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DECOMMISSIONING CONCEPTUAL STUDY
IN SITU DECOMMISSIONING OF EIGHT
105 REACTOR BUILDINGS IN THE 100 AREAS

I. INTRODUCTION

Hanford was commissioned as a site for the production of plutonium by the
Manhattan Engineer District of the Army Corps of Engineers in 1942. Eight
graphite-moderated reactors and associated support facilities were constructed
in the Hanford 100 Area between 1942 and 1955 to support the plutonium
production effort: reactors 100-8, -C, -D, -DR, -F, -H, -KE, and -KW. These
facilities have now been declared surplus and require decommissioning. (A
ninth production reactor, N Reactor, started operation in 1963 and is still in
operation. The decommissioning of N Reactor is not within the scope of this
report.) The reactor buildings are all designated as "105 Buildings".

The original eight production reactors and most of their support facilities
were deactivated during the period from 1964 to 1971, and have since been
maintained in a safe storage condition. Maintenance activities for these
reactors have consisted of short-term measures adequate to protect the workers
and the environment for the present, and are not adequate to assure
stabilized, long-term control. This report presents the in situ approach as a
viable, permanent decommissioning alternative, and it has been prepared to
petter define costs and schedules for long-range planning purposes.

Kaiser Engineers Hanford Company (KEH) performed the decommissioning
conceptual study based on Appendix F, O0CS Work Scope Statement of
Instructions, for UNC Nuclear Industries (UNC), Richland, Washington, under
the authority of work order B832208.
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II. SuMv ¢

Eight deactivated reactors on the Hanford Site (100-8, -C, -D, -DR, -F, -H,
-KE, and -KW) will be decommissioned by this project. This dec issioning
conceptual study report is based on performing the decommissioning with the
recommended preferred method (in situ). Final se :tion of the method of
decommissioning is dependent upon the completion of the National Environmental
Policy Act (NEPA) pro¢ 3 s. For the purpose of timating this effort, it is
assumed that the work will pbe done as follows.

The work will be divided among three part 3. UNC Nuclear Industries
Decommissioning Operations will do the radiological characterization, all
Decontamination and Decc¢ 1issic¢ ‘ng (D&D) nonexplosive destruction, fixing of
contaminants, and void filling. An offsite explosives contractor will assist
in destruction of some concrete walls. A large scale earth-moving contractor
will construct the burial mound.

Before demolition, loose contam ition will : stabilized. Building walls and
ceilings will be safely and cost effectively demolished using a wrecking ball
and/or :plosives. Most of the reinforced concrete walls that wil reside
within the berm envelope will be retait I. ' e rubble i1l be spread and left
as fill. The tunnels directly under the reactor block will not be filled
because calculations show that the structure is satisfactory for construction
loads and long term soil loads. This will save approximately $1 million. All
other void spaces in the building will be filled using either slurry or
gravel. Structures that require as/ itos removal to facilitate other work,
e.g., transite (asbestos) panels in the K and C Areas, will be individually
removed, placed at the bottom of the storage basins, and covered with fill.

After demolition and void filling is completed, an offsite contractor will
mound over the entire building with earth and gravel to extend a minimum of
16 ft above the reactor block. The mound will be seeded to establish plant
growth which will minimize run-off erosion, and promote transpiration of
precipitation. The depth of the mound will be sufficient so that precipi-
tation penetration will De negligible, theredby reducing the potential for
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radionuclide transport down into the water table. In Hanford's semi-arid
climate, precipitation generally evaporates and returns to the atmosphere
before penetrating 16 ft of earth.

Infrastructure linkages (piping, ducts, etc.) that Jead from outside the
burial mound to the building will be removed or filled with either slurry or
gravel for a distance of at least 16 ft from the perimeter of the mound.

The earthen mound, once completed, will extend 16 ft over the reactor top, and
1s designed to last a minimum of 500 years, thus providing the equivalent
inadvertent intruder protection barrier presented in the Nuclear Regulatory
Commission (NRC) regulation 10 CFR 61. In situ decommissioning of the Hanford
production reactors would yield results that are well within current
Department of Energy (DOE) dose limits. Over the design life of the mound, it
is anticipated that settlement of up to 4.5 ft may occur, with no significant
decrease in the mound's design life. If, during the post-decommissioning
period, differential settlement due to seasoning densification should create
unsatisfactory conditions, they can easily be corrected by the addition of
more backfill. -

All eight feactor buildings will be decommissioned under one project. Work
crews performing specific tasks will be sequenced (upon completion of the task
at one facility, the crew will move to the next until all eight buildings are
decommissioned).

