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W@ A GENERAL ATOMICS COMPANY

RE: 0604-N
January 31, 2006

FedEx

U.S. Nuclear Regulatory Commission
ATTN: Mr. Myron Fliegel, Senior Project Manager
Fuel Cycle Facilities Branch
Division of Fuel Cycle Safety
And Safeguards, NMSS
Two White Flint North
11545 Rockville Pike
Rockville, MD 20852-2738

Subject: Sequoyah Fuels Corporation, Docket — 40-8027
Response to Draft Safety Evaluation Report — Reclamation Plan
(TAC L52511)

Dear Mike,

Your letter dated September 19, 2005 identified open issues (Ol) and
confirmatory items (Cl) on the Reclamation Plan that resulted from developing
your draft Safety Evaluation Report (SER). Please find enclosed with this letter
SFC responses to the Ols and Cls identified in your letter. Also enclosed are the
resulting change pages for the Reclamation Plan and associated documents.
Please update your Reclamation Plan with the revised pages.

Once your staff has had time to review these responses, SFC is prepared to
meet with you to resolve any outstanding issues that may impede development
of your final SER.

If you have any questions, don't hesitate to call me at (918) 489-5511, ext. 13.

Sincerely,
John H. Ellis
President
Enclosure
XC: Alvin Gutterman, MLB Jeanine Hale, CN
Rita Ware, EPA Trevor Hammons, OAG
Toby Wright, MFG Saba Tahmassebi, ODEQ
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Enclosure 1

Sequoyah Fuels Corporation
Draft Safety Evaluation Report
Open Issues and Confirmatory Items

Open lssues

OL.01 The licensee needs to provide an analysis regarding the potential for Stream 005 to

encroach upon the foot or apron of the proposed cell. (SER Section 2.4.2)

Response:

The catchment basin draining to Stream 005 was reduced during operation of the SFC
facility, and will be significantly reduced after construction of the disposal cell. In addition,
outcrops of Pennsylvanian Period Atoka Formation sandstone and shale along the bed of
Stream 005 indicate limited scour of the stream. Therefore, it is unlikely that headward
erosion of the stream would impact the disposal cell.

However, in accordance with Ol.18, a rock apron has been included in the disposal cell
design to protect against headward erosion from Stream 005, and sized according to
procedures specified in NUREG 1623. The rock apron will be constructed at the point
where runoff from the west slope of the disposal cell discharges into the east end of
Stream 005. This apron is shown in the Drawings (Reclamation Plan Attachment A). The
design calculations are presented in Appendix D of the Disposal Cell Construction Plan
(Reclamation Plan Attachment E) and summarized below.

Scour depth was estimated using the procedures presented in the U.S. Department of
Transportation, Hydrologic Engineering Circular 14 (US DOT, 1975). For this calculation,
runoff from the west slope of the disposal cell and overland flow from approximately 1.5
acres to the west of the disposal cell discharge at the head of Stream 005. The maximum
scour depth is estimated to be approximately 5.4 feet deep. Drill holes near the head of
Stream 005 (BH-42 and BH-47) show shale bedrock at a depth of less than 7 feet.

A rock apron (located directly downstream of the perimeter apron in this area) was
designed to protect the disposal cell from headward erosion of Stream 005. The rock

‘apron will be keyed into underlying shale and constructed with the perimeter apron rock.

0Ol.02 The licensee needs to provide information characterizing the shear strength of the

colluvium if such information is needed to resolve the open issue regarding the stability of
the natural slopes identified in Section 3.3. (SER Section 3.2.1.1) .

Response: '

The natural slopes in the area are less than 10 percent and covered by a relatively thin
veneer of terrace deposits (described in the Reclamation Plan as alluvial and colluvial
deposits). As shown in Figures 7-2 through 7-8 of the Hydrogeological and Geochemical
Site Characterization Report (SMI, 2001), the slopes have less than 10 feet of alluvial
terrace deposits. Because of the relatively thin mantle of alluvial soils and excavation of
most of these soils for site cleanup, disposal cell construction would have a limited impact
on the stability of the natural slopes.
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Weathered soils and terrace deposits in the site area have been sampled and tested for
evaluation of embankment construction material. Borrow material investigation reports on
these soils include HC (1980), PSI (1990) and GGH (1997). Laboratory testing data
indicate the plasticity index varies from approximately 10 to 30 percent. Correlations
between plasticity index and shear strength of normally consolidated clays indicates the
average shear strength is between 28 and 32 degrees, and values within one standard
deviation are between 25 and 38 degrees (Bowles, 1988, and Lambe and Whitman, 1969).

0O1.03 The licensee needs to provide an evaluation of the stabilify of the natural slopes under

seismic and long-term static conditions. (SER Section 3.3.1)

Response:

Stability analyses of the natural slopes have been evaluated, with the results summarized
in Appendix F of the Disposal Cell Construction Plan (Reclamation Plan Attachment E).
Using a conservatively low shear strength for the natural soils of 25 degrees (as discussed
in the Response to O1.02 above), the rinimum calculated factor of safety for static
conditions is 2.48 and for pseudostatic conditions is 1.33, well above factor of safety
design criteria of 1.5 and 1.1, respectively.

01.04 The licensee needs to provide technical specifications for the synthetic liner at the base of

the cover system consistent with inforrnation used in the licensee stability analysis. (SER
Section 3.3.2)

Response:

The SER refers to Section 4.2.4 of the Technical Specifications (2005 Reclamation Plan
Attachment A), and the synthetic liner placed at the base of disposal cell, forming of the
base liner system. This liner is intended to be smooth, 60-mil nominal thickness HDPE.
Section 7.2.2 refers to the synthetic liner used in the cover system. This section specifies
textured, 60-mil nominal thickness HDIPE for the cover system, as discussed in SER
Section 3.3.2, in order to increase the stability of cover system that will be constructed at
5:1 (horizontal:vertical) slopes.

OI.05 The licensee needs to provide particle size specifications for the synthetic liner bedding

and cover materials consistent with information used in the licensee=s stability analysis.
(SER Section 3.3.2)

Response:
Section 4.2.3 and 4.2.5 and 7.2.3 of the Technical Specifications will be modified to specify
the following particle-size distribution for synthetic liner bedding and cover materials:

Sieve Size Percent Passing

1 inch 100

No. 4 65-100
No. 16 25-85
No. 40 5-45
No. 200 0-10

The above gradation is consistent with the gradation of the granular material used in the
direct shear test of the synthetic liner/granular material (Enclosure 1 of SFC, 2004).
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OL.06 The licensee needs to provide its proposed approach to addressing the compaction

specification for the disposal-cell subgrade. (SER Section 3.4.1)

Response: :

The materials to be used for subgrade fill will either be soils excavated from on-site
locations or granular material from off-site commercial sources. The Technical
Specifications (Reclamation Plan Attachment A) reflects these two potential sources.

For primarily fine-grained soils comprising the subgrade fill, these materials will be
compacted in limited lift thickness to a minimum of 90 percent of Standard Proctor density
and within three percent of optimum moisture content for the material. For granular
materials comprising the subgrade fill (materials with less than 10 percent passing the No.
200 sieve), these materials will be compacted to a minimum relative density of 75 percent
for the material. A test section will be established at the site to correlate the number of
passes with vibratory equipment to the relative density of the granular material.

OL.07 The licensee needs to provide its proposed approach to addressing placement and

compaction specifications for layer-C material and soils placed around such structural
materials. (SER Section 3.4.2)

Response:

The compaction specifications for materials within the disposal cell (Reclamation Plan
Attachment A) have been modified for the phased approach for cell construction. The
materials placed in the disposal cell are outlined the Technical Specifications as material
types A, B, C, and D. However, these materials will not be placed in the disposal cell as
distinct layers. The material placement strategy (reflected in the Technical Specifications)
is to minimize void spaces around the incompressible materials in the cell (using soils) and
to minimize void spaces within the compressible materials in the cell. The revised material
placement strategy has been analyzed for radon emanation from the disposal cell cover
(Appendix C of the Disposal Cell Construction Plan, Reclamation Plan Attachment E), and
shows acceptable emanation levels (less than 20 pCi/m?-sec).

0OI1.08 The licensee needs to provide its proposed approach to addressing placement

specifications for any crushed structural materials, such as piping or tanks. (SER Section
3.4.2)

Response:
Placement Specifications For Any Crushed Structural Materials

Structural materials will be placed in the disposal cell using methods depending on material
size and compressibility. Structural materials will be broken or cut to manageable size
using typical equipment for demotion work (hydraulic excavators with specialized
attachments for shearing and grasping). These materials will be hauled with trucks to the
disposal cell for placement.

Compressible material (such as thin-walled piping and tanks) will be flattened or crushed at
the disposal cell with hydraulic excavator attachments or with a dozer. Non-compressible
material (such as steel beams or concrete) will be laid out in the disposal cell a manner
that minimizes void spaces. Both compressible and non-compressible material will be laid
flat or placed in a manner to facilitate covering with soil.
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Contaminated soils (material type D) will be spread in over a layer of structural material to
fill in voids around the structural material. Contaminated soils will be placed in lifts (two
feet maximum thickness) sufficient to cover the structural material but thin enough to allow
compaction of the soil and underlying material. Each lift of soil will be compacted with at
least six passes with vibratory tamping-foot compaction equipment. These procedures are
outlined in the Technical Specifications (Reclamation Plan Attachment A).

Compaction Specification For Soil Placed Around Disposed Structural Material

Material type D consists of soils and weathered sedimentary rock from contaminated soil
cleanup that is placed with and on top of structural materials (material type C). The soils
will be used to minimize void spaces around the structural material and provide bedding for
subsequent lift of structural material. Checking soil compaction with standard field density
testing methods (such as with a nuclear density gauge) is not recommended because of
interference with structural debris.

As a result, a method specification for compaction of this material is outlined in the
Technical Specifications (Reclamation Plan Attachment A). The method would be a
minimum of six passes over a two-foot maximum thickness lift of soil with a vibratory
tamping-foot compactor. The number of passes would be confirmed on a field test section
of soils to establish a correlation between the compaction method and 95 percent of the
maximum dry density for the material, as determined by the Standard Proctor test.

Changes To Regarding Placement Speciﬁcations'For Layer-C Materials

The proposed changes in the Clarification of Responses to Request for Additional
Information dated June 22, 2004 (SFC, 2004), in addition to changes proposed in this
response, are incorporated in the Technical Specifications (Reclamation Plan Attachment
A). _

01.09 The licensee needs to provide an evaluation of potential disposal-cell settlement. (SER

Section 3.4.3)

Response:

An evaluation of disposal cell settlement and effect on cover performance was provided in
a previous RAl response (SFC, 2004a). This evaluation is included as Appendix G of the
Disposal Cell Construction Plan (Reclamation Plan Attachment E). Related experience
with settiement of disposed materials end cover performance is in three general areas: (1)
uranium tailings impoundment reclamation, (2) uranium mill demolition and disposal, and
(3) municipal landfill performance.

For this evaluation, several publications were cited estimating the typical amount of
settlement at municipal landfills. Values ranged from 5 to 25 percent of the waste
thickness. Because the disposal cell will not include biodegradable materials, the amount
of settlement in the disposal cell was estimated to be 5 to 10 percent of waste material
height (consistent with the amount of short-term landfill settiement). Experience at uranium
tailings impoundments has shown typical values of 10 percent of tailings thickness.

Limited experience with disposed uranium mill debris has shown negligible settlement.

Because the disposal cell will not have biodegradable materials (like a landfill) or low-
density materials (like slurried mill tailings), the settlement would be from compression of
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void spaces around structural debris. The placement strategy and techniques described
above are planned to minimize these void spaces. The estimated settlement of waste
materials in the cell was conservatively based approximately 5 to 10 percent of the waste
material height. The maximum estimated settlement at the base of the cover was
approximately 1 to 2 feet (Appendix G of the Disposal Cell Construction Plan, Reclamation
Plan Attachment E).

OL.10 The licensee needs to provide an evaluation of potential cracking damage to the cover

OlL.11

system owing to differential settlement of the cell. (SER Section 3.4.3)

Response:

Based on a conservatively high total settlement of 5 to 10 percent of waste material height,
and differential settlement occurring over a distance of 35 feet (representing the internal
berm slopes in the disposal cell), differential settlement values were calculated (as outlined
in Appendix G of the Disposal Cell Construction Plan, Reclamation Plan Attachment E).
These values were converted to estimated tensile strain values, and were compared with
allowable tensile strain values developed for covers over uranium mill tailings. The
estimated tensile strain values were less than allowable values, indicating that the
estimated differential settlement would not adversely affect cover performance.

The differential settlement at the base of the disposal cell cover is likely to be the greatest
where vertical profiles of placed material have the largest difference in compressibility.
Therefore, the differential settlement analyses (discussed above) were made by calculating
the settlement for vertical profiles estimated to represent the least and the most
compressible profiles. The closest lateral distance these profiles would occur is
represented by the lateral distance of the internal berm slopes (35 feet). NRC stated that
35 feet could underestimate the strain across a stiff inclusion from a beam in material type
C, or the concrete slab in the foundation. Stiff inclusions such as beams within a
compacted soil matrix are not likely to have significant effects on the top surface of the
disposal cell. If such materials were close to the surface, such stiff inclusions could impact
settlement at the surface such that cracking may be of concern. The concrete slab will be
covered by a minimum of ten feet of material prior to placement of the cover, as will be
non-compressible structural materials. Therefore, the effects of any locally high strains
across stiff inclusions will be reduced by the overlying compacted materials.

The licensee needs to provide its proposed approach to controlling potential settlement of
the disposal cell through settlement monitoring. (SER Section 3.4.3)

Response:

Settlement monitoring points are planned for the top of the cover (shown on the Drawings,
Reclamation Plan Attachment A). Setilement monitoring is not planned for intermediate
surfaces as the disposal cell is constructed and filled. In order to minimize the volume of
meteoric water requiring collection, handling, and treatment, the period of time that the
disposal cell is open to precipitation is planned to be as short as possible.

0l1.12 The licensee needs to provide an analysis of pbtential instability of the disposal cell from

liquefaction of the cell foundation. (SER Section 3.5.1)
Response:

The potential of instability of the disposal cell from liquefaction of the cell foundation was
evaluated using procedures presented by Youd et al. (2001). The methods and results are
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presented in Appendix F of the Disposal Cell Construction Plan (Reclamation Plan
Attachment E). The calculated factor of safety against liquefaction is acceptable (greater
than 2.1), even considering conservative conditions within the foundation. Therefore the
potential for liquefaction of the cell foundation is negligible, and would not affect the
stability of the disposal cell.

0Ol1.13 The licensee needs to provide material and placement specifications for the liner bedding

and cover layers to ensure the completed liner bedding and cover will protect the liner from
cutting or tearing and provide for free drainage of seepage water along (SER Section
3.6.1)

Response:

This open issue appears to be related to the 2004 version of the Technical Specifications.
The current Technical Specifications (Reclamation Plan Attachment A) specify a grain size
distribution for the synthetic liner bedding and cover material. This specification has been
modified as discussed in the response to O1.05 above. This gradation of material is
designed to meet minimum thickness, permeability, and shear strength requirements, and
meets filter criteria of both the overlying disposed material and the perforations in the leak
detection pipe. Placement specifications to protect the synthetic liner and ensure proper
compaction are provided in the Technical Specifications. '

The liner bedding and cover materials are placed in one lift by dumping material at the
edge of the placement area and spreading the material with a small dozer. Spreading
would be done in a direction that does not move or damage the leachate collection or leak
detection pipe system. For liner bedding material (placed over compacted soils) the lift
thickness is six inches. For liner cover material (placed over synthetic liner), the lift
thickness is a minimum of 18 inches (for liner protection). The top surface of the lifts of
liner bedding and liner cover materials will be rolled with a smooth-drum roller to compact
the lift and prepare the surface for the next material.

Ol.14 The licensee needs to provide specifications for the dewatering of calcium fluoride sludge

and sediments from the emergency basin, north ditch, and sanitary lagoon; and the
placement of such materials in the disposal cell. (SER Section 3.6.1)

Response:

SFC has conducted a study on site to determine the best method of treating the calcium
fluoride sludge prior to placement into the disposal cell. The results of this study indicate
that solidification with fluidized bed ash (flyash) is effective in transforming Calcium
Fluoride Sludge into a soil-like material with strengths acceptable for placement in disposal
cell. Testing activities used to simulate the excavation, movement, placement and
compaction of solidified materials showed that sludge solidified with flyash could be moved
several months after solidification and still obtain substantial load bearing strengths well in
excess of what would be necessary to support cell overburden and cap. Therefore, SFC
will treat the Calcium Fluoride Sludge with flyash, remove the material to the disposal cell,
and place it as outlined in section 6 of the Technical Specifications (Reclamation Plan
Attachment A).

The sediments removed from the North Ditch, Emergency Basin, and Sanitary Lagoon may

be disposed of at an off-site location if it is economically feasible to do so. In the event that
an affordable location cannot be found, these materials will be dewatered and packaged
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similar to the raffinate sludge, then placed into the disposal cell as outlined in section 6 of
the Technical Specifications (Reclamation Plan Attachment A).

