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Differences in the BGRR Biological Shield Removal Scope

A. Executive Summary

Since the issuance of the Record of Decision (ROD) for the Brookhaven
Graphite Research Reactor (BGRR) in 2005 (Ref. 1) and the Remedial
Design/Remedial Action Work Plan (RD/RA Work Plan) for the Biological
Shield Removal in 2008 (Ref. 2), work has progressed significantly on the
demolition of the reactor pile and surrounding structures. As work
progressed, different approaches were defined to accomplish the goals
described in the ROD with more efficiency and less dose consequence to the
~workers than the approach described in the RD/RA Work Plan, and in one
instance, from the end state described in the ROD. This paper documents
those deviations from the original plans defined in the RD/RA Work Plan in
detail, and discusses the effect of the deviation from the specific language of
the ROD. The conclusion of the paper is that although changes have taken
place in the project work plans, these are changes of approach which have no
effect on meeting the end-state goals defined in the 2005 ROD.

B. Purpose

The purpose of this paper is to describe Significant, Nonsignificant and Minor
Differences in the proposed End State of the BGRR after removal of the
biological shield as compared to the End State anticipated in the ROD and
the RD/RA Work Plan.

The Difference which significantly differs from the ROD is also documented
through an Explanation of Significant Differences (ESD) as required by
Section 117(c) of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA). This ESD, titled Area of
Concern 9 Brookhaven Graphite Research Reactor, Explanation of Significant
Differences for the Biological Shield Removal (Ref. 4) is prepared for DOE by
BSA.

C. Description of the BGRR Biological Shield

The BGRR biological shield and associated components are the structures
that shielded personnel from radiation during reactor operation, and provided
physical support and an airtight membrane around the BGRR graphite pile.

The BGRR Technical Manual (BSA, 1962, Ref. 3) describes the “Biological
Shielding”; however, the term “biological shield” is most commonly used in
describing the structure. The biological shield was constructed of steel and
high density concrete and surrounded the graphite pile and air plenum
chambers. The biological shield was 55'-0” long by 37’-6” wide by 33’-7” high
as measured from elevation 106’-9”. Referring to Figure 1, the biological
shield walls are set 3'-3" lower than the building floor at elevation 110°-0".
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The graphite pile and the plenum chambers were surrounded by the
biological shield. The thickness of the biological shield walls varied by
location from 4’-3” to 5’-6". The outer walls were 3” thick steel plate. The east
and west inner walls were 6" thick (two 3” thick plates adjoined) in the area
immediately adjacent to the graphite pile location and 3” thick elsewhere. In
addition to the four walls, additional elements such as the two 3” thick steel
neutron shields, and the thermal shielding and binding plates in the exhaust
plenums comprised the biological shield.
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Figure 1

BGRR Biological Shield Isometric Cutéway View
(Figure 1-6 from RD/RA Work Plan)

D. Project Summary

In preparation for removal of the graphite pile, the east and west reactor

cooling air intake plenums and the void space beneath the lower graphite pile
bedplates were filled with a concrete grout to prevent the graphite blocks and
debris from falling into these inaccessible areas. Placement of this grout was
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topped at the bottom surface of the lower pile bedplates at elevation 108.2’ |
(Figure 2). BSA completed the removal of the graphite pile in 2010, and
immediately commenced preparations for the removal of the biological shield.

In preparation for the removal of the biological shield, 3-inch thick steel plates
were placed over the upper pile bedplates to reduce the radiological dose to
the workers who would be exposed during the setup and operation of the
torch-cutting and concrete breaking equipment. These steel plates were
secured in place with a concrete grout similar to that used in grouting the
- intake plenums. The elevation on the upper surface of these steel plates and
~ the grout is elevation 109’-0" (Figure 2).