The total estimated cost of this project, including escalation, contingency,
and engineering, is $42,760,000, and is estimated to take 5 years to
complete. The project funding is scheduled to commence with capital equipment
procurement and design in the first quarter of FY 1987, and involves both AR
(Defense Waste and Transportation Management Program) and GE (Material
Production Program) funding sources until decommissioning completion in the
last quarter of FY 1991.
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time, and waste voiume, and thus has been determined by DOE to be the
recommended preferred decommissioning alternative. It should be noted that
the complietion of the NEPA process Environmental Impact Statement (EIS) will
assess all alternatives for environmental impacts prior to selecting the final
alternative to be used for ultimate decommissioning.

This in situ decommissioning provides a degree of environmental isolation
superior to that achievable by dismantling the reactor block and shielding and
then burying the disturbed radioactive material. The 9000-ton reactor block,
left intact, serves as its own high-integrity, long-term radiological burial
container. A typical reactor block consists of a .25 to .38 in. steelplate
outer shell, a 40- to 80-in. thick biological shield comprised of alternating
layers of steel and Masonite, and an 8- to 10-in. thick cast iron thermal
shield, all encasing the stable stack of graphite blocks. Once covered with
earth, this structure can reasonably be expected to provide Ilong-term
containment capability under environmental conditions far harsher than any
that may be encountered in the dry Hanford soil. Should the reactor block be
inadvertently exposed, the majority of radionuclides still remaining within it
would be chemically "bound" in the physical matrix of cast iron and graphite
and would not readily migrate to the environment or contaminate the human food
chain,

The 42-ft to 56-ft high, 3-ft to 5-ft-thick reinforced concrete shielding
walls provide an additional strong extra barrier around the reactor block and
assist in retaining the buried ..iterials in one place. The 16 ft earthen
parrier over the top of the razed reactor (refer to sketches, appendix J) is
designed to isolate the in situ radioactive material from people and the
environment for at least 500 years.

In addition to meeting the technical requirements for decommissioning, the
in situ decommissioning mode, as described in this report, yields very
favorable cost and schedule figures. The materials and equipment required for
this mode are all simple, relatively inexpensive, and available on the Hanford
Site. The concrete rubble for the backfill and mound will come from the
demolished reactor building superstructure. The gravel for forming erosion-
" resistant earth barriers is abundantly available near the reactor sites, and
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can pe transported to the work sites using ordinary earthmoving equipment and
procedures. Once installed, the mounds will require minimal maintenance.

The in situ decommissioning of the reactor block by direct earthen entombment
and mounding with earth/gravel meets the DOE requir ents for disposal and
long-term control of low-level radioactive waste and also meets the
inadvertent intruder protection (refer to References, Section XI.B.)
objectives of Nuclear Regulatory Commission (NRC) 10 CFR 61.

Engineering estimates indicate that the earth mound will last well beyond
500 years with little or no maintenance. Erosion rates have been calculated
for the mound | jed on erosion data for natural soils in similar areas
(Section XI. References, A.l). Based on t 3:se calculations, very little
erosion of the mounds is anticipated. Natural mounds of roughly the same
size, shape, and composition have existed in the Hanford Site for over 13,000
years.

The 16-ft earth/gravel barrier would protect inadvertent intruders and isolate
the radioactive materials from pathways to man and the environment‘for over
500 years. The 16-ft depth of the earthen cover will be sufficient so that
rail iter penetration would be negligit 2 into the site. The potential of
radionuclide migration down into the water table would be thereby reduced. In
Hanford's semi-arid climate, precipitation gener "ly evaporates and returns to
the atmosphere before penetrating 16 ft of eart

Further confidence in the integrity of the in situ mode is provided by the
nature of the buried material itself. An estimated 99% of the radionuclides
of concern in the reactor block are “part of the matrix" in the solid metallic
and graphite components of the reactor and cannot readily migrate to the
environment. Lesser amounts are expected to be in the piping and other com-
ponents that would be buried with the reactor block. The integrity of the
earth cover, the imperviousness of the reactor block structure, the massive
foundation upon which the reactor rests, a | the chemical and physical
stapility of the graphite ma ix all provide assurance that the in situ
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decommissioning mode will meet present and anticipated requirements for the

isolation of radionuclides from pathways that could significantly impact man
and the environment.