O1.15 The licensee needs to revise the technical specifications to include restrictions to protect

the liner and cover during construction. (SER Section 3.7.1)

Response: v

The proposed liner installation requirerents as discussed in SFC, 2004b, Attachment 1,
have been added to the Technical Specifications. The Technical Specifications also
include the provisions discussed in the response to OI.13 above to protect the liner and
cover during construction.

OL.16 The issue of representing flow in fissures and desiccation cracks in the infiltration model is

yet to be resolved. (SER Section 3.8.2)

Response:

The infiltration modeling reviewed by NRC was presented in the Preliminary Design Report
(Reclamation Plan Appendix C), and was based on a thick subsoil zone in the cover and
no clay layer. The current cover design is a multilayered system of compacted materials.
The revised infiltration modeling for the: current cover design is presented in Appendix E of
the Disposal Cell Construction Plan (Reclamation Plan Attachment E).

The subsoil zone in the current cover design is not a heterogeneous zone, but rather a
homogeneous, compacted material. Beneath the subsoil zone is a two-foot thick layer of
compacted clay of low permeability. Although prolonged drought conditions can cause
desiccation cracks, in clay covers, SFC’s cover is designed with the clay layer eight to ten
feet below the cover surface. Desiccation cracking of the clay layer at that depth in the
climate of eastern Oklahoma is unlikely. In addition, SFC personnel indicate that
desiccation cracking is not observed in natural soils at the site.

The reference sited in the original GW5 RAI (Albright, W.H., C.H. Benson, G.W. Gee; A.C.
Roesler, T. Abichou, P. Apiwantragoon, B.F. Lyles, and S. A Rock; 2004) looked at
desiccation of relatively thin compacted clay covers, which are more heavily influenced by

desiccation cracking than a clay layer at the base of a thick cover. Therefore, increased
infiltration due to cracking is not expecled.

OL.17 The licensee needs to provide analysis of rock size for the riprap apron. (SER Section

4.5.1.2)

Response:

Rock size for the perimeter apron along the toe of the disposal cell was calculated using
methods specified in NUREG 1623, Appendix D. These calculations are presented in
Appendix D of the Disposal Cell Construction Plan (Reclamation Plan Attachment E).

The median rock size for the perimeter apron is larger than the median rock size for the
rock mulch layer on the disposal cell slopes to accommodate energy dissipation. The rock
sizing procedure in Abt et al. (1998) was used, resulting in a median rock size of 5.7 to 8.0
inches (depending on rock angularity) for the twenty-foot width of perimeter apron at the
toe of the slopes on the north, south, and west sides of the slope, where flow is
transitioned to natural ground. The east side of the disposal cell is addressed in the
response to O1.19 below.
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0O1.18 The licensee needs to provide a design of the rock apron to protect against gullies caused

by overland flow. (SER Section 4.5.1.2.1)

Response:

As discussed in Ol.17, runoff from the north, west, and south slopes of the disposal cell is
directed over the perimeter apron to natural ground. The maximum unit flow at the toe of
the slope is 0.39 cubic feet per second (per foot width), as calculated in Appendix D of the
Cell Construction Plan. Using this maximum flow, and a toe apron slope of one percent,
the maximum scour depth was calculated using procedures outlined in NUREG 1623.
Scour depth was estimated using the procedures presented in US DOT (1975). The
maximum estimated scour depth from runoff at the toe of the disposal cell is 0.46 feet. The
perimeter apron is designed to have a median rock size of 5.7 to 8.0 inches, and a
minimum thickness of 24 inches. Therefore, protection against scour is adequate.

Ol.19 The licensee needs to provide a design of the rock apron on the east side of the cell to

accommaodate high flows. (SER Section 4.5.1.2.2)

Response:

On the north, west, and south sides of the disposal cell, runoff at the toe of the slopes is
directed over the perimeter apron to natural ground. As shown on the reclaimed disposal
cell layout (Reclamation Plan Attachment A), approximately 5.4 acres of land between the
cell and the east facility boundary line will drain towards the east side of the cell. This flow
will be intercepted by the diversion channel on the east side of the cell that will direct flow
to the north and south of the cell (Reclamation Plan, Attachment A). The perimeter apron
on the east side of the cell is extended to a 40-foot width and will be shaped as a
trapezoidal channel, with a channel depth of one foot to accommodate this flow. The rock
channel will have the same rock size as the perimeter apron (a2 median size of 5.7 t0 8.0
inches), and will be placed a minimum 24-inch thick layer.

O1.20 The licensee needs to provide a design for rock armor protection of stream 005. (SER

O1.21

Section 4.5.1.3)

Response:
This is provided in response to Ol.1

The licensee needs to provide specifications for riprap rock gradation. (SER Section 4.5.2)

Response: )

The gradation of the rock mulch layer on the side slopes of the disposal cell have been
modified to have a median size of 3.4 to 4.7 inches (depending on particle angularity). The
rock gradation recommendations, as given in NUREG 4620, Section 4.2.2, pertain to clean
riprap. The slope protection planned for the disposal cell is a rock mulch, with the voids
filled with smaller particles. As discussed in the Final Staff Technical Position Design of
Erosion Protection Covers for Stabilization of Uranium Mill Tailings Sites, Appendix D, rock
mulches provide a practical solution for stabilization of slopes and channels. Studies by

" Abt et al. (1988) indicate that a rock mulch has similar or possibly better stability

characteristics as the riprap layer alone:.

Placement procedures will be implemented to avoid segregation. The Technical
Specifications (Reclamation Plan Attachment A) have been modified to include placement
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procedures and have the following gradation requirements (for material from a nearby
limestone quarry):

Sieve Size Percent Passing

9-in 100

4in 35-65
1.5in 20-50
No. 4 0-25

Ol.22 The licensee needs to provide information necessary to show that rock of acceptable
durability will be used for flood protection. (SER Section 4.5.3)

Response:

Two rock sources have been evaluated by SFC: (1) a limestone quarry (Souter Quarry)
near the site, and (2) several gravel pits in the site area. Rock from the Souter Quarry has
been previously evaluated for durability by SFC, with preliminary results documented in the
Disposal Cell Construction Plan (Reclamation Plan Attachment E). The gravel pits in the
site area contain rounded particles of chert and other durable materials, but are limited to
particles of up to 6 to 8-inch size. No curability testing of the gravel pits has been
conducted.

The rock size requirements for the rock mulch and perimeter apron are near the upper limit
of what can be produced at from the gravel pits in the site area. In addition, the larger-
sized rounded rock is in demand in the area for decorative rock. Therefore the limestone
quarry is the preferred source for erosion protection materials. From the tests results
presented in the Disposal Cell Construction Plan, the rock quality designation for the
limestone is 69, indicating acceptable durability with an oversizing factor of 11 percent. In
the rock size specifications in the Technical Specifications (Reclamation Plan Attachment
A), a conservative oversizing factor of 20 percent has been used

01.23 The licensee needs to provide information regarding the licensee's erosion protection
testing, inspection, and quality control program. (SER Section 4.5.4)

Response:

Information regarding rock muich testing, inspection, and quality control per guidance given
in NUREG-1623, Appendix F, has been added to the Technical Specifications
(Reciamation Plan Attachment A.

Ol.24 The licensee needs to provide information regarding the licensee’s rock durability testing
program. (SER Section 4.5.4.1)

Response:
This is provided in the Technical Specifications (Reclamation Plan Attachment A).

01.25 The licensee needs to provide information regarding the licensee's riprap placement
procedures. (SER Section 4.5.4.3)

Response:

The Technical Specifications (Reclamation Plan Attachment A) have been modified to
specify rock mulch placement procedures for the rock mulch and perimeter apron
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materials. Rock mulch placement will be facilitated by mixing with fine-grained materials,
placing, spreading, and compacting as a single lift, rather than placing rock first and then
compacting soil second, as implied in SER Section 4.5.4.3. Recommendations from
NUREG-1623 are incorporated into the specifications where appropriate.

OL.26 The licensee needs to provide information regarding the licensee's rock layer thickness

testing. (SER Section 4.5.4.4)

Response:

The placed thickness of rock mulch and perimeter apron material will be measured by
elevations before and after placement. Elevations at specific points will be measured
before and after material placement, or stakes with marked fill depths will be used where
possible. These recommendations are included in the Technical Specifications
(Reclamation Plan Attachment A).

Ol1.27 The licensee needs to provide information regarding the adequacy of the soil cover to

resist wind erosion. (SER Section 4.5.5)

Response:

Procedures specmed in NUREG 4620 were followed to estimate the potential for wind
erosion. Soil loss is estimated by the equation A=R*K*LS*VM. R, the rainfall factor, was
estimated as 100. K, the soil erodibility factor was estimated from the nomograph, for top
soil having approximately 25% sand, 30% very fine sand and silt, 2 percent organic
content, fine granular soil structure, and moderate permeability, to have a value of 0.12.
LS was calculated for a slope length of 500 feet at a 1 percent slope to be 0.16. The VM
factor was conservatively set at 0.4 to represent drought conditions with sparse grasses.
The calculated loss due to wind erosion is estimated to be 0.8 tons/acre/year, or
approximately 0.004 inches/year. Over the design life of the disposal cell, the 1.5 feet of
topsoil placed on the top slope of the cell is adequate for wind erosion protection.

The vegetation on the top surface of the cover may allow wind-borne deposition of
materials. In addition, the rock mulch that extends over the top of the slopes onto the top
surface provides supplemental wind erosion protection for the areas most susceptible to
wind erosion.

01.28 The licensee needs to resolve conflicts in the reclamation plan regarding hydraulic

connection between the terrace and shallow ground-water systems. (SER Section 5.2.2.2)

Response:

As stated in numerous groundwater submittals, the upper terrace/shale 1 groundwater unit
is separated from the lower shale aquifers by interbedded sandstone aquicludes that are
continuous under the cell footprint. There is a minimal amount of communication between
the upper and lower aquifers in some areas that is caused by the presence of old
geotechnical borings advanced in 1968 that were not properly plugged. A review of the
historic files indicates that there are five borings in the cell footprint that could possibly
conduct water from the upper terrace/shale 1 aquifer to lower shale aquifers. The location
of these borings is shown on Figure 1 attached to these responses.

Any communication between the upper and lower aquifers should be minimal and

insignificant because of the limited number and size of the borings. The total footprint of
the cell over which contaminated materials will be placed is approximately 12.3 acres
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(535,000 square feet). Assuming each of the borings has a diameter of 12 inches, the total
area of the five boring is approximately 4 square feet. If none of the borings could be
found and plugged, the total area covered by the borings.would be 0.0007% of the total
area. Additionally, it is probable that the high clay content soils in the areas where these
borings are located have at least partially plugged the upper part of the borings, further
reducing any flow potential. It is therefore likely that any impact due to the presences of
open borings would be insignificant.

Every reasonable effort will be made to find and plug hydraulic conduits between the upper
and lower aquifers during the course of site reclamation and cell construction. Using the -
known coordinates of the old boreholes, efforts will be made to locate the old borings
during soil and/or cell excavation. When excavations are completed to bedrock for soil
clean up or cell construction in the areas where the boreholes were advanced, the bedrock
surface will be cleaned of residual soils and loose excavation material and, using such
methods as spray washing or sweeping, visual inspections will be performed to identify the
borehole in the undisturbed shale or sandstone. Methods such as re-drilling or air jetting
may be employed to evacuate materials from the old boreholes and the holes will be
plugged in accordance with procedures outlined in the Ground Water Monitoring Plan
(GWMP), and a bentonite seal will be placed over the stratigraphic interval of the
uppermost sandstone unit. This will preclude future vertical migration down the old boring.

0l.29 The licensee needs to provide information to show that the liner cover material will comply

with standard filter design criteria to prevent piping and promote drainage. (SER Section
5.3.2)

Response:

Filter criteria between the liner cover material and the overlying fine-grained soil were
compared using criteria given in National Engineering Handbook, Gradation Design of
Sand and Gravel Filters. The minimum requirements of the liner material have been met,
with analyses presented in Appendix D of the Disposal Cell Construction Plan
(Reclamation Plan Attachment E).

01.30 Detection monitoring along the west side of the disposal cell must be addressed. (SER

0O1.31

Section 5.4.1)

Response:

Detection monitoring wells were proposed to the north west and south west of the cell as
this is the general direction for most of the historic groundwater movement in the area.
However, it is recognized that cleanup activity could alter future groundwater directions in
the immediate vicinity of the disposal czll. For this reason an additional well has been
incorporated into the monitoring system along the west side of the cell as shown on Figure
24 enclosed with this response, and incorporated on Drawing 13 of the Technical
Specifications.

The licensee must specify and justify the saturated zones that will be monitored by the
detection monitoring system. (SER Section 5.4.2)

Response:

Detection monitoring is proposed for the upper aquifer which consists of the terrace and
shale 1 materials. If there was leakage from the cell, the upper terrace/shale 1 aquifer
would be the aquifer where leakage wculd be first identifiable and, therefore, would be the
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most appropriate for locating detection monitoring wells. As stated above in response to
01.28, very little if any communication between the upper aquifer and any lower aquifers is
anticipated. Therefore, in the unlikely event of cell leakage the deeper aquifers would not
receive a significant contribution of constituents of concern. The deeper aquifers are
monitored as part of the site wide groundwater monitoring program. The site wide program
monitor changes in groundwater quality which was impacted by historic operations and is
described in the GWMP. The GWMP has been incorporated into the Reclamation Plan by
reference in Section 7.4 of the Disposal Cell Construction Plan, Attachment E.

0Ol.32 The licensee must provide information to show that the proposed detection monitoring

system will be capable of detecting leaks in the disposal cell, as required by Criterion 7A of
Appendix A. (SER Section 5.4.4)

Response: ‘

The following discussion shows that the proposed design of the new cell and the
associated ground water monitoring system meet the requirements of Criterion 7A. In
addition, it shows that even if the NRC does not agree that the design meets the letter of
Criterion 7A, it should nevertheless approve the design as an acceptable alternative
approach that will contain and stabilize the site and be protective of public health, safety
and the environment in an equivalent manner to the requirements promulgated in 10 CFR
Part 40, Appendix A. Based on this information, SFC requests approval of the proposed
cell design.

The proposed design meets the requirements of Criterion 7A because it will provide leak
detection capability that accomplishes the purposes of Criterion 7A. Criterion 7A states:

A detection monitoring program has two purposes. The initial purpose of the
program is to detect leakage of hazardous constituents from the disposal area so
that the need to set ground-water protection standards is monitored. If leakage is
detected, the second purpose of the program is to generate data and information
needed for the Commission to establish the standards under Criterion 5B. The data
and information must provide a sufficient basis to identify those hazardous
constituents which require concentration limit standards and to enable the
Commission to set the limits for those constituents and the compliance period. They
may aiso need to provide the basis for adjustments to the point of compliance.

The detection monitoring system consists of two components; (1) a sand blanket and
collection pipe system between the synthetic liner at the base of the cell and the underlying
compacted clay liner, and (2) a series of monitoring wells beneath the compacted clay
liner. Furthermore, a leachate collecticn system has been designed to collect leachate
above the synthetic liner to minimize the zone of saturation (and therefore the driving head
for leakage) above the synthetic liner. The leachate collection system and leak detection
systems will have outlet pipe systems that drain by gravity to sumps outside of the cell for
ease of monitoring and collection. These systems are shown in the Drawings
(Reclamation Plan Attachment A) Both components will be used in concert to determine if
leakage from the cell is occurring. This system will accomplish both of the purposes stated
in Criterion 7A. .

The first level of leak detection will be the leak detection system below the synthetic liner of

the disposal cell. The presence of fluid in this leak detection system will give a reliable
early indication of synthetic liner leakage and the consequent increased potential for
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leakage through the compacted clay liner system beneath. In addition, if leakage is found
in the liner leak detection system, the fluid will be collected in the leak detection system
sumps, and removed and treated if necessary. Thus, this system not only provides reliable
early detection of the potential for leakage, but also affords the first step in corrective
action, which is collecting the contaminated leakage before it enters the ground water.

The second level of leak detection will be the ground water monitoring wells at the margins
of the cell (POC wells) that will be completed in the terrace/shale 1 layer. These wells will
be used to monitor the ground-water concentration of hazardous constituents associated
with the wastes in the cell. Analysis of this data will permit the NRC and SFC to determine
if significant cell leakage is occurring and will provide sufficient information to accomplish
the purposes of Criterion 7A.