During initial phases of the biological shield removal project, a remote-
operated, rail-mounted excavator with a hydraulic breaker hammer was
utilized to break the concrete on the roof and sidewalls. Once the roof had
been removed, and removal of the sidewalls was in progress, it became
evident that this excavator/hammer unit lacked sufficient force to break the
high-density concrete effectively enough to support the project schedule. The

~ decision was made to deploy a larger excavator/hammer unit which would be
capable of breaking the concrete in the walls at a-higher rate. Once the new
unit was selected, it was determined the building floor as well as the floor
area within the footprint of the biological shield required reinforcement to

- support the machine, which weighed over 35 tons. To accomplish this, the
void areas beneath the Building 701 high bay area outside of the biological
shield footprint were filled with cementious grout, and steel plates were
placed atop this floor surface to evenly spread the load of the new
excavator/hammer unit. To strengthen the floor area within the biological
shield footprint, the north and south outlet air plenums were filled with
reinforced concrete to elevation 109’-0". This configuration not only provided
a solid, void-free surface on which to operate the new excavator, it provided
additional shielding which allowed workers (inciuding the excavator operator)
to enter the interior of the biological shield for the first time in the project to
perform tasks that had previously been inefficiently accomplished by remote
means.
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Figure 2

bl

Section View of Biological Shield during Removal Activities

E. Description of Differences

1. Significant Difference

The BGRR ROD Selected Remedy, Alternative C, states “Removal of the
biological shield will include the removal of the neutron shields and the
steel-encased concrete walls. Loose debris will be removed and a fixative
will be applied to the exposed surfaces.” As stated in 2.0 above, the steel-
encased concrete walls have a height of 33’-7” and their foundations are
seated at elevation 106’-9", 3’-3" below the building floor. The RD/RA
Work Plan further details the selected remedy, describing the removal of
the biological shield down to elevation- 106’-9”. BSA proposes a
completed End State which is different than that described in the Selected
Remedy. The difference is:

a. Biological Shield Foundation below Floor Elevation (Figure 3):
Removal of the biological shield inner steel wall and concrete structure
will take place to the Building 701 floor level (elevation 110’-0"). The
outer steel walls which are free of radiological activation will also be
removed to elevation 110’-0”. The remaining portion of the bioshield
foundation below the building floor will be protected beneath a
reinforced concrete cover. The steel plates that were placed over the
pile bedplates and cementious grout installed during the removal
activities will also remain in place beneath the reinforced concrete
cover. This will provide for a structurally stable long-term configuration,
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with no void spaces, no pathway to groundwater for radioactive
contaminants, and radiological dose rates not exceeding 0.1 milliRem
per hour (mR/hr). The remaining portion of the bioshield wall will also
be documented in an Explanation of Significant Differences document.
This ESD, titled Area of Concern 9 Brookhaven Graphite Research
Reactor, Explanation of Significant Differences for the Biological Shield
Removal (Ref. 4) is prepared for DOE by BSA.
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Figure 3

Section View of Proposed End State
(Typical for North, West & South Walls)

2. Nonsignificant and Minor Differences

The following are nonsignificant and minor differences in the End State of
the BGRR biological shield as anticipated in the RD/RA Work Plan.

Appendix 1 provides a cross-referenced summary of these differences
compared to the descriptions originally included in the 2005 ROD and the
2008 RD/RA Work Plan. The following descriptions summarize the
various differences:

a. Experimental Balcony Removal:

~ Section 2.1.1.4.a of the RD/RA Work Plan states that the two
uppermost balconies (located at elevation 136’-0”) shall be removed in
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their entirety, and the remaining five balconies shall be removed “...to
a point no greater than five feet (5’-0") from the biological shield
attachment points.” The intended purpose of partially removing these
five large experimental balconies was to provide worker and equipment
access during the removal of the outer biological shield steel walls.
During preparation for demolition of the biological shield, it became
apparent that the north and west balconies had to be removed in their

. entirety due to work space restrictions. In addition, BSA estimated that
approximately $40,000.00 in savings was realized by separating the
steel from the concrete in the north and west balconies and disposing
of it in an alternative disposal facility instead of a commercial low-level
waste disposal facility. :

b. Pile Bedplates Removal:

Although they are not part of the BGRR biological shield, the RD/RA
Work Plan anticipates removal of the upper bedplate and skids which
supported the graphite pile. Removal of the pile bedplates is not
discussed in the Record of Decision. As explained above, the
placement of concrete and steel shielding to limit worker exposure was
required for the removal of the graphite pile and the biological shield.
BSA proposes to allow the upper pile bedplates to remain in place due
to worker exposure that would result from removal activities and cost
and schedule considerations of removing the previously-placed
concrete and steel. This will provide a structurally stable long-term
configuration, with radiological dose rates not exceeding 0.1 mR/hr
after installation of the permanent concrete cover over the building
floor at elevation 110’-0".

