/sample actually exceeds
the particular investigation level. This might involve taking further measurements to determine
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that the area and level of the elevated residual radioactivity are such that the resulting dose or
risk meets the release criterion.
Once it is confirmed that a survey unit fails to demonstrate compliance with the release criterion,
the process described in Section 8.5.3 of MARISSM will be followed. If additional sampling is
determined to be appropriate, the double-sampling approach in Appendix C of NUREG-1757,
Vol. 2 will be used. If more than one round of additional sampling is determined to be
appropriate, a justification will be prepared and submitted to the NRC for approval. Site-specific
information will be reviewed to fully evaluate the possible reasons for failure, their causes, and
their remedies. The DQO process (described in Section 3.0 of the Hematite Soil Survey Plan)
will be used to identify and evaluate potential solutions to the problem. Alternatives will be
evaluated against the DQOs, and a survey design that meets the objectives of the project will be
selected.
14.4.3 Instruments and Methods
Measurement techniques used to generate data during surveys can be classified into four
categories commonly known as scanning surveys, direct measurements, sampling, and fixed
measurements. These techniques will be combined in an integrated survey design. Descriptions
of these techniques are as follows:
" Scanning surveys will be performed to identify areas of elevated activity that might not be
detected by other measurement methods. Scanning will be performed on structure surfaces
and land areas. Structure surfaces will be scanned for both alpha and beta/gamma radiations.
Land areas will be scanned for gross-gamma radiation.
" Direct and removable measurements will be made to determine average activity in a survey
area or unit. These measurements will only be made on structural surfaces and will be
limited to alpha and beta/gamma measurements.
* Sampling will be limited to land areas. Samples of soil will be collected and analyzed for the
radionuclides of concern, as applicable.
• Fixed measurements might be used to supplement scanning surveys for the identification of
small areas of elevated activity.
Typical instrumentation that might be used to generate measurement results is listed in Table
14-6 (field instruments) and Table 14-7 (laboratory instruments). Other instrumentation meeting
requisite detection capabilities can be used provided it meets quality objectives for calibration,
operability, and detection capability. Sensitivities for scanning techniques are based on
movement of the detector over the surface at one detector width per second and use of audible
indicators to sense changes in instrument count rate.
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Table 14-6 Typical Field Instruments for Performing Final Status Surveys

Instrument Type
Scintillation (Ludlum 2224)
scaler/rate meter with 43-89
probe
Micro-R meter (Ludlum) I"
x I" NaT detector
3" x Y" Nal scintillation
detector digital scaler
2

100 cm gas flow (43-68)
digital scaler'

Radiation
Detected
Alpha
Beta
Beta
Gamma
Gamma

Scale/Range
0-500,000 cpm

0-3,000 ItR/h or 05,000 pR/h
0-500,000 cpm

Typical Background

Typical MDA
95% confidence level2'3
2

Usage

<10 cpm
-750 cpm closed
-1,500 cpm open
7 pR/h

100 dpm/100 cm (direct)
1,600 dpm/1 00cm (direct)
5,100 dpm/100 cm 2 (scan)
1-2 ptR/h

General characterization4
and final status survey

2,500 cpm avg. shielded

250 cpm

General characterization4

7,000 cpm avg. unshielded

500 cpm

<t0 cpm
-750 cpm closed
-1,500 cpm open
<200 cpm

100 dpm/100 cm 2 (direct)
1,600 dpm/i 00 cm (direct)
7,100 dpm/100 cm2 (scan)
2,300 cpm

General characterization 4
and final status survey

General characterization 4

0-500,000 cpm

Ludlum 2" Geiger-Mueller

Alpha
Beta
Beta
Beta

tube (Pancake)

Gamma

720 cpm=0.2 mR/h

5" plastic scintillation
detector with multi-channel
analyzer
2" x 2" or 3" x 3" Nal
scintillation detector w/
multi-channel analyzer for

Beta

N.A.

TBD'

TBD'

General characterization4

Gamma
spec

N.A.

TBD'

TBD'

Final status survey,

Alpha
Beta

0-500,000 cpm

TBD'

TBD'

Final status survey?