Constituents of concern that are reasonably expected to be present in the materials
disposed in the cell were determined for the Facility as part of the GWMP, and have been
evaluated here for presence or absence in the groundwater at the proposed cell location.
This evaluation that the existing levels of groundwater contamination in the cell footprint
will not prevent the identification of cell leakage. Figures 2 through 19 (enclosed with this
response) illustrate that the hazardous constituents antimony (Sb), beryllium (Be),
cadmium (Cd), chromium (Cr), lead (Pb), mercury (Hg), molybdenum (Mo), selenium (Se),
silver (Ag), and thallium (TI) are currently well below their respective MCLs in all wells in
the area of the cell foot print. The hazardous constituents barium (Ba), fluoride (F) and
nickel (Ni) currently exceed their respective MCL in only one well in the area of the cell foot
print, and are less than their respective MCL in the other wells in the area. Only three of
the 18 identified hazardous constituents, arsenic (As), nitrate (NO3), thorium (Th-230), and
uranium (U), are present under the cell footprint at concentrations above the appropriate
MCL in more than one well. There is a high likelihood that all constituents will be reduced
to levels below their MCL during site reclamation and remediation efforts. It should be
noted that the MCL used for thorium 230 is actually the background value since no MCL
was specified in Appendix A to part 40.

The POC wells will allow detection of leakage from the cell even in the unlikely event that
site remediation does not immediately reduce these few remaining hazardous constituents
to background conditions. The POC wells will be used to determine the concentrations of
these hazardous constituents immediately following the site reclamation and remediation
efforts and to monitor subsequent changes. If an increase in the concentrations is
detected in the POC network, a combination of efforts will be undertaken including review
of the synthetic liner leak detection system data, review of the ground water POC baseline
data, and geochemical characterization of the ground water in the cell area. This review
will provide sufficient data and information for the NRC to determine if the increase is due
to cell leakage. This system also will provide sufficient data for the NRC Staff to identify
those hazardous constituents which require concentration limit standards and to enable the
Staff to set the limits for those constituents and the compliance period. Thus, taken
together, the two components of the DMS meet the requirements of Criterion 7A.
Consequently, the NRC should find that the proposed design of the new cell and the
associated DMS meet the requirements of Criterion 7A.

In addition, the DMS combined with the GWMP and the CAP affords comprehensive
protection of public health safety and the environment. Due to the existing ground water
contamination, the NRC already has sufficient information to determine that there is a need
to set ground water protection standards in the vicinity of the proposed cell. SFC conducts
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a comprehensive site ground water monitoring program that monitors existing impacted
ground water, gathers information useful for developing interim corrective measures and
evaluating the effectiveness of ground water cleanup and control activities, and monitors
compliance with ground water cleanup standards. The Groundwater Monitoring Plan
(GWMP) was approved by the NRC in August of 2005. In addition, NRC is currently
reviewing a Ground Water Corrective Action Plan (CAP) submitted by SFC that is actively
intercepting ground water contamination up-gradient from potential exposure points to
restore ground water concentrations to levels below the cleanup standards. In effect, NRC
has already approved ground water protection standards due to the existing contamination,
and the only remaining purpose to be achieved by the DMS is to identify increases in the
contaminant levels sufficient to trigger additional corrective actions to be implemented, and
to establish a compliance period as required by Criterion 7A. The proposed DMS wiill
easily achieve this purpose. For these reasons, the proposed cell design and DMS provide
a means of protecting the public health and safety and the environment that is equivalent
to Criterion 7A. Consequently, the NRC should approve this design as an acceptable
alternative to compliance with Criterion 7A.

0OL.33 The licensee must describe the manner in which it will identify potential hydraulic conduits

below the disposal cell and how it will address the risk of further contamination to the
shallow ground-water system. (SER Section 5.4.4)

Response:

As stated in response to Ol 28, every effort will be made to find and plug hydraulic conduits
between the upper and lower aquifers. However, even if all of the conduits cannot be
found, any impact to the lower aquifers would be minor because of the very small
percentage of the area of the cell over which the borings occur. Additionally, if any
contamination were to occur in the deeper aquifers, the existing site wide groundwater
monitoring program would identify the contamination. This would allow for an evaluation of
appropriate actions that might need to be taken to address any contamination in deeper
aquifers.

Ol.34 The licensee must provide a sampling plan to provide data to justify the source term values

used for the upper 15 feet of contaminated material in the radon flux calculations. (SER
Section 6.2.2.1)

Response: :

SFC provided in previous correspondence radiological characterization of the various
layers of material to be placed in the disposal cell for radon assessment. The Th-230 and
Ra-226 concentrations in several locations.were described as “estimated” values since
laboratory analyses were not available. A description is provided here of the means for
acquiring specific characterization data for each location.

Layer A

Estimated values for sediments in the Emergency Basin, North Ditch and Sanitary Lagoon
will be provided from archived samples as follows:

¢ Emergency Basin Sediment

— Five archived site characterization samples will be submitted for
determination of Th-230 and Ra-226 concentration.
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¢ North Ditch Sediment
Y -~ Five archived site characterization samples will be submitted for
determination of Th-230 and Ra-226 concentration.

¢ Sanitary Lagoon Sediment

— Three archived site characterization samples will be submitted for
determination of Th-230 and Ra-226 concentration.

Layer B

The Calcium Fluoride Basin Liner, Emergency Basin Soils, North Ditch Soils, and the
Sanitary Lagoon Liner will be characterized during remediation activities following removal
of the overlying sediments. The Calcium Fluoride Basin Liner and the Sanitary Lagoon
Liner, based on site characterization activities and process knowledge, are not expected to
have Th-230 or Ra-226 concentrations significantly different from background.

Layer C
Calcium Fluoride sludge will be provided from archived samples as follows:
¢ Fluoride Holding Basin #1

— Two archived site characterization samples will be submitted for

determination of Th-230 and Ra-226 concentration.

‘Mmﬁ’ J7

¢ Fluoride Holding Basin #2

— Two archived site characterization samples will be submitted for
determination of Th-230 and Ra-226 concentration.

* Fluoride Settling Basins & Clarifier

— Eight archived site characterization samples will be submitted for
determination of Th-230 and Ra-226 concentration.

* Buried Fluoride Holding Basin 1

— One archived site characterization samples will be submitted for
determination of Th-230 and Ra-226 concentration.

The Interim Storage Cell contains sand and clay from the bottom of Pond 4, soil excavated
from around the Solvent Extraction Building, and various small quantities of soil or soil-like
material from previous cleanups. These materials will be characterized as follows:

¢ Sand and clay removed from Pond 4 during remediation activities was sampled and
characterized as follows:

— average Th-230 concentration = 14 pCi/g (n=36)
A\ — average Ra-226 concentration = 1.2 pCi/g (n=6)
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— The volume of soil to which these concentrations apply is described in the
table of Section 4.4.35 of the Site Characterization Report: 13, 932 cubic
feet.

¢ Soil excavated from around the Solvent Extraction Building in 1990:

-~ Five archived site characterization samples submitted for determination of
Th-230 and Ra-226 concentration

— The volume of soil to which these concentrations apply is described in the
table of Section 4.4.35 of the Site Characterization Report: 44,500 cubic
feet.

¢ The remainder of the materials in the Interim Soil Storage Cell, based on site
characterization activities and process knowledge, are not expected to have Th-230
or Ra-226 concentrations significantly different from background.

The Solid Waste Burials (No. 1 and Nc. 2) will be characterized when exhumed during
remediation activities. Based on site characterization information and process knowledge,
these burials are not expected to have significant Th-230 or Ra-226 concentrations.

01.35 The licensee must either provide the borrow material radiological data, or commit to testing

the placed upper two feet of cover, and compare the results to established site background
radionuclide levels. (SER Section 6.2.3)

Response:
SFC has identified the following borrow areas for sources of soil to be used for construction
of the disposal cell cover and liner system':

The soil borrow area south of the fertilizer ponds

The tornado berm

The cut area east of the DUF4 building

Uncontaminated portions of the settling pond (Pond 2) berms
Fertilizer pond berms

OO =

In addition, the Agland Area has been selected as the borrow area where topsoil will be
obtained for finishing the cell cover.

The upper two feet of the cell cover, which consists of clay and topsoil layers, will be
comprised of soils from the area south of the fertilizer ponds (South Borrow Area) and
Agland Area. The clay will be obtained from the South Borrow Area and the topsoil from
the Agland Area. These borrow areas were selected to provide soils that are of similar
radiological characteristics to native soils in the site area and where sufficient quantities
are expected to be available.

Sample analyses have been compiled for soil samples collected from background
locations, South Borrow Area and Agland Area. Table 1 presents the analyses of
background soil samples. Basic statistical information (number of analyses, minimum,
maximum, average and standard deviation) is included. Tables 2 and 3 contain similar
information for the Agland Area and South Borrow Area, respectively. The locations of the
soil samples collected from the Agland and South Borrow areas are shown on Figure 20

! Reclamation Plan, Attachment A, Revision 3, Page 10, March 2005.
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(included with this response). Background soil sample locations are shown on Figure No.
21 in Appendix D, Volume I, of the Reclamation Plan dated January 30, 2003.

The mean and standard deviation of each data set has been used to prepare a theoretical
distribution of the data for graphical comparison. These distributions are plotted for
uranium, thorium-230 and radium-226 as Figures 21, 22 and 23, respectively. In each
case the distributions for the South Borrow Area and Agland Area are similar to the
background areas. The cleanup level is also indicated on each graph with the label “CL”

along the x-axis. In all cases the radiological concentrations are well below the cleanup
levels.

The data included here is the basis for SFC’s statement in the Reclamation Plan, Section
5.1.3 that the borrow area soil to be used for the top two feet of the cover are of similar
radiological characteristics to native soils in the site area.

01.36 The licensee must provide the gamma-radium correlation graph and indicate the gamma

guideline value and its use. The licensee must also provide the Ra-226 to Th-230

correlation if it plans to use it. (SER Section 6.3.4)

Response:

The use of a gamma radium correlation for the Sequoyah Facility was discussed in a letter
dated March 30, 2005 (ML050970438) responding to RP3 D. Attachment B, Final Status
Survey, of the Reclamation Plan has been revised to reflect the response to RP3 D.
Specifically, Section 2.5.1 has been revised to include additional description of the
application of a gamma guideline value. :

As described in the response to RP3, SFC will apply the gamma survey results in different
ways depending upon the source of contamination. For areas that are not contaminated
with by-product materials (characterized by lack of thorium/radium), the gamma survey is
intended to find areas of elevated activity not detected by soil sampling on a systematic
pattern, or to provide a qualitative level of confidence that no areas of elevated activity
were missed by sampling on a random pattern. For these areas, the gamma guideline
value will not be based upon a quantitative correlation but rather based upon either a

detection sensitivity from MARSSIM Table 6.7 or a qualitative assessment by comparison
to background.

This quantitative relationship between gamma measurements and radium concentration
has not been established to date because a soil sampling/gamma measurement data set
cannot be developed in accordance with NUREG-1620 until reclamation begins. Due to
the limited areal extent of thorium/radium contamination, the primary areas from which the
data could be gathered are currently inaccessible (footprints of active ponds). Gamma
measurements will be used in the thorium/radium areas in lieu of soil sample results if a
quantitative relationship can be established.

0O1.37 The licensee must describe the gamma survey procedure for soil veriﬁcation> indicating the

speed and spacing of the readings or scan path, and discuss how management oversight
of field personnel will be adequate to provide reliable survey data. (SER Section 6.3.5)

Response: :

The gamma survey procedure for soil verification was described in a letter dated March 30,
2005 (ML050970438) responding to RP3 D. Attachment B, Final Status Survey, of the
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Reclamation Plan has been revised to reflect the response to RP3 D. Specifically, Section
2.5.1 has been revised to include a description of the gamma survey procedure. The
description includes survey speed, spacing and resulting data density.

Management oversight of the field personnel will be conducted in the context of SFC’s
quality assurance (QA) program described in Attachment C of the Reclamation Plan.
Oversight and QA for the gamma survey will also be described in the quality assurance
project procedure developed specifically for the final status survey.

Ol.38 The Data Management Plan and QAPP procedure must be summarized in some detail in

the reclamation plan and be available for NRC staff review during decommissioning. (SER
Section 6.3.6)

Response: :

A conceptual description of the QAPP for the final status survey is provided in Section 4.2
of Attachment B, Final Status Survey, of the Reclamation Plan. The QAPP will be
composed of standardized, recognizable elements covering the entire project from
planning, through implementation, to assessment as described in the conceptual
description. All aspects of the Data Management Plan will be included in the QAPP. The
development, review, approval, and implementation of the QAPP will occur within SFC'’s
existing system for management of the operating procedures and will be a part of SFC’s
quality system.

Ol.39 The licensee must demonstrate that a single sample result is representative of the entire

grid (i.e., radionuclide concentration is fairly homogeneous for the area). (SER Section
6.3.7)

Response: _

SFC uses a five plug composite sampling procedure for soil sampling of land areas with
thorium/radium contamination present. Our procedure was described in a letter dated
March 30, 2005 (ML050970438) responding to RP3 D. Attachment B, Final Status Survey,
of the Reclamation Plan has been revised to reflect the response to RP3 D. Specifically,
Section 2.5.3, Soil Sampling, includes a description of the 5-plug composite sample
employed by SFC for these areas.

01.40 The licensee must identify the location where the records of information important to

Ol.41

decommissioning are kept, as required by '40.36(f). (SER Section 6.3.8)

Response:

Information important to the decommissioning, as required by 10 CFR 40.36(f), including
documentation of spills, cleanup of contamination, drawings or descriptions of modification
of structures in the restricted area, and locations of possible inaccessible contamination, is
maintained in the Administration Building at the Sequoyah Facility. This statement has
been added to Section 1.4 of the Reclamation Plan. The records are retained within the
normal file structure employed at the Facility and have been identified as Decommissioning
Records at each storage location.

The licensee must address the non-radiological haza}dous constituents of the byproduct
material to comply with Criterion 6(7). (SER Section 6.3.9)
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Response:

SFC addressed the potential non-radiclogical hazards with wastes in the Draft Corrective
Measures Study Report (CMS) dated October 27, 1997. Section 2.5 of this document
describes the characterization of potential “sources” of RCRA constituents. The following

paragraph taken from page 2-9 of the CMS summarizes the findings and is reproduced
here for informational purposes.

“Source sampling results are described in the Final RFl Report. A summary
table which includes the results of the 12 RCRA metals (40 CFR 261, Appendix
Vili) is included with this report as Table [4]. The Cell Room dip Tank sludge and
the South Yellowcake Sump sediments have been dispositioned since the RFI
sampling was performed. The Cell Room Dip Tank sludge was shipped to a
hazardous waste landfill in 1996. The South Yellowcake Sump sediments were
removed and placed into Clarifier A in 1996. In 1994, a treatability study was
conducted on the raffinate sludge and sludge from the fluoride holding basins.
The treatability studies included conducting Toxicity Characteristic Leaching
Procedure (TCLP) extraction of the sludges. The metals analyses, subsequent
to TCLP extraction, indicate that, prior to any treatment, the raffinate and calcium
fluoride are not characteristically hazardous.”

01.42 The licensee needs to provide documentation from EPA and the State of Oklahoma that
they do not have regulatory authority over the non-11e.(2) byproduct material. (SER
Section 7.3)

Response:

In section A.V.3 of the settlement agreement among the State, the Cherokee Nation and
SFC, a copy of which is available in ADAMS as an attachment to document number
ML043450408, the State agreed that if the Calcium Fluoride sludge is shown by testing not
to constitute hazardous waste, then no State permit is required for disposal of SFC's non-
11e.(2) byproduct material in the onsite disposal cell.

SFC provided the State with the results of analyses of Calcium Fluoride sludge samples,
and provided additional information in response to the State’s follow-up questions. After
reviewing this information, the State provided the attached letter indicating that the
analyses and other information satisfied the requirements of section A.V.3.a of the
settlement agreement. Consequently, no State permit is required for disposal of SFC's
non-11e.(2) byproduct material in the onsite disposal cell. See attached letter dated May 9,
September 20, and October 18, 2005.

In accordance with the Resource Conservation and Recovery Act (RCRA), the
Environmental Protection Agency (EPA) has authorized the State of Oklahoma to operate
its hazardous waste management program in lieu of the Federal program. See 40 CFR §
272.1851 (2005). Consequently, the State’s letter shows that no EPA permit is required.

Confirmatory ltems

CL.01 The licensee needs to revise figures to show that the terrace ground-water system consists
of both the terrace deposits and Unit 1 Shale. (SER Section 5.2.2)
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Cl.02

ClL.03

Cl.04

Response:

The site hydrogeologic conceptual model and the associated nomenclature has changed
slightly since the Site Characterization Report (SCR) was submitted in 1998. As described
in the Site Hydrogeological and Geochemical Characterization Report (HGSCR; SFC,
2002) the terrace aquifer in the center of the site consists of the terrace alluvium and Shale
unit 1 which are in intimate contact without a significant aquiclude between them. The
Terrace alluvium and Shale unit 1 are considered a single hydrologic unit within the site -
conceptual model and the characterization of the extent of this unit has been illustrated as
the extent of the Shale unit 1 (see Corrective Action Plan Figure 2-14). Table 5 enclosed
here is provided to describe the hydrogeologic units, the groundwater system designations,
and the groundwater monitoring units used in the site hydrogeologic conceptual model.
SFC did not revise the figures in the SCR since the HGSCR is the updated work provided
in the Reclamation Plan.