¢. Chemo-Nuclear System Lead Wall Removal:

The RD/RA Work Plan states that the Chemo-Nuclear System lead
walls will be removed. The Chemo-Nuclear system within Bldg. 701
high bay has been removed in its entirety, including the lead walls, to
provide additional working space for equipment and work execution.

d. Verification of As-Left Radiological Survey/Contamination Levels:

The RD/RA Work Plan anticipates that a final radiological survey will
be performed on the upper surface of the lower bedplates, and that
DOE will independently verify this survey. With the current
configuration of leaving the upper bedplates in place beneath the
existing 3” of steel shield plating and concrete, BSA will perform a
radiological survey of the surface after the biological shield has been
demolished, loose debris has been removed, and a preliminary pour of
concrete has been applied as a fixative. After the survey is performed,
a reinforced concrete floor will be finalized over the footprint of the
removed biological shield to an elevation of 110’. A final as-left _
radiological survey will be performed on this final floor surface to verify
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dose rates are less than 0.1mR/hr. DOE wil independently verify this
survey.

F. Differences in Radiological End Point

The total radioactivity remaining in the pile base plates is calculated to be
~11.2 Curies (Ci) with the majority of the activity being Ni-63 (78%). Ni-63 will
not contribute to the end state radiation levels because Ni-63 is a beta-
emitting radionuclide that will be completely shielded by the proposed
concrete floor. Of the 11.2 Ci of radioactivity remaining in the pile base plates
there will be ~2 Ci of Co-60, which is the main contributor to the end state
radiation levels at the 110’ elevation pile floor area. The 3 inches of steel
and 12 — 14 inches of concrete placed over the pile base plates will provide
sufficient shielding to reduce the end state radiation dose rate to a value of
<0.1 mR/hr at the center of the pile 110’ floor area.

The ROD states that Alternative C (the selected alternative) will result in the
removal of 8,093 Ci from the BGRR complex, with the graphite pile and -
biological shield accounting for 8,044 Ci. With the upper base plate and the
below floor-level bioshield concrete remaining, the total Ci remaining will be
on the order of 15 Ci, which includes residual soil contamination below the
building. Leaving the upper and lower bed plates, as well as the below grade
bioshield, results in 99.8 percent of the initial inventory being removed, vs
99.9 percent if only the lower bed plate remains. Both these figures are
consistent with the statement in Section 11.1 of the ROD which describes the
remedy as removing over 99 percent of the radioactive material inventory at
the BGRR complex, and the change is not considered to create a variance
with the end-state defined in the ROD.

G. Conclusion

It is BSA's conclusion that the differences in the removal scope for the BGRR
biological shield from those delineated in the RD/RA Work Plan are consistent
with described processes and end points in the ROD, and reduced worker
exposure during the removal of the BGRR biological shield. The proposed
end state configuration is consistent with the ROD, is stable, and will not
affect the long-term management of Building 701. BSA believes that this end
state achieves the intent of Alternative C in the Record of Decision, and wiil
meet the radiological end points in the RD/RA Work Plan.

The differences in actions taken have been driven by operational efficiency
and ALARA considerations. The ROD specifies in section 7.0 that one
Remedial Action Objective is to “use the As Low As Reasonably Achievable
(ALARA) principle, while implementing the remedial action...” The removal of
the entire west and north balconies and the removal of the entire Chemo-
Nuclear Loop were driven by operational efficiency. Leaving the upper pile
base plate and the portion of the biological shield below floor-level is driven
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by ALARA principles, and does not affect the end state configuration in any
significant way. The adjustment of the final status survey to reflect the
remaining upper pile bed plate achieves the same radiological end-state goal
relative to dose on the surface of the final floor and contamination levels in
the accessible areas of the building as were specified in the ROD and the
RD/RA Work Plan.

Alternative C, as defined in the ROD, describes the end state of the BGRR as
follows: “...Building 701 will remain intact with a covering over the open floor
space and residual radioactivity within the reactor pile foundation, support
structure, and deep pit stabilized in place and sealed from Building 701...
These contaminants are bound within concrete, embedded within steel or
located within areas that are currently inaccessible and are not considered a
groundwater contamination source term.” The changes described in this
white paper do not affect this described end state. The contamination that will
- remain in the upper bed plate is embedded within steel and bound within the
concrete of the final cap. The contamination remaining in the bioshield below
floor level is bound within the hardened concrete, embedded in the outer steel
- plating, and bound within the concrete of the final cap. This remaining
contamination has no mechanism for infiltrating into groundwater.