Gamma

0 to 10 R/h

Background ofits environment

-0.1 jiR/h

Environmental gamma

Accuracy - 5% at 10 I.R/h
2

exposure rate

0-500,000

General characterization 4

down-hole analysis

Floor monitor w/ gas
proportional detector and
scaler/rate meter (Ludlum)
Pressurized ion chamber
(Reuter-Stokes IIPIC)

Bicron AB-100 scintillation
probe

Alpha
Beta
Beta

lNoles:

0-500,000 cpm

<10 cpm
-750 cpm closed
-1,500 cpm open

70 dpm/I00 cm (direct)
850 dpm/100 cm (direct)
3,900 dpm/100 cm 2 (scan)

General characterization4
and final status survey

= 0~tboeMDA
determined
prior static
to initial
use and calibration.
2 Instrument
based upon
measurements,
1 min. count times unless otherwise noted.
2
4
5

Instrument MDA depends upon background.
Characterization instrument, might include non-quantitative uses.
Final status survey method or can be used in support of final status survey.
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Table 14-7 Typical Laboratory Instruments for Performing Final Status Surveys

Instrument iype

Radiation
Detected

ScalelRange

Typical Background

MDAlevel4
95%Typical
confidence

Usage

Ludlum Model 2929

Alpha
Beta

0-99,999,999 cpm

0.2 cpm
45 cpm

3 dpm
50 dpm

General characterization 2

Tennelec LB5 100 computer-

Alpha

0-99,999,999 cpm

<0.3 cpm

0.4 dpm

General characterization 2

based auto sample counter
Waste counter - computer
linked MCA
3" x 3" Nal (TI) detector
5" slide-drawer ZnS
scintillation counter

Beta
Gamma

1.5 cpm
TBD' pCi/g total U
TBD' pCi/g Th (Natural)

1.5 dpm
TBD' pCi/g total U
TBD' pCi/g Th (Natural)

Waste characterization

Alpha

0-500,000 cpm

<0.3 cpm

2 dpm

General characterization 2

Shielded, high-resolution,
solid-state gamma detector w/
multi-channel analyzer for soil
in Marinelli beaker or similar
container
Shielded, high-resolution,
solid-state alpha detector w/
multi-channel analyzer for
radionuclides chemically
separated from sample
Photon Electron Rejecting
Alpha Liquid Scintillation
(PERALS) counter
ORDELA, Inc. Oak Ridge, TN

Gamma spec

N.A.

N.A.

2
General characterization
and final status survey 3

Alpha spec

N.A.

N.A.

Alpha

N.A.

N.A.

Kinetic phosphorescence
analyzer

Total U
(mass)

N.A.

N.A.

Low in comparison to typical
naturally occurring
concentrations of nuclides of
interest that are measurable by
this method
Low in comparison to typical
naturally occurring
concentrations of nuclides of
interest that are measurable by
this method
Low in comparison to typical
naturally occurring
concentrations of nuclides of
interest that are measurable by
this method
Low in comparison to typical
naturally occurring
concentrations of nuclides of
interest that are measurable by
this method

Notes:

General characterization 2
and final status survey 3

General characterization 2
and final status survey 3

General characterization 2
and final status survey 3

=to bedetermine
prior to initial use and calibration.
2 TBD
Characterization
instrument.
3 Final status survey method or can be used in support of final status survey.
4 Instrument MDA depends on background.
2
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14.4.4 Reference Areas
Off-site, non-impacted areas were selected for obtaining background (reference) soil samples to
be used to estimate background gamma count rates and soil concentrations for uranium, thorium,
and other naturally occurring radionuclides potentially present at the Hematite site. Soil samples
were collected at fifteen (15) locations at two off-site reference areas. Eight (8) sample locations
were along State Road P approximately 2.5 miles southeast of the site. This area is
representative of the terrace strata on the Hematite site. Seven (7) sample locations were at the
U.S. National Guard armory site located northeast of the Hematite site near the junction of State
Road P and State Road A. This area is representative of the alluvial strata on the Hematite site.
Figure 14-1 is a map showing the background reference area sampling locations.
A total of thirty-two (32) background soil samples were collected from the two reference areas
for laboratory analysis. Fifteen (15) of the samples were grab samples collected from 0 to 0.5
feet bgs, and fifteen (15) were composite samples collected from 1 to 4 feet bgs. Two (2)
duplicate samples were also collected. The soil samples were scanned with Geiger-Mueller and
NaI detectors to provide background count rate information for field screening of subsurface soil
cores during the site characterization described in Section 14.2.1.
Background soil samples were analyzed for isotopic uranium, isotopic thorium, isotopic
plutonium, and Np-237 using alpha spectroscopy. Samples were also analyzed by gamma
spectroscopy. Sample results for the background reference areas are shown in Appendix J. Plots
are provided for each of the background radionuclides and are grouped by decay chain, as
applicable. The results are plotted in order from lowest to highest concentration. The MDL is
also plotted for the radionuclides.
Maximum and average radionuclide concentrations in the background reference areas are
summarized in Section 4.3.4. No analysis was conducted for Tc-99 because this radionuclide is
assumed to be zero for background concentration.
Field duplicates, matrix spikes, matrix spike duplicates, and rinsate blanks were collected and
submitted to the analytical laboratory to provide a means to assess the quality of the data
resulting from the field sampling program.
The background reference for structural surfaces will be determined at the time of the survey as
part of instrument calibration.
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14.4.5 Reference Coordinate System
Reference coordinate systems will be used to facilitate selection of measurement and sampling
locations and to provide a mechanism for relocating a survey point. Land area scanning surveys
and soil sample locations will be referenced to State Plane.
14.4.6 Summary of Statistical Tests
Measurements from a survey unit will be compared to equivalent measurements from the
reference areas. In general, the comparison will be whether the survey unit exceeds the reference
area by more than the DCGL. The MARSSIM Wilcoxon statistical test will be used unless
otherwise indicated and justified. Additional information on statistical tests and associated Type
I and Type II errors is provided in Section 5.2.2 of the Hematite Soil Survey Plan.
In addition, an elevated measurement comparison will be performed against each measurement
in a Class 1 unit to ensure that the measurement result does not exceed the specified investigation
level, i.e., the DCGLEMC. If any measurement exceeds the DCGLEMc, then additional
investigation will be completed regardless of the outcome of the statistical test.
14.4.7 Control and Handling of Samples for Laboratory Analysis
Sample collection and laboratory analyses will be conducted in accordance with written
procedures. A written chain-of-custody procedure will be used to ensure integrity of samples
and data from sample collection through data reporting.
14.4.8 Control of Areas that have Completed Final Status Survey
Controls will be established to maintain the integrity of a survey unit upon completion of the
final status survey to ensure the integrity of the data collected. This will include considerations
of the possibility of cross contamination of the survey unit by effluent pathways, personnel,
vehicle access, etc. If necessary, the final status survey will be delayed or repeated if it is not
possible to confirm the integrity of the remediated area due to ongoing remediation activities.
14.5 Final Status Survey Report
A report will be prepared to document the final conditions of the site. The report will include
information concerning:
*
"
"
"