The licensee needs to include arsenic background water quality data in the reclamation
plan. (SER Section 5.2.4)

Response:

SFC provided arsenic background water quality data to NRC as part of a response to a
RAI dated October 29, 2004 for the GWMP amendment request which has been approved
on August 22, 2005. Appendix B of the GWMP contains the background water quality
evaluation which was presented in the response. The GWMP has been incorporated into
the Reclamation Plan by reference in Section 7.4 of the Disposal Cell Construction Plan,
Attachment E.

The licensee needs to remove references to transplanting seedlings in the reclamation
plan. (SER Section 5.3.1)

Response:

The revegetation plan based on grass and forb species is outllned in the Technical
Specifications (Reclamation Plan Attachment A). References to transplanting seedlings
have been removed. :

The licensee needs to include the grain size distribution for the liner cover material in the
reclamation plan. (SER Section 5.3.2)

Response:
This grain size distribution has been included in the response to O1.05 above and in the
Technical Specifications (Reclamation Plan Attachment A).

Cl1.05 Monitoring well construction details must be added to the Technical Specifications or

incorporated into the reclamation plan by reference. (SER Section 5.4.2)

Response:

The monitoring well construction details are provided in the Drawings (Reclamation Plan
Attachment A), and is also described in the GWMP which has been incorporated into the
Reclamation Plan by reference.

Cl.06 The licensee must revise the reclamation plan to incorporate its commitment regarding

radioactivity levels in the upper part of the cover. (SER Section 6.2.3)
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Cl.07

Cl.08

ClL.09

Response:
Section 5.1.3 has been revised consistent with the changes submitted in response to RP1
E by letter dated January 24, 2005 (ML05042003). See also the response to OI.35.

The licensee must revise Appendix G as it indicated in Sequoyah Fuels Corporation,
2005a. (SER Section 6.3.3)

Response:

The Reclamation Plan Appendix G has been revised to reflect the responses included in
SFC’s letter dated January 24, 2005 (ML05042003). Specifically, the text of Appendix G
has been revised to state that the exposure rate from the disposal cell will be reduced to
background levels by placement of waste and design of cell cover. Also, the basis for the
dose model input of basic radiation dose limit has been changed to the model’s default.
Finally, a new attachment has been added to Appendix G describing how the proposed soil
cleanup levels are ALARA.

in addition, Appendix G has been revised to reflect the responses included in SFC's letter
dated March 30, 2005 (ML050970438). Specifically, a new attachment has been added to
Appendix G describing justification for use of the resident farmer scenario, and the text of
parameter justifications has been revised to provide reference to the data for site-specific
hydrogeological values used in the dose model.

Finally, Appendix G has been revised o update or complete references provided in
footnotes and text, to reflect the changes in scenario and inputs associated with SFC's
letter of March 30, 2005 (ML050970438), and to make editorial revisions necessitated by
changes and revisions described here.

The Reclamation Plan Section 3.2.2 “Cleanup Levels” has also been revised to reflect the
response to Confirmatory ltem 7.

The licensee must include soil sampling procedures and analytical methods in the
reclamation plan. (SER Section 6.3.5)

Response: )

In a letter dated January 24, 2005 (ML05042003) responding to RP1 G and RP3 C, SFC
described the soil sampling procedures and the analytical methods that will be used for the
final status survey. The operating procedures were referenced in the response as well.
Attachment B, Section 2.5.3, Soil Sampling, has been revised to incorporate the
description of the soil sampling procedures and the analytical methods provided in that
response.

The licensee must revise the final status survey plan as it indicated in Sequoyah Fuels
Corporation, 2005a. (SER Section 6.3.7)

Response:

Section 2.5.2 and 3.4.1 of the final status survey plan have been revised to incorporate
additional description of surface activity measurements and activity limits for structures
found in the letter dated January 24, 2005 (ML05042003).

210of 22



‘\u i 4

-

REFERENCES
Bowles, J., 1988. Foundation Analysis and Design, McGraw-Hill, Inc.

Grubbs, Garner, and Hoskyn, Inc. (GGH), 1997. Laboratory test data on red silty clay
sample from SFC.

Hemphill Corporation (HC), 1980. “Report of Subsurface Investigation, Clay Prospecting,
Sequoyah Facility, Gore, Oklahoma,” prepared for Kerr McGee Nuclear Corporation, May
6.

Lambe, T.W., and Whitman, R., 1969. Soil Mechanics, John Wiley and Sons.

‘Professional Service Industries, Inc. (PSI), 1990. Laboratory test data on samples fro clay

borrow area used for the stormwater reservoir.

Sequoyah Fuels Corporation, 2004a. “Geotechnical Stability of SFC Disposal Cell-
Clarification of Responses to Request for Additional Information Dated June 22, 2004.”
Gore, Oklahoma, November 8. ML043140313.

U.S. Department of Transportation (US DOT), 1975. “Hydraulic Design of Energy
Dissipators for Culverts and Channels,” Hydraulic Engineering Circular No. 14, December.

Youd, TL, Idriss, IM, Andrus, RD, Arango, 1., Castro, G., Christian, JT, Dobry, R., Finn,
WD, Harder, L, Hynes, ME, Ishihara, K, Koester, J, Liao, S, Marcuson, W, Martin, G,
Mitchell, J, Moriwaki, Y, Power, M, Robertson, P, Seed, R, and Stokoe, K., 2001.
Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998
NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils, Journal of
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DEPARTMENT OF ENVIEONMENTAL QUAUITE

STEVEN A. TROMPSON BRAD HENRY
Executive Director OKLAHOMA DEPARTMENT OF ENV!RONMENTA\. QUALITY Governor
May 9, 2005

James V. Barwick, Esq.
Environmental Protection Unit
4545 N. Lincoln Blvd., Suite 260
Oklahoma City, OK 73105-3498

RE:  Characterization Report - Calcium Fluoride Burials
(Settlement Agreement Action item V.A.3.a.)
Sequoyah Fuels Corpaoration
Gore, Oklahoma

Dear Mr. Barwick:

The Oklahoma Department of Environmental Quality (Department) has reviewed the
above captioned document submitted by Sequoyah Fuels Corporation (SFC) to Alvin H.
Gutterman of Morgan, Lewis and Bockius, LLP on April 12, 2005.

The report was submitted in response to Settlement Agreement Provision V.A.3.a. under
which SFC agreed “to take representative samples of the Calcium Fluoride Sludge and
canduct a Toxicity Characteristic Leachate Procedure Test (TCLP) and total metals analyses
on the samples.”

It appears that results of the Toxicity Characteristic Leaching Procedure indicate the sludge
from the Calcium Fluoride Sludge disposal units is below 5.0mg/L, and therefore may be
non-hazardous. However, the Department will require clarification on certain sampling
protocol issues before recommending that Provision A.V.3.a. of the Settlement Agreement
has been satisfied and that the sampling has been adequate to accurately characterize the

~ material within these disposal units.

Section 4.0 of the report states that samples were collected from three locations at burial
units 154, 15B and 15C, each of which unit is approximately one-fifth to one-quarter acre in
size. However, according to Figure 3 of the report, only two samples were collected from
disposal unit 15B and only two from the far eastern portion of disposal unit 15C. In
addition, three locations (15AW-S, 15B-W, and Misc 15G) were not included in the data
provided in Table 2.

The Department recommends that SFC provide clarification of the sampling locations, an
explanation for excluding data from soil boring locations 15AW-S, 15B-W, and Misc 15G, and
the name of the laboratory which performed the analyses. The Department cannot
recommend approval of this document until the information requested is provided.

707 NORTH ROBINSON, PO. BOX 1477, OKLAHOMA CITY, OKLAHOMA 73101-1677
printed on recydeg‘paper with soy ink
w
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Mr. Barwick

Environmental Protection Unit
RE: Sequoyah Fuels Corporation
May 9, 2005

Page 2 of 2

If you have questions regarding our review of this document, please contact Mr. Robert
Replogle at 405.702.5131 or robert.replogle@deq.state.ok.us. ‘

Sincerely,

Saba Tahmassebi, Ph.D., P.E.
Chief Engineer
Land Protection Division

xc:  Mr. Myron Fliegel, NRC
Mr. Jim Ellis, SFC
Ms. Rita Ware, EPA

S h Fuats C L Action e V.A.3 2 NOD. 050509
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ecuive Diedo OKLAHOMA DEPARTMENT OF ENVIRONMENTAL QUALITY

September 20, 2005

Trevor Hammons, Esq.
Environmental Protection Unit
4545 N. Lincoln Blvd., Suite 260
Oklahoma City, OK 73105-3498

RE: August 22, 2005 Response to Comments
Characterization Report - Calcium Fluoride Burials
(Settlement Agreement Action Item V.A.3.a.)
Sequoyah Fuels Carporation
Gore, Oklahoma

Dear Mr. Hammons:

BRAD HENRY
Governor

The Oklahoma Department of Environmental Quality (Department) has reviewed the above
captioned document submitted by Sequoyah Fuels Corporation (SFC) in response to
Departmental comments made in a letter to you dated May 9, 2005 in reference to Settlement

Agreement Provision V.A.3.a.

The information presented in SFC’s response has clarified the issues the Department raised.
Therefore, the Department believes Provision A.V.3.a. of the Settlement Agreement has been
satisfied and that the sampling has been adequate to accurately characterize the material

within these calcium fluoride disposal units.

If you have questions regarding our review of this document, please contact Mr. Robert

Replogle at 405.702.5131 or robert.replogle@deq.state.ok.us.

Sincerely,
—~— B} Y .
e W ———— —

Saba Tahmassebi, Ph.D., P.E.
Chief Engineer
Land Protection Division

XC: Mr. Myron Fliegel, NRC
Mr. Jim Ellis, SFC
Ms. Rita Ware, EPA

Sequoyah Fuels Corporati D! Action tem V.A 3.3 Response to Comments.APV.050920

707 NORTH ROBINSON, PO. BOX 1677, OKLAHOMA CITY, OKLAHOMA 73101-1677

printed on recycled paper with soy ink
# .
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Govemor
October 18, 2005

Trevor Hammons, Esq.
Environmental Protection Unit
4545 N, Lincoln Blvd., Suite 260
Oklahoma City, OK 73105-3498

RE:  U.S. Nuclear Regulatory Commission
Draft Safety Evaluation Report for Proposed Reclamation Plan .
" Sequoyah Fuels Corporation (SFC)
Gore, Oklahoma

Dear Mr. Hammons:

The Oklahoma Department of Environmental Quality (Department) has completed its review
of the above captioned document prepared by the U.S. Nuclear Regulatory Commission. The
document was submitted on September 26, 2005 as an obligatory copy to the original
addressed to Sequoyah Fuels Corporation.

The Department concurs with the content of the draft document and has no additional

comments at this time. Therefore, the Department recommends the approval of the Safety
Evaluation Report.

If you have questions regarding our review of this or other documents, please contact Mr.
Robert Replogle at 405.702.5118 or robert.replogle@deq.state.ok.us.

Sincerely,

Saba Tahmassebi, Ph.D., P.E,
Chief Engineer
Land Protection Division

xc:  Mr. Myron Fliegel, NRC
Ms. Rita Ware, EPA Region 6

e ¥ah Fues ( o Pian BeatSaletyE val P 051018

707 HORTH ROBINSOH, P0. BOX 1677, OKLAHOMA CITY, OKLAHOMA 73101-1677
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Table 1

General Engineering Laboratories, Inc.
Background Soil Sample Analyses

Depth, ft U-Tot Ra-226 Th-230
Location Top Bottom Hg/g pCilg pCilg

HA288 0 0.5 3.87 + 0.0869 1.39 + 0.403 1.13 + 0.358
HA289 0 0.5 3.73 + 0.0688 0.92 + 0.361 0.915 + 0.319
HA290 0 0.5 2.73 £ 0.0483 0.693 + 0.289 0.593  0.277
HA291 0 0.5 3.93 + 0.0556 0.867 t 0.345 0.597 + 0.271
HA292 0 0.5 3.07 £ 0.0525 0.733 + 0.324 0.55 £ 0.265
HA292 DUP 0 0.5 2.62 £ 0.0451 1.11 + 0.361 0.629 + 0.264
HA293 0 0.5 3.24 + 0.0678 1.44 * 0.476 093_3} 0.375
HA294 0 0.5 3.27 + 0.0627 0.968 + 0.353 0.753 + 0289 L
HA295 0 0.5 3.38 + 0.059 0.937 + 0.36 1.02 + 0.352
HA296 0 0.5 3.14 + 0.0609 1.09 + 0.39 0434 + 0223
HA297 0 0.5 3.34 + 0.0669 1 £ 0.317 0.469 t 0.239
HA298 0 0.5 3.76 + 0.0776 1.7 + 046 0942 + 0.384
HA299 0 0.5 3.08 + 0.0621 0.735 + 0.341 0.968 + 0.416
HA300 0 0.5 1.20 + 0.0191 0.65 + 0.32 0394;_(_)_ 191
HA224 1 2 4.32 + 0.0797 1.03 + 0.374 0.904 + 0.333
HA224 2 2.6 2.91 % 0.0453 1.09 + 0.381 1.1 + 0.384
HA307 0 0.5 3.27 + 0.0608 0.985 + 0.402 0.826 * 0.31_2
HA308 0 0.5 3.11 + 0.0542 1.25 + 0.443 0.709 * 0.351

Number of Analyses 18 18 18

Minimum 1.2 0.653 0.388

Maximum 4.32 1.7 1.13

Average 3.22 - 1.03 0.77

Standard Deviation 0.67 0.28 0.24
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Table 2

Agland Top Soil Sample Analyses

Depth, ft Sample Uranium Radium-226 Thorium-230
Location | Bottom | Top Date pg/g pCilg pCilg
AGLAND | 0.0 0.5 4/23/1992 2.00 0.900 + 0.500 0.700 + 0.400
AGLAND | 0.0 0.5 8/17/1998 1.60 0.540 + 0.190 0.800 + 0.500
AGLAND | 0.0 0.5 8/17/1998 1.20 0.810 + 0.260 1.30 + 0.500
AGLAND | 0.0 0.5 7/15/2002 1.87 -
AGLAND | 00 | 05 7/15/2002 1.63 -
AGLAND | 0.0 0.5 3/12/2003 1.60 0.711 + 0.102 0 + 0114
AGLAND | 0.0 0.5 3/8/2004 1.52 -
AGLAND | 0.0 0.5 3/8/2004 1.18 ]
AGLAND | 0.0 0.5 9/9/2004 1.80 0.615 + 0.143 1.37 £ 0177
AGLAND | 0.0 0.5 9/9/2004 1.32 0.219 * 0.097 125 + 0.156
AGLAND | 0.0 0.5 12/3/2004 2.25 0.464 + 0.079 0.907 + 0.183
AGLAND | 0.0 0.5 12/3/2004 1.88 0.393 + 0.079 1.73 + 0.247
AGLAND | 0.5 1.0 4/23/1992 2.10 1.80 + 0.700 0.600 + 0.400
AGLAND | 05 1.0 8/17/1998 1.30 0.680 + 0.250 0.500 + 0.400
AGLAND | 05 1.0 7/15/2002 1.38 - -
AGLAND | 05 1.0 3/8/2004 1.77 -
AGLAND | 05 1.0 9/9/2004 2.03 317 + 0.396 1.04 + 0.172
AGLAND | 05 1.0 12/3/2004 1.93 0.548 + 0.114 219 * 0.239
AGLAND | 1.0 1.5 8/17/1998 1.20 0.740 + 0.280 1.50 + 0.600
AGLAND | 1.0 1.5 7/15/2002 1.61 i
AGLAND | 1.0 1.5 3/12/2003 1.90 0.786 + 0.103 0 + 0.164
AGLAND | 1.0 1.5 3/8/2004 1.46 o
AGLAND | 1.0 1.5 9/9/2004 1.73 0.540 + 0.106 1.00  0.157
AGLAND | 1.0 1.5 12/3/2004 2.09 0.550 + 0.126 1.71 + 0.260
AGLAND | 15 2.0 8/17/1998 1.10 0.860 + 0.340 0.700 + 0.300
AGLAND | 15 2.0 7/15/2002 1.58 o
AGLAND | 15 2.0 3/8/2004 1.60
AGLAND 1.5 2.0 9/9/2004 1.80 0.103 + 0.053 0.744 + 0.142
AGLAND | 15 2.0 12/3/2004 1.94 0.454 + 0.083 142 + 0216
AGLAND | 20 2.5 8/17/1998 1.40 0.390 + 0.230 1.70 + 0.500
AGLAND | 20 25 7/15/2002 1.34
AGLAND | 20 25 3/8/2004 1.70
AGLAND | 2.0 25 9/9/2004 1.91 0.158 + 0.111 143 + 0.197
AGLAND | 2.0 2.5 12/3/2004 1.97 0.564 + 0.120 1.59 + 0.241
AGLAND | 25 3.0 8/17/1998 1.20 0.390 + 0.190 0.900 + 0.300
AGLAND | 25 3.0 7/15/2002 1.86
AGLAND | 25 3.0 3/8/2004 1.77 -
AGLAND | 25 3.0 9/9/2004 1.85 0.614 + 0.136 0.420 + 0.156
AGLAND | 25 3.0 12/3/2004 2.13 0.738 + 0.142 1.93 + 0241
AGLAND | 3.0 3.5 8/17/1998 1.10 0.590 + 0.200 0.800 + 0.700
AGLAND | 3. 35 7/15/2002 1.86 i
AGLAND | 3.0 35 3/8/2004 1.34 -
AGLAND | 3.0 3.5 9/9/2004 1.78 0.781 + 0.119 145 + 0172
AGLAND | 3. 3.5 12/3/2004 2.25 0.570 + 0.113 1.78 + 0.211