Additionally, the ROD states in Section 11.1 that the chosen remedy removes
over 99 percent of the radioactive material in the BGRR complex. As
-discussed above, the remaining upper pile bed plate and below floor-level
‘portion of the biological shield do not affect this commitment. The calculated
removal of inventory is approximately 99.8% based on estimated inventory in
the upper baseplate and the remaining below-grade portion of the bioshield.

The changes discussed in this paper do not affect any aspect of the Land Use
Institutional Controls discussed in the ROD. The last paragraph of the
section in the ROD which discusses Land Use Institutional Controls states
that “Following completion of the BGRR remediation, residual radioactivity will
remain within inaccessible pockets of contaminated soils and contaminated
below grade structures. These contaminants are bound within the concrete
and steel structures and are located within the BGRR complex.” The
changes described in this white paper do not affect this description. The
contamination that will remain in the upper bed plate is embedded within steel
and bound within the concrete of the final cap. The contamination remaining
in the biological shield below floor level is bound within the hardened
concrete, embedded in the outer steel plating, and bound within the concrete
of the final floor. The roof of the BGRR protects this floor from the elements.
This remaining contamination has no mechanism for |nf|Itrat|ng into
groundwater.
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The changes described in this paper do not affect compliance with any
ARARs defined in the ROD. _

H. Reference Documents

1. Final Record of Decision for Area of Concern 9, Brookhaven Graphite
Research Reactor (BGRR) dated January 31, 2005.

2. Remedial Design/Remedial Action Work Plan for the Biological Shield
Removal dated March 28, 2008.

3. Technical Manual, Brookhaven Graphite Research Reactor, prepared by
- Burns and Roe for submission to the US Atomic Energy Commission,
October 1962. :

4, Area of Concern 9, Brookhaven Graphite Research Reactor, Explanation
of Significant Differences for the Biological Shield Removal (date
pending).
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Evaluation of Total Remaining Curie Content of the Brookhaven Graphite Research Reactor
(_G‘:RR) Complex vs. Record of Decision (ROD) Commitments

Prepared: Diane Rocco, ERP Director 12/20/11

Executive Summary

This evaluation is intended to explain the determination that the end state conditions described
in the December 2011 Evaluation of Significant Differences and Remedial Design
Implementation Report describe a configuration that satisfies the commitment in the ROD to
remove 99% of the original BGRR Curie Content as stated in the ROD (8093 Ci).

Table 1 presents the Curie contents of the various components of the BGRR complex as they
were described in the 2005 ROD, which sum to the total of 8093 Curies quoted in the
Alternative C discussion in the ROD. The Table also presents a conservative estimate of
remaining Curie content as of December 2011. Details supporting this table are presented in
subsequent sections, numbered per features in Table 1 below. The conclusion of this _
evaluation is that the-proposed end state of the BGRR reflects removal of 99.82% of the original
8093 Curies, which is supportive of the commitment in the ROD.

1 Feature ROD (Ci) Dec 2011(Ci)
1) Pile ' 3239 0
2) Bioshield 4805 12.3
3) Deep Pit 0.1685 0.1685
4) Fuel Canal 0.0222 0.0222
5) BGD Ext. : 0.8252 0.8252
6) BGD Int. 0.423 0.423
7} Soils 1.81 0.38
8)Sec.4.1,4.2 45.75 0.4575
Total 8093  14.58

% removed 99.82%

Table 1 — Curie Content of BGRR in 2005 ROD

1. Graphite Pile

As of December 2011, the graphite pile has been removed in its entirety. Its current Curie
content is now O Curies.



2. Bioshield

2.1 Curie Content Remaining in the Bioshield Foundation below the 110’ Elevation

The calculation is pérformed sequentially on the three components of the Bioshield and then summed
at the end. The three components are:

e Interior steel
e Concrete
e Exterior steel

2.1.1 Bioshield Interior Steel

Input Data:

e Doserateatlfton East/Wést walls: 10 milliRem (mR)/hr
e Dose rate at 1 ft on North/South walls: 5 mR/hr
» Ratio of dose rate on second layer of 3” steel to interior layer of 3” steel: 10:1