[V. PROJECT SCOPE

Improvements to Land

The in situ disposal of the 100 Area reactor buildings will return the
area to a near natural-looking condition similar to the rolling
Quaternary glacio-fluvial sand and gravel hills deposited in the river
pasin area. The immediate land surrounding the reactors is relatively
flat with sparse vegetation, much the same as it has been for several
nundred years. This project will restore the land to a near natural-
looking state with an earth mound used to cover the reactor block at each
of the eight reactor locations.

Institutional control up to 100 years may include access control, minor
maintenance and surveillance, and site use restrictions. The institu-
tional control effort is not included as a part of this report.

Modification of Existing Facilities and Systems

The main scope of this project is modifying (decommissioning) the eight
graphite moderated nuclear reactor facilities. The significant aspects
investigated concerning the facilities are: in situ decommissioning of
all eight facilities, sité-specific procedural planning for individual
facility decommissioning, and estimating costs associated with the
processes.

All reactor buildings have subgrade infrastructure linkages to other
facilities. The majority of the support facilities will be decommis-
sioned prior to the reactor facilities. The scope of this report ends at
the perimeter of the mound. However, infrastructure linkages from the
reactor core to beyond the perimeter of the mound will be sealed off.
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The overall project planning consists of two parts: a decommissioning
conceptual study report and action required by the National Environmental
Policy Act (NEPA). The NEPA process will be a separate document from
this report, and will address the environmental issues and alternatives
relating to this project.

Standard Equipment

Standard equipment will include:
Concrete pump and discharge hoses
Batch concrete plant

. Conveyors

Decommissioning Approaches

The existing eight reactor facilities are in a "safe storage" status.
In situ decommissioning will demolish extensive perimeter portions of the
building in place as well as raze all structures which would extend above
the finished mound contours. Voids will be filled with either local
natural gravel fill material or a cement slurry mix (very lean
concrete). Some voids will be satisfactory with little or no fill. With
considerable portions of the building reduced to rubble, except for
reinforced concrete walls, earth will be hauled from local borrow pits
and placed in, arc i, and ovi - building.

Two decommissioﬁing approaches were studied in this report: decommis-
sioning the buildings one at a time (with each being an individual
project), or decommissioning all buildings under one project. These two
alternatives have been part of the basis for comparison in the cost
estimates.

1. Decommissioning All Reactor Buildings Under One Project

The UNC D&D crew will fix contaminated surfaces, perform most of the
physical destruction, and fill voids. Decontamination and Dec

missioning work crews will systematically perform one task in all
structures before proceeding to the ngxt task. At the point when the

[
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demolition and void filling of the first reactor building is
complete, an offsite contractor will handle the major portions of
earthwork to complete the mound. An explosives expert will also
assist 1in razing portions of the structure. [Interface turnover
points will need to be clearly established for safe operations
considering the many diverse work crews and the potential for
interferences.

gnfnmicc-inninn Carkh Daamt+Aam Dn\i]ding Separate]y

Completely decommissioning each building as a separate project means
all decommissioning would be completed one reactor at a time before
work is started on the next reactor. Offsite contractors (earth-
movers) would come to one site, finish a task (the mound) and leave
the site. The main advantages of individual decommissioning are
discrete budgeting and project work closeout. The disadvantages of
separate decommissioning are that it would cost 33% more and require
nine additional years to complete.

Alternative Plans

The following four alternative plans were selected for analysis and
cost estimation.

a. Plan |
Plan 1 consists of demolishing the reactor buildings, except for
the shielding walls, and unding earth over the reactor Dlocks.
Each reactor building would be demolished and buried before
beginning work on the next reactor, in the following order: F,
H, D, OR, C, KE, KW, and B.

b. Plan 2
This plan would demolish most of the building structure except
for leaving most of the reinforced concrete walls. A minimum of
3 ft of earth fill will be established over all clean demolished
sections of the buried structure. The objectives of 16 ft inad-
vertent protection earthen barrier for the radioactive portion of

the reactor facilities will also be met. (See appendix J.)
‘ .
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Plan 2 would decommission each reactor separately as explained in
Plan 1.

c. Plan3
Plan 3 is the same as Plan | (leaving up the shielding walls
only), but with the work on all the reactor buildings being
performed concurrently. '

The decommissioning would be divided into tasks such as fixing
contamination, demolition, and burial. Each task would be
accomplished for each reactor building in sequence. For example,
fixing of contamination would begin on F Reactor. After the
fixing of contamination was completed on F, fixing of contamina-
tion would begin on H Reactor and demolition would begin on
F Reactor Building. After demolition of F Reactor Building, its
burial would begin while demolition would begin on H Reactor
Building, and fixing of contamination would begin on D Reactor.
This concurrent sequencing of work would continue until all work
was completed on all the reactors.

d. Plan 4
Plan 4 is the same as Plan 2 but with the work done concurrently
on all the 1 1ctors, as explained in Plan 3.