Page 1 of 2
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Table 2

Agland Top $Soil Sample Analyses

Depth, ft Sample Uranium Radium-226 Thorium-230

Location | Bottom | Top Date uglg pCilg pCilg
AGLAND 35 4.0 8/17/1998 1.20 0.790 + 0.200 1.10 + 0.400
AGLAND | 35 4.0 7/15/2002 2.05 -
AGLAND 3.5 4.0 3/12/2003 1.90 0.759 * 0.106 0.392 + 0.161
AGLAND 3.5 4.0 3/8/2004 1.53 -
AGLAND 3.5 4.0 9/9/2004 1.70 0.390 + 0.100 1.26 + 0.183
AGLAND 3.5 4.0 12/3/2004 2.30 0.750 = 0.136 1.84 1 0.202
HA061 0.0 0.5 11/14/1994 |< = 1.00 o
HA061 0.5 1.0 | 11/14/1994 [< 1.00 -
HA265 0.0 0.5 9/13/1995 [< 1.00
HA266 0.0 0.5 9/13/1995 1.00
HA269 0.0 0.5 9/14/1995 1.00
HA273 0.0 0.5 7/20/1995 |< 1.00 -
HA274 0.0 0.5 9/14/1995 |< 1.00 -
HA275 0.0 0.5 9/14/1995 |< 1.00
HA276 0.0 0.5 9/14/1995 |< 1.00
HA543 0.0 0.5 3/4/2003 2.10 1.49 + 0.189 1.09 + 0.275
HA545 0.0 0.5 3/4/2003 1.60 0.622  0.152 0.829 + 0.284
HA546 0.0 0.5 3/4/2003 1.80
HA732 0.0 0.5 8/4/2005 1.92 0.779 % 0.142
HA733 0.0 0.5 8/4/2005 1.99 142 + 0.221 -
HA734 0.0 0.5 8/4/2005 1.93 0.730 + 0.144 -
HA735 0.0 0.5 8/4/2005 3.26 1.07 + 0.202 o

Number of Analyses 66 38 34

Minimum 1.00 0.10 0

Maximum 3.26 3.17 2.19

Average 1.64 0.756 1.12

Standard Deviation 0.43 0.52 0.54

Page 2 of 2
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Table 3

South Borrow Area Soil Sample Analyses

Depth, ft Sample Uranium Radium-226 Thorium -230
Location | Bottom | Top Date ug/g pCilg pCilg

HA267 0.0 0.5 9/13/1995 1.00 -
HA278 0.0 0.5 9/14/1995 1.10 o
HA291 0.0 0.5 11/7/1995 1.40 1.30 + 0.620 0.800 + 0.700
HA291 0.0 0.5 11/7/1995 3.93 0.867 + 0.345 0.597 * 0.271
HA541 0.0 0.5 3/4/2003 1.80 :
HA548 0.0 0.5 3/4/2003 2.30 o -
HA549 0.0 0.5 3/4/2003 2.40 -
HA551 0.0 0.5 2/28/2003 1.90 1.32 + 0.175 119 + 0314
HAB52 0.0 0.5 3/4/2003 2.20 o
HA554 0.0 0.5 3/4/2003 2.20 o
HA643 0.0 0.5 11/25/2003 3.24 -
HA644 0.0 0.5 11/25/2003 3.65 -
HAB45 0.0 0.5 11/25/2003 2.55 B
HA743 0.0 0.5 8/4/2005 2.12 1.27 + 0.201

Number of Analyses 14 4 3

Minimum 1.00 0.87 0.60

Maximum 3.93 1.32 1.19

Average 2.27 1.19 0.86

Standard Deviation 0.87 0.22 0.30
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TABLE 4
Source Sampling Results - RCRA Metals
mglkg

Source Description Loc ID Ag As Ba Be Cd Cr Hg Ni Pb Sb Se Tl
Fluoride Sludge (S.W. Area) SD013 < 0.6 133 40.5 0.05|< 0.7 30.2 0.05 66|< 10 10 10]< 10
Fluoride Sludge Basin No. 1 (North) [SD016 < 0.6 17.3 13.9 0.05|< 0.7 15.2 0.02 28.1|< 10 10 10]< 10
Composite from Clarifier 1A SD014 1.9 1350 2750 4.12|< 0.7 259 0.34 721 515 17.7 87.2 36
North End Pond 1 Spoils Pile BH131A/B |< 0.6 154 157 0.96 3.3 21.1 36.7 23.1 10 10 20.9
South End Pond 1 Spoils Pile BH131B < 0.6]|< 10 64.6 0.37 1.1 7.8 0.01 7.41< 10 10 10}< 10
MPB - Cell Room Dip Tank SD012 8.6 128 83 0.05 9.7 55.2 1.1 26700 962 19.3 27.7 15.1
South Yellowcake Sump SD015 < 0.6 15.9 407 0.56}< 0.7 81.6 0.02 342 267 10 10]< 10
North Ditch SD017 1 39.3 282 0.42|< 0.7 53 0.13 96 86.1 10 10]< 10
Emergency Basin SD018 65.5 97.5 282 0.14|< 0.7 38.2 014  438] 495 17 30.4|< 10
Sanitary Lagoon SDO19 185 440 611 2.84|< 0.7 422 0.29 423 555 4.4 29.8}< 10
Interim Storage Cell BH149 < 0.6{< 10 138 0.8 2 324 0.03 51.3 324 10 10}< 10
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Table 5

Sequoyah Fuels Corporation

Typical Groundwater Monitoring Designations and Hydrogeological Units

System

Unit Description

Terrace
Groundwater

Unit Designation

Terrace Deposites
(0 to 16.5 feet thick)

Silts, sandy silts, silty clays, sandy gravely clays,
silty sandy clays, clays

Shallow Bedrock Groundwater

(3 to 14.5 feet thick)

Unit 1 Shale Dark grayish brown fissile,
(0 to 20 feet thick) silty and sandy near contacts
3 A Vuit'ar al ~ Unit 1 Saﬁdstohe ‘ ~~ Highly cemented very fine to medium grainéd o
’ q; : (0 to 12.5 feet thick) - pale brown to dark gray :
Unit 2 Shale Dark gray to light brownish gray, fissile sand, silty
(2.5 to 10 feet thick) and continuous with thin discontinuous silty sandstone lenses
Unit 2 Sandstone Dark gray to very dark gray, very fine grained,

quartzose and well cemented in upper protion

Unit 3 Shale
(1 to 18 feet thick)

Very dark gray, sandy to silty, carbonaceous and contains
thin discontinous sandstone layers

Unit 3 Sandstone
(1.5 to 3 feet thick)

Highly cemented, very fine grained,
very dark gray and very hard

Unit 4 Shale Dark gray to grayish black, fissile and becoming sandy
(12 to 18 feet thick) riear the lower contact with the Unit 4 Sandstone

Adetar d ; ~ Unit 4 Sandstone - 'Mediunr:\ gray to dark gray, very fine grain dense quartz sand,
e ~ (15.5 to 18 feet thick) - silicious and has a very abrupt lower contact with Unit 5 Shale

s

ew®

8 E Unit 5 Shale Very dark gray to black, soft to hard,

g_ § (> 22 feet Thick) fissile, with sandy to silty lenses

86

Notes:

1) Unit thicknesses are estimates from hydrogeological investigations conducted at the site.

2) The Terrace Groundwater System consists of the terrace deposites and the shale unit

immediately beneath the terrace deposites, if a shale unit is present prior to encountering

a sandstone unit.
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® Less Than MCL
@ Greater Than or Equal to MCL
Disposal Cell Boundary

A minus sign indicates a less than detection value.
Al units in mg/l.

SEQUOYAH FUELS CORPORATION

Tie: Terrace Groundwater Monitoring System
Antimony (MCL = 0.008 mg/l)

PREPARED BY: Flloname:
SFC GW_Sb.dwg
Reviewed by:
CH .
Figure No. 2
12 Jan 2006
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Figure 21
Borrow Material Characterization - Uranium
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Figure 22

Borrow Material Characterization - Thorium230
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Figure 23

Borrow Material Characterization - Radium226
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1.0 INTRODUCTION
11 Background

Sequoyah Fuels Corporation (SFC) operated a nuclear fuel-cycle facility licensed
by NRC at U.S. Interstate-40 and Oklahoma State Highway 10, Gore Oklahoma
74435. SFC engaged in different operations in different areas of the Facility,
pursuant to NRC Source Material License SUB-1010, including (1) the recovery
of uranium by concentration and purification processes, (2) the conversion of
concentrated and purified uranium ore into UFs between the years of 1970 and
1993, and (3) the reduction of UFg into UF4 from February 1987 until 1993.

SFC ceased production in 1993 and submitted a Preliminary Plan for Completion
of Decommissioning (PPCD). The PPCD indicated that decommissioning the
facility would include construction of an on-site disposal cell using the
performance criteria contained in Appendix A to 10 CFR 40 to isolate the
decommissioning waste. SFC conducted site characterization and
decommissioning planning activities in order to develop a decommissioning plan
for the Sequoyah Facility. In addition, SFC submitted information in support of
an Environmental Impact Statement (EIS) initiated by the NRC.

In July 1997, the U.S. Nuclear Regulatory Commission (NRC) adopted new
regulations that establish radiological criteria for license termination, including
restricted release. Under these criteria, SFC submitted a decommissioning plan
proposing an onsite disposal cell meeting the performance criteria in Appendix A
of 10 CFR 40 with restricted release of the site once decommissioning activities
were completed. During the NRC Staff's review of the plan the NRC Staff
expressed concern that SFC had not yet identified a third party that would accept
responsibility to enforce the proposed institutional controls. Subsequently, the
NRC concluded that the front-end waste at the SFC Facility could be classified
as byproduct material as defined in section 11e.(2) of the Atomic Energy Act
(11e.(2)), and that such waste may be disposed of in accordance with Appendix
A to 10 CFR 40. Appendix A provides for long term custody by assigning the

Reclamation Pian 1-1 Revision 3
Sequoyah Facility January 2005
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Department of Energy as custodian of reclaimed sites under a general license in
10 CFR 40.

This Reclamation Plan (RP) updates and reformats the previous DP to include
changes made to accommodate public input, extensive review by NRC and its
contractors, and additional studies and evaluations done by SFC since 1999. As
such, it describes the decommissioning and reclamation of the Sequoyah Facility

as an 11e.(2) byproduct materials site.
1.2 Purpose, Scope and Objectives of Site Reclamation

The Sequoyah Facility is planned for reclamation as an 11e.(2) byproduct
material site under performance standards administered by the NRC. With the
exception of raffinate sludge, and sediments from the north ditch, emergency
basin, and sanitary lagoon (which may be shipped offsite for permanent
disposal), all of the waste materials will be disposed on site. Upon successful
demonstration to NRC of meeting these performance standards, the site will be
transferred to the U.S. Department of Energy for long-term care and
maintenance. SFC's proposed approach would result in the dismantlement of
facility equipment and structures, removal of sludges, impoundments, buried
wastes and impacted soils, and placement of resulting waste materials in an
engineered disposal cell.

The drainages that exit the Institutional Control Boundary (ICB) to the west (001,
005, and 007) contain some residual radioactive materials from historic releases.
However, doses from exposure to these materials without restrictions is not
distinguishable from background. As a result, SFC plans no further cleanup in

these drainages

The strategy for a groundwater protection plan will be developed under NRC
guidelines. This will result in the preparation of a Groundwater Corrective Action
Plan (CAP) for the site. This CAP will be developed independently of this
Reclamation Plan and submitted to the NRC by June 15, 2003. As such, the

groundwater protection plan is not addressed here.

Reclamation Plan 1-2 Revision 3
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The reclamation approach consists of the following elements:

Construction of an above-grade, engineered disposal cell on the SFC
site for permanent disposition of the SFC decommissioning and
reclamation wastes.

Removal of sludges and sediments from the ponds and lagoons,
excavation of buried low-level wastes, removal of stored soils and
debris, and placement of these materials into the disposal cell.
Dismantlement of process equipment, followed by recovery of gross
quantities of contained uranium.

Size reduction/compaction of process equipment, piping and structural
materials (including scrap metal, empty drums, and packaged wastes
that will accumulate prior to decommissioning) to satisfy disposal
requirements for maximum void volume.

Dismantlement/demolition of structures excepting the new SFC
administrative office building and the storm water impoundment.
Demolition of concrete floors, foundations and storage pads, and
asphalt or concrete paved roadways outside the footprint of the cell.
Removal of clay liners and/or contaminated soils from under
impoundments.

Excavation of underground utilities, contaminated sand backfill from
utility trenches and building foundation areas and more highly
contaminated soils under the cell footprint.

Excavation of contaminated soils lying outside the footprint of the
disposal cell that exceed site-specific radiological cleanup criteria.
Handling and treatment of produced ground water and storm water
during cell construction.

Placement of all SFC decommissioning wastes into the onsite disposal
cell, followed by capping and closure of the cell.

Re-grading the site, backfilling of excavations to the finished grade,
and re-vegetation.

Reclamation Plan 1-3 Revision 3
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o Establishment of a fenced Institutional Contro! Boundary (ICB) around
the cell, installation of additional monitoring wells as necessary, and
initiation of a long-term site monitoring plan.

¢ Transfer title for the restricted property to DOE for long term care and
maintenance.

o Termination of SFC's NRC license under the provisions of 10 CFR 40,
Appendix A.

1.3 Criteria and Guidelines

The majority of the waste materials to be disposed on site are classified as
11e.(2) by-product materials and, as such, will be reclaimed under the criteria
specified in Appendix A of 10 CFR 40. The remaining materials are not classified
as 11e.(2) by-product materials, but have similar characteristics which make
them candidates for disposal in the cell. This RP proposes to dispose of the non-
11e.(2) byproduct materials in the cell. NRC Regulatory Information Summary
2000-23 (November 30, 2000) provides guidance on disposal in tailings
impoundments of wastes that are nct 11e.(2) byproduct material. Appendix A of
this RP addresses each of the eight considerations of RIS-2000-23 and
demonstrates that disposal of the SFFC non-11e.(2) byproduct material wastes in
the disposal cell is consistent with NRC policy. Therefore, no distinction is made
between the 11e.(2) materials and the non-11e.(2) materials in the remainder of
this RP.

The key design criteria for the disposal cell are to: (1) meet the performance
standards for reclamation outlined in Appendix A of 10 CFR 40, (2) provide
sufficient capacity for disposal of on-site materials, (3) result in a facility that
blends in with the surrounding area (from a visual, hydrologic and vegetative
standpoint), (4) have a negligible effect on underlying groundwater, and (5)
facilitate site cleanup and reclamation activity. These criteria are outlined below.

1.3.1 Performance standards

The performance standards in Appendix A of 10 CFR 40 include: (1) isolation of
the waste materials in a manner that protects human health and the environment,

Reclamation Plan 1-4 Revision 3
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(2) reduction of radon emanation from the cover to an average of 20 pCi/square
meter-second or less, (3) having the reclamation be effective for a long period of
time (200 to 1,000 years), and (4) minimizing reliance on active maintenance.

1.3.2 Disposal cell capacity

The disposal cell layout has been sized for a capacity (beneath the cover
system) of approximately 9 million cubic feet which exceeds the estimated total
volume of 8.3 million cubic feet. The cell design allows for adjustment of the
capacity as needed over a range of 5 to 12 million cubic feet.

1.3.3 Surrounding area impact

The top surface of the cell will be limited to an elevation of approximately 590
feet AMSL to minimize the visual irnpact of the disposal cell from surrounding
areas. In addition, the side slopes of the cell will be at 5:1 (horizontal:vertical)'or
less, with the corners of the cell rounded to create a topographic feature that is
visually similar to the surrounding area. The surface of the completed cell will be

vegetated with natural species similar to surrounding areas.
1.3.4 Effect on groundwater

The disposal cell cover design strategy includes minimizing infiltration of meteoric
water. The cover design incorporates a uniform zone that promotes
evapotranspiration from vegetation to achieve a zero water balance. Synthetic
liner materials will be included in the cover to restrict infiltration into the
underlying waste materials until the vegetative cover matures and the water
balance approaches zero.

1.3.5 Facilitation of site cleanup

The siting and layout of the cell has been designed to accommodate stormwater
management and construction activity during site cleanup.