Microshield runs have been performed and documented in the Technical Basis Document for Bioshield
Intermodal Containers (October 2011) which addresses activated steel plate from the Bioshield. The
steel left under the floor will be 3’-3” tall, and will run right around the interior of the bioshield cavity.
For ease of calculation, the Microshield run for the plate that is 3’-6” x 10’-0” x 0’-3” will be used as a
basis of estimating Curie content in the inner steel plate left behind. Per the Microshield run, a plate 3’-
6” x 10’-0” x 0’-3” which contained 0.001 Ci of Co-60 would exhibit a dose rate of 0.887 mR/hr at a foot.
This dose rate would scale linearly with Ci content. Therefore, a plate of that size exhibiting 10 mR/hr
would contain 0.01127 Ci of Co-60, and a plate of that size exhibiting 5 mR/hr would contain half as

' much, or 0.00564 Ci of Co-60. The interior dimensions of the Bioshield are 46.5 ft x 28.5 ft. Therefore,
the interior steel plate of each of the East/West walls will contain (46.5/10) * 0.01127 = 0.05242 Ci of
Co-60, and the interior steel plate of each of theNorth/Sduth walls will contain (28.5/10)*0.00564 =
0.01607 Ci of Co-60. To éccount for the second layer of steel between the inner steel and the concrete,
the total of the inner steel is multiplied by a factor of 1.10 to account for the lesser activation of the
second layer of steel. The total calculated Co-60 for the steel remaining in the below-grade bioshield is

1.1 * 2 (0.005242 + 0.01607) = 0.151 Ci of Co-60.

Using the scaling factors documented in the Technical Basis Document for Bioshield Intermodal
Containers (October 2011), which are based on sampling and analysis of activated Bioshield steel, Table
2 presents the total isotopic content of the activated steel:



Percent Nuclides
: in Steel - | Scaled from
Nuclide | Jan 2011 | Co-60 (Ci)

_C-14 0.15% 7.03E-04
Fe-55 | 0.72% 3.37E-03
Ni-59 | 0.80% 3.74E-03
Co-60 | 32.4% 1.51E-01
Ni-63 | 66.0% 3.08E-01

Total 100% 4.67E-01
Table 2 — Total Activation in Bioshield Foundation Steel

2.1.2 Bioshie_ld Concrete

The total volume of concrete left behind is calculated from the interior dimensions (46.5 ft x 28.5 ft) and
the thickness of the concrete (4.25 ft). By applying the density of the concrete (279 Ibs/cu ft) to the
total volume, one arrives at a total weight of concrete in the areas below floor level of approximately
650,000 Ibs. The Technical Basis Document for Bioshield Intermodal Containers {October 2011) offers a
method of using pounds of concrete to calculate total isotopic content of the concrete, based on
sampling and analysis data of concrete from upper areas of the Bioshield. Assays of the concrete at
floor level demonstrate that the concrete in the Bioshield at these lower elevations is substantially less
activated than the concrete which was closer to the center of the pile. A maximum ratio of 1:4 is
observed between isotopes assayed from the floor level and the isotop,ic concentrations used in the
Technical Basis Document. Therefore, the concentrations of isotopes presented in the Technical Basis

~ Document may conservatively be reduced to a third of their tabulated value in the calculation of the
isotopic content of the below-floor level Bioshield Concrete. Table 3 presents the results of this
calculation:



Weight of Concrete

(Ib): 650,000
Activity

m
Concrete

Nuclide Ci/lb (Ci)
H-3 6.776-07 | 4.40E-01
C-14 1.39E-09 | 9.01E-04
Fe-55 1.62E-10 | 1.05E-04
Ni-59 2.50E-10 | 1.63E-04
Co-60 1.42E-08 | 9.22E-03
Ni-63 2.84E-08 | 1.85E-02
Sr-90 8.98E-09 | 5.84E-03
Y-90 8.98E-09 | 5.84E-03
Cs-137 1.01E-07 | 6.54E-02
Ba-137m 1.01E-07 | 6.54E-02
Eu-152 4.63E-08 | 3.01E-02
Th-234 3.84E-10 | 2.50E-04
Pa-234m 3.84E-10 | 2.50E-04
U-234 3.84E-10 | 2.50E-04
U-238 3.84E-10 | 2.50E-04
Pu-239 5.72E-10 |  3.71E-04
Pu-240 2.45E-10 | 1.59E-04
Am-241 8.54E-10 | 5.55E-04
Total 9.90E-07 | 6.43E-01

Table 3 — Curie Content in Bioshield Foundation Concrete
2.1.3 Bioshield Exterior Steel

The exterior steel is not activated, as has been demonstrated in the Bioshield Characterization Report
and confirmed through project experience. The net contribution of the exterior steel to Curie content of
the below-grade Bioshield is zero.