0f the four plans described above, Plan 4 (all reactors decommis-
sioned concurrently, leaving all reinforced concrete walls) was
chosen as the most cost effective (refer to Section IX.G., Economic
Analysis).' Section V of this report, Performance Requirements,
describes the decommissioning effort in detail.

Hazardous Materijal Disposition and Alternatives

The disposition of nonradioactive, hazardous wastes and/or materials,
including asbestos, mercury, polychlori ited biphenyl (PCB) oil, and
possibly other materials, will be addressed 1in the Safety Hazards
Assessment issued by UNC, in accordance with DOE directives, before any

actual decommissioning work begins on a facility. The applicable
i
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Decommissioning Work Procedures will provide explicit instructions to
control the release of any hazardous material during decommissioning
work. Table | 1lists the known significant, nonradioactive hazardous
materials present in the eight shutdown Hanford reactors. Should other
hazardous materials be identified, they will be addressed at definitive
design.

Research into the local, state, federal, and DOE contractural
requirements provided possible alternatives. The items of importance
are: 1) asbestos demolition and removal work practices; including,
personal protective equipment, monitoring, housekeeping, recordkeeping,
and training; 2) asbestos waste methods of disposal; that is, removal to
another area or burial in its original position; 3) PCB disposal; and 4)
mercury disposal; 5) lead disposal; and 6) cadmium disposal.

The Environmental Protection Agency (EPA) has ruled that asbestos removed
during demolition be kept wet until it is collected for disposal. In
addition, it is required that asbestos not be dropped or thrown to the
ground or a lower floor, and that asbestos removed from more than 50 ft
above ground level be transported to the ground in dusttight chutes or
containers (unless it is removed in units or sections). Work on the
reactor buildings will be in compliance with the applicable UNC
industrial safety manual and procedures which require additional control
methods. It 1is recommended to leave the asbestos in its original
location and bury it with the facility. [In situ burial of asbestos is
cost effective and can meet safety and environmental requirements, as
long as proper approvals are obtained and approval terms are complied
with. Additionally, the exposure to wofkers is greatly reduced.

Potential problems arise when consideration is given to burying the
asbestos in situ. The overall concern of any governing agency pertaining
to asbestos is that of airborne emissions above allowable limits. The
burial condition and placement procedures are aspects that need to be
addressed. To bury the asbestos in situ, it would be necessary to obtain
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Asbestos
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Cadmium
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Nonradioactive Hazardous Materials Present in

Quantity
2,100 yd3

320 ton

480 ton

200 ton

640 1b

1,000 1b

Unknown

Location

the Eight Shutdown Hanford Reactors

Preferred Dispositinn

Friable - pipes and

equipment in 105 buildings.

Nonfriable - siding

material on 105 buildings.

Removable - external
shielding, such as
doors, caves, sample
trays, shield sheets.

Nonremovable - tube
caulking inside reactor
thermal shield (105-8,
-C, -D, -OR, -F, and -H).

Nonremovable - tube
caulking 1nside reactor
thermal shield (105-KE
and KW).

Neutron detector bonnets,
monitoring tubes, sheets.

Panel gauges for control
equipment

In transformers.

For facilities demolished
in place, norfriable
asbestos may ue placed
belowgrade. Friable
asbestos will be removed
from buildings and dis-
posed of prior to final
decommissioning.

Will be removed and
disposed of in accord-
ance with applicable
requirements.

Will be disposed of in
connection with final
reactor decommissioning
option.

- Will be disposed of in

connection with final
reactor decommissioning
option.

Material outside the
reactor block will be
disposed of in acci ice
with applicable
regulations.

A1l mercury will be
removed prior to
decommissioning.

A1l PCB remaining in

100 Area shutdown
facilities will be
removed prior to
decommissioning. A
sampling program is
currently being conducted
to determine PCB
inventories.
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an  approval from EPA or its authorized representative agency.
Preliminary discussions initiated by KEH with DOE have led to an
understanding that UNC would need to request DOE to obtain an approval to
designate the site as an asbestos waste disposal area.

The EPA rulings require PC8's to be incinerated at an approved facility.
Rockwell 1is the onsite contractor responsible for transporting PCB's to
an approved facility for final dispositioning.

Mercury is present in some of the instrumentation that was used at
shutdown reactors. Procedures will be in place to identify, collect, and
then either reclaim or dispose of the mercury as required.