1.3.6 Site Selection and Layout

The disposal cell was sited to be over the major areas of contamination at the
facility. The disposal cell was also sited to be close to materials to be placed in
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the cell to reduce handling costs. Appendix H, “Disposal Cell Design Siting
Study For On-Site Disposal Cell” presents the results of SFC’s siting evaluations.

1.3.7 Institutional Control

The disposal cell design is based on the site being transferred to the U.S.
Department of Energy for long-term care and maintenance following completion
of decommissioning. As with other 11e.(2) byproduct material sites, the U.S.
Department of Energy will exercise institutional control of the site. This means
that SFC will fence the site to limit unauthorized access. Activities within the ICB
will be only those authorized by the U.S. Department of Energy or its contractors,

such as monitoring or maintenance.
1.3.8 Post-Reclamation Dose

The dose to a member of the public from any activity undertaken on the
unrestricted portions of SFC property (outside of the proposed ICB) will not be
distinguishable from background.

The dose to a member of the public inside the ICB following completion of
reclamation will satisfy not only the requirements of 10 CFR 40, Appendix A (the
radium benchmark dose), but also the requirements of 10 CFR 20.1403 (less
than 25 mrem/y or less than 100 mrem/y for restricted release with loss of
institutional controls).

1.4 Plan Organization

This plan was developed from reports, studies and evaluations developed since
1990. Reliance was placed upon a decommissioning plan which proposed this
approach under a different regulatory regime. Although not approved at the time
of this writing, the decommissioning plan underwent significant technical and
environmental review by the NRC since 1998. The resulting technical exchange
between the NRC and SFC has led some refinements of the groundwater model,
the dose mode! and the cell design which have been incorporated here.

This RP relies upon previous studies and reports, many of which have been
submitted previously and are on the docket. The decommissioning and
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reclamation approach is generally summarized in this plan with much of the
details contained in the appendices and attachments. Evaluations, studies,
reports, etc. that are relied upon for support of the reclamation plan are included
here as Appendices. Program documents, specifications, and project plans,
some of which are controlled documents used in field implementation of this RP,
are included as Attachments. Information important to the decommissioning, as
required by 10 CFR 40.36(f), including documentation of spills, cleanup of
contamination, drawings or descriptions of modification of structures in the
restricted area, and locations of possible inaccessible contamination, is
maintained in the Administration Building at the Sequoyah Facility.

Reclamation Plan 1-7 Revision 3
Sequoyah Facility January 2005



i’

Y

o

\m/

General Description of the Facility

2.0 GENERAL DESCRIPTION OF THE FACILITY
2.1  Facility History

License SUB-1010, Docket No. 40-8027 was originally issued on October 14,
1969 for storage only of uranium ore concentrates. The license was amended on
February 20, 1970, authorizing the operation of the Uranium Hexafluoride (UFg)
Conversion Plant. The license was amended on February 25, 1987 to authorize
operation of the UF¢ Reduction Plant. The license was last renewed on
September 20, 1985, and would have expired on September 30, 1990. The
license has remained in effect basecl on submittal of a renewal application dated
August 29, 1990, and provisions in 10 CFR 40.42(a).

By letter dated February 16, 1993, SFC notified NRC of its decision to suspend
all production operations permanently, including uranium recovery by
concentration and purification processes and subsequent conversion operations,
and to decommission the facility. Since July 1993, the concentration and
purification processes, the UFs conversion processes, and the DUF, reduction
processes have been closed. By letter dated 11/26/93, NRC advised SFC that
authorized activities were limited to those related to decommissioning, and
routine environmental and effluent monitoring.

By letter dated January 5, 2001, Sequoyah Fuels Corporation (SFC) requested
U.S. Nuclear Regulatory Commission (NRC) to determine if some of the waste
material at the Gore, Oklahoma facility could be classified as byproduct material,
as defined in Section 11e.(2) of the Atomic Energy Act. After review of the SFC
position and the regulations, the Commission concluded that the front-end waste
at the SFC Facility could be classified as 11e.(2) byproduct material, and that
such waste may be disposed of in accordance with Appendix A to 10 CFR 40.
SFC subsequently submitted a license amendment request to possess 11e.(2)
byproduct materials which was approved on December 11, 2002.
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General Description of the Facility

2.2 Facility Location and Description

The SFC facility (Facility) is a 600-acre parcel of land containing the Industrial
Area which occupies roughly 200 acres of the Facility. The Facility is located in
Sequoyah County in mid-eastern Oklahoma about 150 miles east of Oklahoma
City, Oklahoma, 40 miles west of Fort Smith, Arkansas, 25 miles southeast of
Muskogee, Oklahoma, and 2.5 miles southeast of Gore, Oklahoma in Section 21
of Township 12 North, Range 21 East. Figure 2-1 shows the location of the
Facility. The Facility is bounded on the north by private property, on the east by
State Highway 10, on the south by Interstate 40 (1-40) and on the west by U.S.
Government-owned land (managed by the U.S. Army Corps of Engineers [COE]))
adjacent to the lllinois and Arkansas River tributaries of the Robert S. Kerr
Reservoir. Figure 2-2 shows the topography of the Facility and surrounding area.

Most of the uranium-processing operations were conducted on an 85-acre
portion of the Facility that is commonly referred to as the Process Area. SFC
uses an additional 115 acres to rnanage storm water and store by-product
materials. The reclamation activities will focus on the Process Area and the
additional management areas that are collectively referred to as the Industrial
Area. A location map of Facility designations is included in Figure 2-3. Most of
the land outside of the Industrial Area is used either for grazing cattle or forage
production.

Prior operations at the Facility can generally be summarized as follows.
Following receipt of ore concentrates (yellowcake) at the Facility, the ore was
subjected to concentration and purification processes to further purify the
yellowcake. The purpose of the concentration and purification processes was to
control the grade of materials entering the conversion process so as to avoid the
contamination of the conversion processing system which if permitted to occur
would lead to the production of off-specification material.

Following the concentration and purification processes, the materials were
transferred to the conversion facility which produced high purity UFs using the
purified yellowcake as feed material.

Reclamation Plan 2-2 Revision 3
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General Description of the Facility

Also located at the Facility was a separate reduction facility which produced UF4

using depleted UF¢ as feed material.

In addition to the facilities for concentration and purification, conversion, and
reduction, the SFC site also includes: (1) a storage area for the yellowcake
received from conventional uranium mills; (2) a yellowcake sampling facility; (3) a
bulk storage area for chemicals such as ammonia (NH3), tributylphosphate-
hexane solvent, and hydrofluoric (HF), nitric (HNO3), and sulfuric (H2S0O4) acids;
(4) a facility for electrolytic production of fluorine from HF; (5) treatment systems
and storage ponds for both radiological and non-radiological liquid effluent
streams; and (6) a facility for the recovery and beneficial use of ammonium
nitrate solution (which originated from the solvent extraction system) as fertilizer

on SFC-owned land.

Additional facilities include the following: a yellowcake drum storage area, an
electrical substation, UFg cylinder storage area, tank farm for liquid chemicals
and fuel oil, cooling tower for waste heat dissipation, sanitary sewage facilities,
retention ponds for calcium fluoride sludge, retention ponds for processing
raffinate into fertilizer and raffinate sludge, a raffinate sludge concentration and
loading facility, retention ponds for fertilizer, and a reservoir for an emergency

water supply. A general Facility layout is presented in Figure 2-4.

2.3 Physical Characteristics of the Facility

The SFC site is located above the east bank of the lllinois River at its confluence
with the Arkansas River. The site is on the western end of a broad upland area
approximately 100 feet above the normal elevation of the lllinois River (as
impounded by the Robert S. Kerr Reservoir). The physical characteristics of the
site and surrounding areas have been the subject of several studies since 1990.
The following sections summarize the findings of these studies. Additional
details are available in Appendix B and Appendix D.
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General Description of the Facility

2.3.1 Surface Features

The Facility is situated on gently rolling to level land with several steep slopes to
the northwest and wooded lands to the north and south. Elevations on or near
the Facility range from 460 feet above mean sea level (AMSL) for the normal
pool elevation of the Robert S. Kerr Reservoir to nearly 600 feet amsl (Figure 2-
2). Slopes over most of the upland areas of the Facility are less than seven
percent. Steeper slopes in creek ravines and on hillsides average roughly 28
percent. Near the Robert S. Kerr Reservoir, slopes are very steep. This area is
owned by the federal government and is administrated by the COE.

2.3.2 Surface Water Hydrology

The Facility is located on the east bank of the lllinois River tributary of the Robert
S. Kerr Reservoir. Southwest of the Facility the lllinois River joins with the
Arkansas River tributary of the Robert S. Kerr Reservoir. Flow in the lllinois
River arm of the Robert S. Kerr Reservoir is regulated by releases from the
Tenkiller Ferry Reservoir, which is located on the lllinois River approximately
seven miles upstream from the Facility. The annual average flow of the lllinois
River at the gauging station between the Tenkiller Ferry Reservoir and the
Facility is 1,610 cubic feet per second (cfs).

Significant differences occur in water quality between the lllinois and Arkansas
Rivers. The llinois River flows through a rugged, rocky watershed throughout
much of its course in northeastern Oklahoma and is fed largely by releases from
Lake Tenkiller Ferry Reservoir and from steep, spring-fed streams. This results
in relatively clear waters, with an average specific conductance of 170
microsiemen per centimeter (micrcS/cm). In contrast, the Arkansas River,
acquires sediment from farming areas along its course in Colorado, Kansas, and
Oklahoma, resulting in relatively turbid waters. Specific conductance values from
the Robert S. Kerr Reservoir dam are about 600 microS/cm (SFC, 1998a).

The Process Area is located on an upland area approximately 100 feet in
elevation higher than the surface elevation of the Robert S. Kerr Reservoir.
Relatively steep (28 percent average) surface gradients occur between the
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General Description of the Facility

Process Area and the Robert S. Kerr Reservoir and the floodplain area in the
southwest portion of the SFC property. Several small ephemeral streams drain
the Industrial Area to the Robert S. Kerr Reservoir, including the 001, 004, 005,
007, 008, and 009 streams in Figure 2-5, and the drainage associated with the
Storm Water Reservoir. Several other drainages affect the SFC property. One
stream, hereafter referred to as Creek A, drains the area south of the Fertilizer
Ponds. This stream bends northwestward and follows along the eastern edge of
the Agland area, and eventually joins with water from the Storm Water Reservoir
drainage. A small, northeast flowing stream occurs east of Highway 10. This
stream closely parallels the Carlile School Fault and drains much of the eastern
portions of the SFC property (Figure 2-2). This small stream empties into Salt
Branch (Figure 2-2), a northwestward flowing drainage that closely parallels the
SFC northernmost property boundary.

2.3.3 Climatology and Meteorology

Sequoyah County has a warm, temperate, continental climate. Storms bring
ample precipitation when moisture-laden air from the Gulf of Mexico meets
cooler, dryer air from the western and northern regions. The most variable
weather occurs in the spring, when local storms can be severe and bring large
amounts of precipitation. The mean annual temperature is 61.5° F. The monthly
average ranges from 40° F in January to 82° F in July. The average daily range

in temperature is 24° F. The lowest temperature on record was -19° F in January
1930 and the highest was 115° F in August 1936. The mean annual precipitation
ranges from 42.9 inches in the town of Sallisaw, to approximately 44.1 inches in
the northeastern part of Sequoyah County. The seasonal distribution of rainfall is
fairly even, with 31 percent in spring, 26 percent in summer, 23 percent in fall
and 20 percent in winter.

The average amount of snowfall from November through April is about 5.2
inches. Lake evaporation averages about 47.5 inches annually. Of this, 72
percent occurs from May through October. Based on the precipitation and lake
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General Description of the Facility

evaporation values, there is a net annual evaporation rate of about 4 inches in
the SFC area.

The most severe storms occur in the spring, although thunderstorms are also
frequent during the summer months. Strong winds, heavy precipitation, and

intense lightning may be associated with these storms.

The nearest Sequoyah County weather station is in the town of Sallisaw,
Oklahoma. There is no national weather station in the immediate vicinity.
Meteorological data may be obtained from the national weather station at Tulsa,
Oklahoma, about 70 miles northwest, and at Fort Smith, Arkansas, about 40
miles east. Fort Smith, Arkansas is the closest data station having topographic
and climatological characteristics similar to the Facility.

24 Geologic Setting

Based on historic information and data from recent site investigations, the
following summarizes the geologic, hydrogeologic and geochemical conditions at
the SFC Facility. For a detailed description, see Appendix B, section 6.

As described in Appendix B and Appendix D, the site rests on a ridge or upland
area above the headwaters of the Robert S. Kerr Reservoir and the lower lllinois
River. The SFC site is underlain by a sequence of approximately 400 feet of
sedimentary siltstones and sandstones of the Atoka Formation. The Atoka
formation is of the Pennsylvanian geologic period (with these sedimentary rocks
formed approximately 280 to 325 million years ago. The bedding of these units
is nearly horizontal, with varying depths of weathering and erosion. These units
are mantled at varying depths with Pleistocene terrace deposits. The underlying
soils and sedimentary rocks at the site have been investigated with regional
geologic data and over 500 bore holes.

The site is located on the southwest flank of the Ozark Uplift, a regional structural
feature. The site is in an area of low seismic activity with no significant faulting in
the area within the last 35 million years. NRC has reviewed the seismic setting
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General Description of the Facility

and concluded that no active or capable faults exist around the facility. Appendix
E provides the results of the site seismic evaluations.

The Atoka Formation sedimentary rocks beneath the site consist of alternating
shale and sandstone layers, extending to depths of several hundred feet. The
Atoka Formation sedimentary rocks are mantled or covered with alluvial terrace
deposits of the Quaternary geologic period. These terrace deposits were placed
during the Pleistocene epoch (approximately 10,000 to 1,000,000 years before
present) during high-water stages of flow on the Arkansas and lllinois Rivers.
These high-water stages were most likely from melting periods of Pleistocene
glaciation. Subsequent downcutting of the lllinois and Arkansas Rivers has left
these deposits above the current river elevations. More recent alluvial deposits
are found along the banks of the lllinois and Arkansas Rivers.

Groundwater levels and water quality have been evaluated from over 300 wells
that have been completed on site. This information is presented in Appendices B
and E of this Reclamation Plan. The shale and sandstone units are both of
relatively low hydraulic conductivity, so that although groundwater is present in
these units, groundwater yield is low. The uppermost groundwater beneath the
site is within the uppermost shale layer. A limited, transient amount of
groundwater is perched on the uppermost shale within the terrace deposits.

Soils investigated from drilling on site consist of these terrace deposits and
weathered zones of the Atoka Formation. These soils range from sandy, clayey
gravels to silty clays. The materials are classified (according to the Unified Soil
Classification System) as a low to moderate plasticity silt and clay as well as
clayey sand and gravel.

2.5 Seismicity and Ground Motion Estimates

The maximum anticipated acceleration at the Site based upon general, published
information is less than 0.05 g (Attachment E). Based on a maximum anticipated
seismic acceleration of 0.05 g, the corresponding seismic coefficient for use in
pseudo-static analyses of the cell and cover system would be 0.03 to 0.04. In
the initial stability analyses, SFC used a seismic coefficient of 0.05 to
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General Description of the Facility

conservatively represent the conditions at this site, and also to be consistent with
the generalized values for the area recommended by the U.S. Army Corps of

Engineers (Appendix C).

The site area was evaluated in more detail in terms of (1) historical earthquake
events in the region, (2) capable faults in the site area, and (3) probabilistic
analyses of seismic events not associated with known faults. From this
evaluation, the largest ground acceleration at the site from historical earthquake
events was estimated to be 0.06 g. The review of capable faults in the site area
showed no capable faults under criteria in 10 CFR 100 Appendix A. The
probabilistic analysis of seismic events in the site area resulted in estimated peak
ground acceleration values of 0.16 to 0.27 g, and corresponding seismic
coefficient values of 0.11 to 0.18 g. The values from the probabilistic analyses
were used in the stability analyses for the disposal cell (presented in Attachment
E).

2.6 Erosional Stability

The topographic and geologic descriptions above indicate that the site is on an
upland area of Pennsylvanian-age sedimentary rocks that have been mantled
with Pleistocene epoch terrace deposits and recent alluvial deposits. Erosion
during the Quaternary period has been limited to downcutting of the bed of the

Arkansas and lllinois Rivers, with no significant erosion of the sedimentary rocks
or overlying alluvial deposits at the western end of the upland area.

The SFC site as well as planned reclaimed features of the site are hydraulically
separate and erosionally stable from extreme flood events on the lllinois and

Arkansas Rivers, as summarized below.

1. The location of planned reclaimed site features are at an elevation
approximately 100 feet above the normal and flood-stage
elevations of the lllinois and Arkansas Rivers in the site area.

2. The recent geomorphclogic history of the site indicates that the
most significant periods of erosion and sediment deposition from
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rivers in the site area coincided with glacial periods over 10,000
years ago. Estimated extreme flow events (under probable
maximum precipitation calculation methods) are significantly lower
than the Pleistocene epoch flows that were experienced over
sustained periods at the site.