2.1.4 Total Curie Content of Bioshield Foundation

The Sum of the calculated Curie content of the concrete and steel of the Bioshield below elevation 110’
is 6.43E-01 Ci from concrete, and 4.67E-01 Ci from steel, for a total of 1.11 Curies left in the below-grade

“Bioshield. Forty percent of that total is from Tritium (H-3) which has a relatively short half-life of 12
years. The other two significant contributors are the longer lived isotopes Co-60 and Ni-63.



2.2 Curie Content Remaining in the Bioshield BedPlates

The assessment of the isotopic composition of the upper and lower bedplate is based on sampling and
analysis performed of activated steel plates earlier in the project.

The activity contained in the bed plates was calculated following the graphite pile removal when the
upper bed plate was accessible to survey.

Table 4 provides the activities calculated for the bed plates.

Nuclide Activity (Ci) remaining Total activity (Ci)
in lower 3” bed plate remaining in 6” both
' bed plates
Co-60 0.26 2.07
Fe-55 ‘ 0.02 __0.16
Ni-59 - 0.03 0.24
Ni-63 1.10 874
Total 1.41 11.2

Table 4 — Total Curie Content in Bioshield Bed Plate Steel

2.3 Total Curie Content Remaining in Bioshield

Based on the above calculations, the total Curie Content remaining in the Bioshield Post-Remediation
will be 1.11 + 11.2 = 12.3 Curies. o

3,4,5,6  Deep Pit, Fuel Canal, BGD Exterior to and Below the BGRR

Although the remediation of these areas has reduced the overall Curie content, the contribution to a
calculation of Curie content remaining post-remediation is trivial. For the purposes of this paper, it will
be conservatively assumed that the full Curie content is still present in these features.

7. _Soils

Approximately 1.81 Curies were originally stated in the 2005 ROD to be present in the contaminated soil
around the BGRR (See Table 5). Removals required by the Alternative C plan are the soils adjécent to
the below-ground duct expansion joint #4, the fuel canal concrete structure and associated soils, and
the soils adjacent to the blow-ground duct secondary cooling-air bustle. All these removals have taken
place, as well as the soil below the sample room in the trench area, and those removals account for 1.44
Curies. Therefore, the remaining Curie content in the soils is conservatively stated as 0.38 Curies.



Area
Bustle
Canal OW
Canal CJ
Explt4
Drains OS
Drains IS
RB Trench
BGD
Deep Pit

CuYd cc/ey
35.3 764555
18.5 764555

11 764555
107 764555
3 764555

5 764555

2 764555
69 764555
20 764555

cubic cm
2.70E+07
1.41E+07
8.41E+06
8.18E+07
2.29E+06
3.82E+06
1.53E+06
5.28E+07
1.53e+07

soil

g/cc
1.52
1.52
1.52
1.52
1.52
1.52
1.52
1.52
1.52

Ave
pCi/g
32655
956

14114

~ 425
149
2180
1831.98
4515.6
155.75

pCi

1.34E+12
2.06E+10
1.80E+10
5.28E+10
5.19E+08
1.27E+10
4.26E+09
3.62E+11
3.62E+09

Ci/pCi
1.00E-12
1.00E-12
1.00E-12
1.00E-12
1.00E-12
1.00E-12
1.00E-12
1.00E-12
1.00E-12

Ci

1.34E+00
2.06E-02
1.80E-02
5.28E-02
5.19E-04
1.27E-02
4.26E-03
3.62E-01
3.62E-03

Table 5 — Calculation of Original Curie Content in Soils per 2005 ROD

8. ROD Section 4.1 and 4.2 Actions

removed"
removed
removed
removed

removed

" In arriving at the original total Curie content of the BGRR, the ROD discussed actions which were already
complete in Section 4.1 and actions which were underway as of the date of publication in Section 4.2.
All these actions have been completed; therefore the Curie contents associated with those elements is

0.