Review of the data quality objectives and sampling design
An overview of the results of the final status survey
A discussion of any changes that were made in the survey from what was proposed in the DP
A description of the method by which the number of samples was determined for each survey
unit
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" A summary of values used to determine the number of samples and justification for these
values
* The survey results for each survey unit including:
Number of samples taken for the survey unit
- A map or drawing of the survey unit showing the reference system and random start
systematic sample locations
-

Measured sample concentrations

Verification that measured radionuclide ratios correspond to survey design assumptions
- Statistical evaluation of measured concentrations
Judgmental and miscellaneous sample data sets reported separately from those samples
collected for performing the statistical evaluation
- A discussion of anomalous data including any areas of elevated direct radiation detected
during scanning that exceeded the investigation level or measurement locations in excess
of the operational DCGLw
- A statement that a given survey unit satisfied the operational DCGLw and the elevated
measure comparison if any sample points exceeded the operational DCGLw
- A description of any changes in initial survey unit assumptions relative to the extent of
residual radioactivity
* Results of investigations, including causes and impacts of any failed survey units
" QA documentation for analysis results and M&TE
" A summary of conclusions
-
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15.0

FINANCIAL ASSURANCE

The Westinghouse Electric Company established and submitted to the NRC a Decommissioning
Funding Plan for the Hematite site. In June 2005, this funding plan was increased to
$58,839,000 based on the decommissioning forward cost estimate. An updated Continuing
Certification of Financial Assurance was provided with the plan revision. The funding plan is
based on a realistic estimate of the costs associated with the radiological issues for
decommissioning the site. Based on characterization information, a decommissioning cost
estimate update was provided to the NRC by letter dated May 11, 2005. In response to
comments provided by the NRC during a January 25, 2006 public meeting at NRC headquarters,
a revised detailed cost estimate to support the funding level has been prepared and will be
submitted under separate cover. Because the work has proceeded since the previous cost
estimate, the new estimate is $46,842,937. Upon approval of the revised cost estimate,
Westinghouse will revise the financial instruments to reflect the approved cost estimate.
A financial assurance mechanism in the form of a Letter of Credit and the associated Standby
Trust have been established and provided to the NRC in accordance with regulatory
requirements.
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Appendix A

Boring Logs

Appendix B

Slug Tests and Pump Tests

Appendix C

Soil and Groundwater Graphical Data Review

Appendix D

Evaluation of Soil Characterization Gamma Spectroscopy Results

Appendix E

Soil Characterization Results in the Central Site Tract and Perimeter Area

Appendix F

Soil Characterization Results in the Outlying Land Areas

Appendix G

Surface Water Characterization Results

Appendix H

Surface Water Sediment Characterization Results

Appendix I

Groundwater Characterization Results

Appendix J

Background Reference Area Characterization Results
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