The Pennsylvanian-age sedimentary rocks that form the foundation
for reclaimed features at the SFC site are not susceptible to rapid
or significant erosion that would expose the planned reclaimed
features at the site.

The current topography of the Arkansas and lllinois River basins in
the site area shows a large area of lower elevation to the west of
the site. There is not a constriction of flow or a bend in the bed of
either river that would indicate significant flow velocities or a
potential for riverbed migration toward the upland area where the
site is located.

The relatively low seismic activity with no significant faulting in the
area indicates that seismically-induced features that would be
susceptible to erosion are not present.
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Facility Decommissioning and Surface Reclamation

3.0 FACILITY DECOMMISSIONING AND SURFACE RECLAMATION
3.1 Summary of Radiological Conditions

The Site Characterization Report (SCR) included as Appendix D, and the Facility
Environmental Investigation (FEI) (RSA, 1991) provide thorough descriptions of
Facility operations, along with the identification of source characteristics
associated with various processes. Detailed historical information about the
facility is provided in the documents listed in section 2.2.4 of the SCR. This
section summarizes the extent and concentration of the contamination found
during those studies.

The contamination at the Facility is a result of uranium processing activities that
took place during the operation of the plant. Throughout the operating life of the
plant, on-going evaluations of the impact of plant operations, including airborne
and liquid discharges, and soil and groundwater sampling, occurred.

In the vicinity of the process buildings, process impoundments and uranium
handling areas, concentrations of uranium in the soils exceed background and in
many areas exceed the proposed soil cleanup criterion (see section 3.2.2).
Uranium in soil at concentrations above 27 pCi/g is found to a maximum depth of
about 31 feet beneath the Process Area. In addition, a few areas of limited
extent are impacted by thorium-230 and/or radium-226. Soils containing thorium
or radium in excess of the proposed limits are confined to areas where raffinate
sludge was managed.

Groundwater beneath portions of the SFC site is impacted by uranium from past
leaks and spills. The vertical extent of the groundwater impact is limited by an
almost impervious sandstone layer, referred to as the Unit 4 Sandstone, that
underlies the majority of the site. Monitoring wells in the groundwater zone
immediately beneath Unit 4 Sandstone confirm that there is no significant impact
below that level.

Groundwater flow on the site is generally to the southwest, conforming to the tilt

of the bedrock strata in the area. Some localized areas of groundwater flow to
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Facility Decommissioning and Surface Reclamation

the south and northwest have been measured, however these flows appear to be
influenced by erosional features and mounding of water in the vicinity of facility

impoundments.

The groundwater is not currently a threat to human health or the environment.
The strategy for a groundwater protection plan will be developed under NRC
guidelines as the result of a Corrective Action Plan for the site. The groundwater

protection plan was submitted June, 2003.

A characterization of structures and equipment in the restricted area was
performed to provide information concerning the degree of radioactive
contamination and radiation levels in order to provide a basis for identifying
contamination control efforts that will be required during decommissioning. The
characterization data was compiled from routine and special surveys performed
during 1994, 1995, and 1996.

Areas identified as impacted by operation of the SFC Facility are the Process
Area, portions of the 1986 Incident Plume pathway, Fertilizer Storage Pond Area,
the historic Combination Stream, a drainage pathway south of the plant entrance,
the drainage pathway designated as Outfall 005, and most structures within the
restricted area. Figure 2-1, Attachment B, summarizes the impacts.

3.2 Decommissioning and Reclamation Activities

Decommissioning and reclamation plans and specifications are presented in
Attachment A - F. This section provides an overview of the activities planned
during decommissioning and reclamation for the site.

3.2.1 Description of Activities and Tasks

The scope of decommissioning activities includes the dismantlement and
removal of systems and equipment, the deconstruction of structures, the removal
and treatment of sludges and sediments, the removal of contaminated soils, and
the treatment of wastewater. The placement of these materials in the disposal
cell will be in layers by category of radioactivity, as well as in three areas of the
cell in phases. The following summarizes these activities.
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Structures, Systems and Equipment

A detailed volume estimate of the facility equipment and structural
materials was made and the disposal volume was estimated to be
824,660 cf (after dismantlement and size reduction; 50% of the concrete
left in place). This estimate was based on a review of drawings and other
data for the facility structures, equipment, utilities, and concrete in order to
determine the location of contamination, to understand the construction of
the facility, and to facilitate planning of dismantlement methods. Appendix

F describes the review described above.

The majority of the salvageable or recyclable equipment and
materials have been removed and dispositioned. Only limited
decontamination of materials for unconditional release is planned. All
remaining equipment and structures will be dismantled and size reduced,
as necessary. The dismantled equipment and structural components will
be placed into the cell. Concrete and asphalt will be broken into
manageable pieces and placed in the cell.

Soils, Sediments and Sludges

Raffinate Sludge

The raffinate sludge contains a significant fraction of the
radionuclides presently on the SFC site (34% of the uranium or 60,800 kg,
76% of the thorium 230 or 156 Ci, and 38% of the radium 226 or 1.1 Ci.).
The sludge has been removed from the Clarifier A Basin and processed to

reduce the water content.

The de-watering method removed free water from the sludge
resulting in a 50% reduction in the weight, approximately 11,000 tons of
de-watered sludge. The de-watered sludge has been placed in bags for
off-site disposal or placement into the disposal cell.
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Calcium Fluoride (CaF,) Sludge

Calcium fluoride (CaF,) sludge will be dewatered to improve its

structural strength prior to placement into the disposal cell.

Sediments

Sediments from the Emergency Basin, North Ditch and Sanitary
Lagoon will be dewatered or stabilized to improve their structural strength

prior to placement into the disposal cell.
Soils

Soils outside the footprint of the disposal cell which contain
uranium, radium, or thorium in excess of the proposed site-specific
cleanup criteria will be excavated and placed in the disposal cell. This
volume is estimated to range from 0.5 to 3.0 million cf depending on the
final soil cleanup criteria that is selected. At a minimum, soils under the
footprint of the disposal cell that exceed the uranium DCGL (the
concentration that would result in an equivalent dose from Ra-226 at 5
pCi/g) will also be excavated, and placed in the cell. The volume of these
soils is estimated to be about 345,000 cf. The depth of excavation will be
based initially on soil sampling data from characterization studies. Follow-
up sampling will be done to determine if additional excavation is required,

and to demonstrate that the cleanup criteria have been satisfied.

Additional soil will be excavated, most likely to the soil/bedrock
interface, in those areas where the uranium concentration in the perched
groundwater is elevated in excess of 150 pCi/l (the SFC license action
level, 225 pg/l). This would be: done to facilitate the removal and
treatment of the impacted perched groundwater. It is likely that some of
the soils in the areas of perched groundwater impact contain uranium in
the forms of uranyl nitrate and related compounds, which are much more
soluble than the oxide forms.

Reclamation Plan 3-4 Revision 3
Sequoyah Facility January 2005



&uwu—/"

Facility Decommissioning and Surface Reclamation

Soils collected from prior cleanup activities that are presently
located in the Interim Storage Cell and in the Pond 1 Spoils Pile will also
be removed and placed in the disposal cell. These materials have a
volume of about 578,000 cf. An additional 952,000 cf of potentially
contaminated clay and soil lies beneath the facility ponds, basins and
clarifiers. The fraction of this soil exceeding the applicable cleanup criteria
is expected to be less than 10% of the total volume, or 95,200 cf.

Soils from excavation areas will be transported to the disposal cell
by haul trucks for long distances, or loaders for shorter distances. Existing
roads will be used as much as possible; new haul roads will be
constructed only if necessary.

Soils will be placed in the cell in lifts and mechanically compacted
according to design requirements (Attachment A). Placement of this
material will be sequenced with other materials to assure stability of the
cell, to minimize voids and settlement, to limit leaching and to further
restrict the emanation of radon from the cell. Attachment E, Disposal Cell
Construction Plan, discusses the placement sequence.

Wastewater Management

Wastewater includes water from existing ponds and impoundments,
storm water runoff from work areas, water used for processing operations,
and recovered groundwater.

The Wastewater Treatment System, located south of the Clarifier
Basins (Figure 2-4) is designed for batch treatment of wastewater to
remove uranium. The system utilizes precipitation, filtration, and ion
exchange processes to remove uranium prior to release of the water.

Treated water will be sampled and analyzed for uranium prior to
discharge through permitted outfall 001. The cleanup goal for the
Wastewater Treatment System is to reduce the uranium concentration to
less than 30 pg/l, the drinking water MCL.
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Site Restoration

After the removal of systems and equipmenf, structures, and soils
and sediments, the site will be restored by backfilling (if necessary),
grading and seeding with vegetation.

3.2.2 Cleanup Levels

The cleanup levels for this reclamation plan were either specified by regulations,
or derived using guidance provided by the NRC. 10 CFR 40, Appendix A,
Criterion 6 (6) limits the concentration of Ra-226 in soil, and concentrations of
other radionuclides in soil based on the equivalent dose from Ra-226. Derived
concentration guideline levels (DCGL.) have been developed as concentrations of
residual radioactivity in soils that are equivalent to the Ra-226 concentration.
The detailed dose modeling is presented in Appendix G. The approach used is
summarized here. Cleanup levels were subsequently chosen based on the
DCGLs, application of the ALARA principle, and the limiting conditions of 10 CFR
40, Appendix A, Criterion 6 (6).

Identification of Constituents of Concern (CoC)

The CoCs were determined to be natural uranium and associated
transformation products, thorium-230, and radium-226.

Exposure Methodology

The dose from residual radioactivity was determined by
constructing a source term and exposure scenario, and using a computer
model to simulate the release and transport of radionuclides and radiation
in the environment on a site-specific basis. The assessment reflected the
site-specific characteristics of the residual radioactivity (e.g. type, extent,
concentration) and of the environment (e.g. soil, surface water,
groundwater, and air) at the site. Exposure pathways relevant to the
exposure scenario were chosen based on this information. The source
term and exposure scenario are described in the following sections.
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The dose was determined first for a Ra-226 concentration in
surface soil of 5 pCi/g. This Ra-226 dose is hereafter referred to as the
radium benchmark dose. The residual concentration in surface soil was
subsequently determined for each of natural uranium and thorium-230 that
resulted in a dose equal to the: radium benchmark dose.

Source Term

The source term was assumed to be an uncovered contaminated
surface soil zone of cylindrical shape. The CoCs for the radium
benchmark dose are Ra-226 and Pb-210 each at 5 pCi/g. The CoCs are
assumed homogeneously distributed within the contaminated zone. The
contaminated zone is modeled as a 0.3 meter layer of unconsolidated soil.
The contaminated soil is known to be underlain by one uncontaminated
unsaturated zone; this zone is modeled as a 1.4 meter thick layer of
unconsolidated soil. The next layer is an uncontaminated saturated zone;
this zone is modeled as shale. The final layer is sandstone; this layer
functions as an aquitard and is not included in the model. The relationship
between Facility conditions and the source term parameters, and the
physical characteristics (density, porosity, ...) of each layer are described
in Appendix G.

Exposure Scenario

The exposure scenario modeled here, representing a residential
farmer, is comprised of direct exposure to external radiation and inhalation
and ingestion of radioactive material to an individual who lives on the site
and ingests food grown on the site. The scenario is based on
assumptions that tend to realistically estimate potential doses. The model
used to assess the dose to the residential farmer was the RESRAD
computer code. A justification and more complete description of the
residential farmer scenario are provided in Appendix G.

The residential farmer scenario is unlikely since the DOE wiill
restrict access and land use in the reclaimed area, but considered to be a
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possibility if land use controls failed. Three primary exposure pathways
were not considered. The rationale for excluding each is summarized as

follows:

Drinking Water

The scenario assumes that readily available, nearby surface water
is used for drinking and for irrigation. Use of groundwater is not
considered because of the limited quantity and generally poor quality
encountered near the SFC site.

A corrective action plan addressing groundwater is described
elsewhere. By regulation, that plan includes engineering and/or
institutional controls protective: of human health and the environment. The
plan will ensure that concentrations of groundwater at all locations outside
the institutional control boundary, where it would be possible for
groundwater to be accessed, will be acceptable for all potential future
uses including human consumption. The alternatives for the plan include

active, passive and institutional control mechanisms.
Cell Intrusion

Development of the DCGLs did not consider failure or intrusion of
the cell’'s engineered cover. The cover is designed such that failure is not
a credible event. The scenario assumes that an individual had access to
the restricted area but would not disturb the disposal cell. DOE will
ultimately take control of the site as long term custodian and will prevent
any unauthorized intrusion into the cell.

Radon

The radon pathway was not considered because it is specifically
excluded from the scope of the technical criteria.

Selection of Cleanup Levels

The radium benchmark dose resulting from the exposure scenario
described above was 57 mrem per year to the resident farmer. The
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DCGLs in surface soil for U-natural and Th-230 that result in 57 mrem/y
for the same exposure scenario are 570 pCi/g and 66 pCi/g, respectively.

The technical criteria provide limits for Ra-226 in soil. Specifically,
the concentration of Ra-226 in soil, averaged over areas of 100 square
meters, cannot exceed the background level by more than: (i) 5 pCi/g
averaged over the first 15 cm below surface, and (ii) 15 pCi/g averaged
over 15 cm thick layers more than 15 cm below the surface. Application of
the technical criteria includes consideration of the in-growth of Ra-226
from Th-230 over a 1000-year design period. The Th-230 concentration is
limited such that it will not cause any 100m? area to exceed the Ra-226
limit at 1000 years (i.e. current concentration of Th-230 is less than 14
pCi/g surface and 43 pCi/g subsurface, if Ra-226 is at approximately
background levels).

Cleanup levels have been selected based on the ALARA principle,
and regulatory requirement. Cleanup levels for uranium and thorium have
been set at concentrations that are much lower than the DCGLs. Cleanup
levels for radium have been set at the regulatory limit. Table 3-1 presents
the DCGLs and the cleanup levels.

Table 3-1 Derived Concentration Guideline Levels (DCGL) and Cleanup

Levels (CL)
Uranium-Nat | Thorium-230 Radium-226
Condition pCilg pCilg pCilg
DCGL 570 66 5.0/15
CL 100 <14/ <43 <5.0/ <15

* first 15cm below surface / 15cm layers greater than 15cm below surface

The cleanup levels will be applied without subtracting background.

The subsurface cleanup level will be applied to small areas on site

where Th-230 and Ra-226 are present as contaminants. These areas are

depicted in Figure 2-1 of Attachment B as the Th-Ra areas. In these
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areas, uranium, thorium, and radium will be considered in combination
where the sum of ratios for the concentration of each radionuclide present
to the respective cleanup level concentration will not exceed one (unity).
At least 0.5 foot and likely several feet of clean fill will be placed over
these areas following decontamination. The clean fill is expected to
remain in place for the foreseeable future after reclamation.

In areas where radium and thorium are not present, the uranium

cleanup leve! will be used.
Dose Assessment

Inside the ICB and using the DCGLs for radium, thorium, and
uranium developed in Appendix G, the dose to a person carrying out
authorized activities is estimated to be less than 2 mrem/y. For a resident
farmer intruder inside the ICB (equivalent to loss of institutional control
scenario in 10 CFR 20.1403) the dose will be 57 mrem/y, the SFC site
radium benchmark dose. Utilizing the cleanup levels listed in Table 3-1,
the dose rate to the industrial worker and the resident farmer would be
approximately 20% of the dose from radium benchmark soil
concentrations or 0.4 mrem/y and 11 mremly, respectively.

As demonstrated in Appendix G, the dose to a member of the
public from contamination that is presently in the drainages that exit the
ICB and cross U.S. Army Corps of Engineers property (drainages 001,
005, and 007) is less than 0.2 mrem/y. '

3.2.3 Final Status Survey

The final status surveys have been designed from the guidance contained in
NUREG-1575 "Multi-Agency Radiation Survey and Site Investigation Manual"
(MARSSIM) and the requirements of 10 CFR 40, Appendix A, Criterion 6 (6).
The surveys will demonstrate that the residual radioactivity in each survey unit
satisfies the applicable criteria described in Section 3.2.2.

Reclamation Plan 3-10 Revision 3
Sequoyah Facility January 2005



\«mp"’

\th" ’

Facility Decommissioning and Surface Reclamation

The survey designs began with the development of data quality objectives
(DQOs). The DQOs were developed using guidance provided on the DQO
Process in Appendix D of MARSSIM. On the basis of these objectives,
applicable requirements of 10 CFR 40 Appendix A, and the known or anticipated
radiological conditions at the site, a survey design was developed to determine
the numbers and locations of measurement and sampling points to demonstrate
compliance with the release criterion. Finally, survey techniques were selected

appropriate for development of supporting data.
3.3 Disposal Cell Design

The preliminary disposal cell design is presented in Appendix C, Preliminary
Design Report for the Disposal Cell at the Sequoyah Fuels Corporation Facility
(December, 2002), based on the design criteria and strategy outlined in Section
1.3. The various calculations and analyses are presented in Appendix C. The
2002 preliminary design has been updated based upon additional
characterization work and construction sequencing. The updated design is
presented in Attachment E, Cell Construction Plan, and summarized in the
following subsections.