APPENDIX D - BGRR Flux Symmeiry Estimates

BGER Flux Symmetry Estimabes ,

The consideration of establizhed fux symmetty in the core of the Bile during zelecton of graphite
sampline poinis was based on historica] infermation provided in the BGRE. Techniral Menns] and
Craphite Fesesrch Reartor Facilities and Services Guide [Ref E]. Figure 7a of Pefercnce & is :
reprodaced 8z Fipure 10 in the wext of this sepor. The following methed was ased 10 estimate that
the averaze fhax across 8 face of the pile was 62% of that at the cenfer. Since the Nosth-Sowth and
East-West flux percentages wese close to each other, an average of both was taker 3= the esfimate of
symumetry. This is considered 1o be within the vncerfzinges of the calculatioas.

The sverape value of §2% was nsed when developing vahzes for dose rafes svd tofa] acsvity when
Limited survey or sample dats was svailsble.

Table A- 1. Estimate of BGRR File Flux Symosetry
: - e Avg
i N5
and
975
975
L]
LR
915
815
]
45
35
135
1a
4

620

Tipte that the percent fiux vahes above were estimated the cuzwes iz Figure 10 of this repoat
{Fizme Ta of Beforence 8). Based on the drop off to abowt 4% st 12 feat Fom the ceanter (pear the
edge of dee pite), the ares outside the pike wonld hawe been exposed 1o substaptizlly less asrron
flesnre. A conservative estimste was mede snd it was sssmmed fhar the metal and concrese outside
the pile sres (beyond 12.5 feet from cemter} wonddd comaprise less than 10% of the total radicecivity
in the pile regioa. :
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based on distance from center of pile
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Fizure 10. Repre:entative Fluz Bata

Sapiple locations and msterial were selected considering this symameiry fo ensure 2
Tepressntative assessment of the enfire bioshield



. Bioshield Base Plate Shielding ALARA Evaluation

Bioshield Survey

Bioshield base plate survey evaluation consisted of twenty survey points performed with a
directional shielded probe of the pre and post base plate shielding condition.

Dose Rate Range Average Dose

(mR/hr) Rate (mR/hr)
‘| Exposed base plates 20 -120 32
Shielded base plates 10 - 25 14
Shielding factor ' 2.3

Radiation Dose Savings
The estimate of the dose saved by shielding the base plates consisted of two parts.

1. The dose saved during the bioshield demolition with the shielding installed on the base
plates. }
2. The dose that we be incurred to cut up, remove and package the top 3” of base plate.

Part ‘1

To estimate the amount of dose savings due to the addition of the base plate shielding, three
RWPs involving entry into and on top of the bioshield were reviewed:

Actual Dose Dose Estimate
RWP (mrem) (mrem)
2010-ERP-043 Bioshield D&D 3,701 4,194
2011-ERP-043 Bioshield D&D 3,695 5,064
2011-ERP-046 Bioshield Entry 448 1,200
Total 7,844 10,458

The dose contribution from the base plate is assumed to be about 1/5 of the total dose rate from
the bioshield walls (4 side walls and base plate), because the base plate constitutes about 1/5 of
the surface area. One could assume that the base plate, without any shielding, would contribute
about 20% of the total dose for the above RWPs, or about 2,090 mrem based on the estimated

dose. However, since the base plate was shielded, and the shielded dose rates were nominally a



factor of 2 lower, then the estimated 2,090 mrem from the base plate could be reduced by the
shielding factor of 2 to about 1,000 mrem, or about 10% of the total estimated dose.

The 10% reduction fo the overall dose received is ~800 mrem to date and up to ~1,000 mrem at
project completion.

Part 2

The dose to remove the upper base plate would require the removal of the existing 3” of steel
shielding, the cutting and packaging of the top 3” inches of the base plate. As stated the dose
contribution from the base plate is assumed to be about 1/5 of the total dose rate from the
bioshield walls (4 side walls and base plate), because the base plate constitutes about 1/5 of the
surface area. Assuming that the base plate without any shielding would contribute about 20% of
the total dose for the above RWPs, or about 2,090 mrem based on the estimated dose.
Considering the fact that the base plate is being removed following the removal of the 4 side
walls the dose would be reduced, but a portion of those savings would be offset because the
cutting, removal and packaging would be primarily done manually.

The 2,090 mrem dose value would be reduced by 50% for a value of 1,045 mrem to cut, remove
and package the upper 3”. of base plate.

Dose Savings Total

Dose (mrem)
Part 1- Use of shielding , 1,000
Part 2 — Remove of base plate 1,045
Total 2,045