3.3.1 Site Selection

SFC evaluated four possible locations within its property boundary for siting the
disposal cell. Ali four locations were found to be acceptable, each having
advantages and disadvantages. The Process Area location was chosen as the
best option due to proximity to materials destined for disposal, pre-existing
contamination of the sub-surface, and reduced material handling costs.
Appendix H presents the siting evaluation.

3.3.2 Layout and Capacity

The disposal cell layout consists of a four-sided domed structure to contain the
disposed materials beneath a multi-layered cover system. The direction of top
surface drainage was chosen to be toward the highest ground elevation and

away from the west side of the cell. The top surface of the structure drains to the
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southeast at a one-percent slope. The side slopes of the cell are at 5:1 (20
percent), the maximum slope under NRC reclamation criteria.

The disposal cell layout for the estimated 8.3 million cubic feet of disposed
materials (Table 3-2) is shown on Figure 3-1. Due to the variability in disposed
material density and the amount of soils that may actually be excavated, the
disposal cell location and layout has been planned to accommodate a range of
disposed material volumes from 5 million to 12 million cubic feet. For this range
of disposal volumes, the north, east and west sides remain in the same location
and with the same height, while the location of the south side is adjusted. A
typical cross section through the disposal cell (for any of these volumes) is
shown in Figure 3-2.

3.3.3 Cover System

The disposal cell cover design is a layered system with a moisture retention,
(store-and-deplete) zone and a vegetated surface. The cover is designed to
promote long-term vegetative growth that optimizes evapotranspiration and
subsequently minimizes infiltration. The total cover thickness is ten feet, and is
sufficient for root zone development and radon attenuation. The cover system is
shown in Figure 3-2.

The upper 18 inches of the cover system consists of an erosion protection and
vegetation zone. On the top surface, the upper 18 inches of the cover thickness
consists of a topsoil layer. On the side slopes, the upper 18 inches consists of
an eight-inch thick topsoil layer above a ten-inch thick rock mulch layer. The
cover surface will be vegetated, with the long-term vegetation being a native
grass, forb and brush system. The bottom 2.0-foot thick zone of the cover
system is a compacted clay overlain by a synthetic liner to provide infiltration
control under short-term conditions. The remaining 6.5-foot thickness of the
cover system will consist of a 5.0-foot thick zone of on-site soils to provide a root
zone and long-term moisture retention zone for infiltrating meteoric water.
Beneath this zone is a 1.5-foot thick drainage layer.
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The reduction in emanation of radon-222 from disposed materials by the cover
system was evaluated using calculation procedures outlined in NUREG 3.64.
The evaluation results in Attachment E show that the cover system and
sequence of disposed material placement in the cell reduces the average rate of
radon-222 emanation to below the limit of 20 pCi/square meter-second (from
Appendix A of 10 CFR 40).

The radon emanation calculations used the RADON model, with conservative
parameters for the cover system and disposed materials. Ingrowth from thorium-
230 to radium-226 under extreme long-term conditions was included as input for
the disposed materials in the calculations.

3.3.4 Perimeter Area

The disposal cell perimeter will transition into the surrounding reclaimed site
topography such that drainage from the toe of the side slopes is conveyed away
from the cell. Outside the toe of the side slopes will be a 20-foot wide perimeter
apron, consisting of a rock mulch designed for energy dissipation.

3.3.5 Erosional Stability

The erosional stability of the disposal cell design was evaluated according to
procedures outlined in NRC guidance. The disposal cell surface was evaluated
for peak runoff from the Probable Maximum Precipitation (PMP) event. The
calculated velocity from the peak runoff was compared with acceptable, non-

erosive velocities on the top surface and side slopes of the disposal cell.

On the top surface of the disposal cell, the one-percent slope with vegetated
surface conditions provides sufficient resistance to erosion, even under
conservative, poor vegetation conditions. On the side slopes of the disposal cell,
flow velocities down the 5:1 slopes require rock for erosion protection from PMP
runoff. The selected protection is a layer of rock mulch with a median particle
size of 4.7 inches (sized for the peak flow from the PMP). In order to promote
vegetative growth on the side slopes, the rock mulch layer will be below the
topsoil layer. The perimeter apron (to be extended 20 feet from the toe of the
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. side slopes) will consist of a 20-foot layer of rock mulch with a median particle

size of 8 inches.
3.3.6 Slope Stability

The slope stability of the disposal cell was evaluated under static and seismic
conditions according to standard criteria outlined in NRC guidance. The étability
analysis results are presented as calculated factors of safety, which are
compared with accepted minimum factors of safety. The analysis results under
static conditions show that calculated factors of safety are higher than the
minimum long-term value of 1.5. The analysis results under seismic conditions
(represented by pseudostatic analyses) show that calculated factors of safety are
higher than the minimum value of 1.1. The stability analyses were conducted
using conservative input values for material shear strength and density. A
liquefaction analysis of materials in the disposal cell was conducted, with the
results showing a negligible potential for liquefaction. The stability analysis
results are presented in Attachment k.

3.3.7 Meteoric Water Infiltration

Infiltration of meteoric water and moisture migration through the cover system
was evaluated using the TerreSIM model, an MFG model used for land use and
ecosystem evaluation. The TerreSIM model uses a detailed method of tracking
evapotranspiration and plant cancpy evaporation, based on specific plant
communities. Modeling was conducted under average climatic conditions for a
simulation period of 200 years. The average rate of migration of meteoric water
through the bottom of the cover was calculated to be approximately 7.8
inches/year or 17 percent of annual precipitation, for the first 45 years of
simulation. For the next 155 years of simulation (after full development of the
plant community), the calculated rate of migration through the cover was
essentially zero. The calculated rate of meteoric water migration through the root
zone of the cover averaged approximately 6.6 inches/year or 14 percent of
annual precipitation, for the first 50 years of simulation. For the next 150 years of
simulation (after plant community development), the calculated rate of meteoric
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water migration through the root zone averaged 3.6 inches/year, or 8.7 percent of

average precipitation.

The synthetic liner and clay layer beneath the root zone at the base of the cover
would significantly reduce moisture rnigration through the cover under short-term
conditions. For long-term conditions, moisture migration through the bottom of
the cover would be limited by the clay layer at the base of the cover as well as
the vegetation productivity and root zone depth. The actual rate of meteoric
water migration through the bottom of the cover would be lower than the long-
term average value calculated for the: root zone.

3.4 Disposal Cell Construction

The strategy for disposal cell construction (from the base of the disposal cell to
the bottom of the cover system) is outlined in the following subsections.

3.4.1 Construction Materials

In the preliminary disposal cell design (Appendix C), materials were grouped by
radioactivity content for disposal sequencing to minimize leaching, and optimize
shielding and radon attenuation. These groups or layers are summarized in
Table 3-2. These groups are referred to as Layers A through D which are
generally described below.

Layer A. Layer A materials consist of five components: (1) raffinate sludge, (2)
Pond 2 residual materials, (3) Emergency Basin sediment, (4) North Ditch

sediment, and (5) Sanitary Lagoon sediment. The raffinate sludge has been
dewatered, packaged, and stored on-site until either shipment off-site or onsite
disposal. Dewatering of the sludge reduced its volume to approximately one

" third of the original value.

Due to the relatively high activity concentration of radionuclides in Layer A
materials, these materials would be the lowest layer in the disposal cell profile.
In terms of estimated volume, Pond 2 residual materials comprises most of the
Layer A materials (65.5 percent), followed by dewatered raffinate sludge (30.5
percent), and the remaining sediments (totaling 4 percent).
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Layer B. Layer B materials consist of soil liner and subsoil materials beneath the
clarifier, the calcium fluoride basins, Pond 3E, the Emergency Basin, the North
Ditch and the Sanitary Lagoon, as well as Pond 1 spoils pile material. The Layer
B materials (primarily contaminated soils) are listed second in the order, since
they would be excavated after remaoval of Layer A materials and placed directly
on top of Layer A materials in the disposal cell profile. In terms of estimated
volume, the Pond 1 spoils pile (35 percent), clarifier liners (26 percent), and
Emergency Basin soils (13 percent) comprise approximately 74 percent of the

Layer B materials.

Layer C. Layer C materials consist of structural materials, concrete and asphalt,
calcium fluoride basin materials, calcium fluoride sediments, and on-site buried
materials. These materials would be placed with or above the Layer B materials,
and covered with contaminated soils (Layer D materials). In terms of estimated
volume, the calcium fluoride sediments (35 percent), structural materials (32
percent) and concrete and asphalt (14 percent) comprise approximately 81
percent of the Layer C materials.

Layer D. Layer D materials consist of contaminated soils and sedimentary rock
that require cleanup. The cleanup level used for the estimated volume is a
natural uranium activity concentration of 27 pCi/g.

The total layer material volumes estimated for each layer are presented in Table
3-2 below, in order of placement from bottom to top within the cell.

Table 3-2 Disposed Material Summary
: Fraction
Estimated Natural . .
Layer Description Volume: SLT::;: Uranium Raa:"é?;g'fzs Th?;'gi'rg')z 30
(cu ft) (%) (pCi/g)
A Sludge and sediment | 1,162,735 14.5 357-12100 6-332 211-16300
Liner soils and
B subsoils 1,262,673 16.7 5-95 0.5-2.1 47-70
Calcium fluoride
C sediments, debris 2,035,362 253 168-520 0.2-0.8 2.1-4.8
p | Contaminatedsite | 5574000 | 445 250 ~ -
soils
Totals 8,034,770 100.0 - - --
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3.4.2 Construction Sequence

In conjunction with the overall sequence and water management strategy above,
the anticipated construction sequence for the disposal cell is outlined below.

The disposal cell is scheduled to be constructed in three phases to minimize
double-handling of materials during cell construction. This phasing allows one
area of the cell base to be prepared for receipt of materials excavated from
another area of the cell. After all three base areas of the cell have been
constructed, materials from outside the disposal cell footprint can be placed

throughout the cell.

As shown on the Drawings (Attachment A), the cell base includes a three-foot
high perimeter berm on the outside edges of the cell. The perimeter berm is
designed with a 3:1 inside slope and 5:1 outside slope to tie into the synthetic
liner and outside slope of the cover. The cell base includes a three-foot high
internal berm on the inside edges of the cell. The internal berm is designed for
the cell base liner system to tie into the adjoining phase of cell base. The
perimeter and internal berms are designed to aid in leachate collection within
each cell.

Stormwater management is accommodated by water retention with berms or
embankments constructed primarily with contaminated site soils, other soils to be
disposed in the cell, and minor amounts of broken concrete. The elevation of the
retention berms will be maintained at a minimum of five feet above the top
surface elevation of the interior materials. The berms will be placed in lifts and
compacted to aid with moisture retention. As shown on the Drawings, the berms
will be raised in an upstream manner (by constructing additional berm with the
centerline toward the inside of the disposal area). Synthetic liner material will be
installed on the inside slopes of the retention berms to enhance water retention.

Initial work consists of preparation for construction of the phase | cell base. This
includes: (1) dewatering of raffinate sludge, (2) emptying and cleaning of the
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clarifier ponds (for stormwater storage), (3) moving of UF6 cylinders from the
phase | cell area, and (4) initiation of building demolition in the phase | cell area
(incinerator building, solid waste building, and Bechtel building). The DUF4
building is just east of the phase | cell perimeter and can be demolished later.

The northeast corner of the disposal cell footprint is primarily concrete or asphalt
that is unaffected by facility operations. The soil sampling and analysis program
conducted by SFC in this area has verified that this area has not been
contaminated. The northeast portion of the cell would comprise the first phase of

the cell construction sequence.

Phase | of the disposal cell would be constructed on top of the concrete or
asphalt pads, with the liner system and perimeter berms forming the cell base.
Following base construction, excavation of materials from the phase Il area of the
disposal cell would be placed in the phase | area. The stormwater retention
berm would be raised as soils are available and as needed for freeboard

requirements.

After the phase Il area foundation is cleaned up and the cell base is constructed,
excavation of materials and building demolition debris from the phase Ill area
would be placed in the phase |l area of the cell. The stormwater retention berm
would be raised as soils are available and as needed for freeboard requirements.
Phase | and Il areas may be joined into one working area.

After the phase lll area foundation is cleaned up and the cell base is constructed,
excavation of materials and building demolition debris from outside the cell
footprint would be placed in the phase lll area of the cell. The stormwater
retention berm would be raised as soils are available and as needed for
freeboard requirements. Phase | through Ill areas may be joined into one
working area.

Work following phase Ill and prior to cover construction includes: (1) ensuring
that materials to be disposed in the cell have been identified and placed in the
cell; (2) ensuring that all contaminated site soils outside of the cell footprint have
been identified, excavated, and placed in the cell; (3) grading the top surface of
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the disposed materials to required bottom-of-cover slopes and grades; and (4)
smoothing the final bottom-of-cover surface for clay layer installation.

3.5 Disposal Cell Base Construction

A multilayered liner system will be constructed to form the top zone of the entire
disposal cell base. The base of the disposal cell will be sloped to drain to the
outside of the cell from each phase to facilitate leachate collection and liner leak

detection.

The excavated surface within the disposal cell footprint will be backfilled with
random fill, placed in lifts and compacted to form the desired elevations and
slopes for the disposal cell base and liner system. The liner system materials are
described below (from bottom to top layers).

The lowest layer of the liner system is a 36-inch thick clay layer consisting of on-
site silty clay placed in lifts and compacted. Above the clay layer is a 6-inch thick
layer of sand (from off-site commercial sources) to provide a bedding layer for a
synthetic liner (most likely 60-mil thickness high-density polyethylene). The sand
bedding layer also serves as a potential zone for collection of leakage through
the synthetic liner should leakage occur. Above the synthetic liner is the
uppermost layer of the liner system, an 18-inch thick layer of sand from off-site
commercial sources to provide a protective zone between the synthetic liner and

subsequent disposed materials. This sand zone also serves as a leachate
collection zone for liquids from the disposed materials and meteoric water within

the perimeter of the disposal cell.
3.6 Disposal Cell Cover Construction

The cover system over the disposal cell consists of a 10-foot thick soil cover on
both the top surface and side slopes of the cell. This cover system is
summarized in Figure 3-2, Typical Cross-Section on East Side of Disposal Cell.

3.6.1 Construction Materials

The disposal cell cover construction materials are discussed in Attachment A.
The material quantities are outlined below.
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Cover system materials. The cover material volume (for the 10-foot thick
cover) totals approximately 258,700 cubic yards. Significantly more material is
available on site than is required for the cover material.

Topsoil. Approximately 30,000 cubic yards of topsoil would be required for the
cover, and 4,000 cubic yards for the perimeter apron. Sufficient topsoil is
available for this volume (and additional volume) from the agland area.

Rock mulch. The rock mulch volume totals 13,000 cubic yards for the cell cover
and 8,000 cubic yards for the perimeter apron. Rock mulch material would be

obtained from off-site sources.

Cover subsoil materials. The remaining cover material volume (subtracting the
topsoil and rock mulch) is approximately 150,000 cubic yards, for the layout
shown on the drawings. The likely sources of this material would be the tornado
berm and settling pond berm materials, as well as the south borrow area.

Synthethic liner materials. Synthetic liner, most likely 60-mil thickness high
density polyethylene, will be installed on top of the clay layer at the base of the

cover (approximately 13 acres).

Clay Layer. The clay layer forms the base of the cover system and consists of a
24-inch thick layer of compacted silty clay. The clay layer material would be
obtained from the borrow area at the south end of the site (approximately 42,000
cubic yards for the cover layer and 70,000 cubic yards for the disposal cell base.

3.6.2 Construction Sequence

The anticipated construction sequence for the disposal cell cover is outlined

below.

1. Construction of the layers of cover on the side slopes of the disposal cell.
The cover material could be placed in horizontal lifts or in lifts parallel to
the outside 5:1 slopes. The rock mulch and topsoil would be placed as

cover areas are completed to final slopes and grades.
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2. Construction of the cover over the top surface of the cell, after the volume
of contaminated soils has been established. The elevation of the top
surface of the cell will be reduced if the final volume of material is less
than 8 million cubic feet (due to higher compacted densities of disposed

materials or lower actual volumes of materials).

3. Transition of the perimeter apron of the disposal cell with surrounding
reclaimed topography to promote runoff away from the disposal cell.

4. Establishment of vegetation on the disposal cell surface, consistent with
the overall plan for mature vegetation development.

5. Establishment and marking of settlement monuments and other
monitoring features on the cell surface and perimeter.

3.7 Institutional Control

Following successful completion of performance monitoring, the custody of the
site will be transferred to the U.S. Department of Energy pursuant to the
provisions of 10 CFR 40.28.

SFC will establish and fence the institutional control boundary (ICB) to limit
unauthorized access. Activities within the institutional control boundary are only
those authorized by the DOE or its contractors, such as monitoring or
maintenance. The proposed institutional control boundary for the SFC facility
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