Lead 1is present in the reactors in both nonremovable and removable
forms. Nonremovable lead 1is integral to the reactor block in the
caulking for cooling tubes which penetrate the reactor thermal shield.
The EIS will assess the impact of nonremovable, radioactively
contaminated lead. The removable‘ lead (external to the reactor blocks)
is present in shielding material such as doors, caves, sample trays,
viewers, and equipment.

Cadmium was wused in the neutron detector bonnets, monitoring tubes,
sheets for experiments, and other equipment. These hazardous materials
will pe disposed of in accordance with applicable regulations at the time
of decommissioning and will be addressed in a Safety Hazards Assessment
before actual decommissioning work begins. In addition, decommissioning
and radiation work procedures and definitive engineering will provide
explicit instructions for control and disposal of all hazardous materials
during the actual decommissioning work.
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F. Other r~~siderations

The following design elements have been considered and are not part of
the scope of this project.

Buildings (New)

Other structures

Utitities

Special facilities and equipment

Transferred capital property or equipment
. Research and development

V. PERFORMANCE REQUIREMENTS

The eight graphite moderated nuclear reactors in the 100 Areas will be decom-
missioned by initially fixing loose contaminants and then proceeding to
filling subgrade and abovegrade volumes. A b :ch plant will be brought onsite
to mix and pump slurry. Most of the peripheral structures of the reactor
buildings will be demolished using standard heavy-duty equipment. Most of the
reinforced concrete walls will Dbe left standing. Demolition will remove
portions of the building that would extend al ve the finished mound contours.
After rearrangement of portions of the demolished building and completion of
void filling, an offsite earthmoving contractor will construct the mound,
which acts as a protecti' barrier ver tI 1 1w r and demol | s 1

The mound is designed to endure for at least 500 years. The design life of
the protective barrier will be based on the :ngth of time it takes for the
radionuclides in the reactor to decay to a level that prevents significant

radiation exposure to an inadvertent intruder into the mound.

This conceptual design effort presents a feasible concept for reactor decom-
missioning. The design assumes a l0-year post-closure maintenance period and
up to a 100-year institutional control period once the mounds are completed.
The post-closure maintenance period will De required to repair any adverse
settlements of the mound, and assure that the site is stable. Preliminary
calculations show that the majority of settl¢ :nt will occur within the first
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10 years after mound construction. The ability of the topsoil to remain in

place

is partially dependent on the growth of vegetation. The barrier can

also pe observed during the institutional control period to verify that it

performs as designed.

A.

Demolition Process for Each 105 Reactor Building

The mounds covering the reactor building will have minor differences in
size and shape, reflecting the different geometry and size of each
facility (refer to sketches in appendix J). Section 1, which follows,
describes the decommissioning of a "generic" reactor. The next five
sections (2 through 6) describe decommissioning differences for
individual reactors.

1. Demolishing a Typical 105 Reactor Building

The construction materials and arrandement of rooms vary in the
different reactor buildings; basic areas of the reactor buildings are
similar. Comparable areas of each 105 reactor building can be
demolished or buried in situ using similar procedures. The reactor
areas to be decommissioned, as shown in the sketches in appendix J,
are:

. Process area (reactor block)
. Work area
. Storage basins
Inner rod room
. Outer rod room
. Fan rooms
. Valve pit
. "D" elevator
. Laboratory areas
. Miscellaneous abovegrade support rooms
. Miscellaneous belowgrade rooms and tunnels
. Mechanical equipment rooms above the reactors
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The following sections describe how each of these areas will be
demolished and/or filled.

a.

Pracess Area

The process area in this report refers to the reactor block,
which includes a graphite core, cast iron thermal shield, and
alternating layers of steel and Masonite. The process area is
considered solid and incompressible. Any major openings into the
reactor will be sealed before backfilling begins. Care must be
taken when filling around the process area to prevent breaking-
the nozzles on the front and back faces of the reactor or break-
ing the ball hoppers on the top of the reactor. This will
maintain the reactor's containment integrity during mound
construction.

Work Area

Tl work area is adjacent to the front face of the reactor. The
work area is constructed of three 3-ft-thick shielding walls
surrounding the front face of the reactor. The roof deck is a
6-in. concrete siab. The roof will be demolished using a
wrecking ball. Methods cons ered for filling the area
included: 1) filling with gravel using heavy equipment passing
through a slot in the wall formed by demolition, or 2) pumping
sl 'ry into the area. The slurry method was used in the cost
estimate for this conceptual design. The methods have fairly
comparable costs for filling this area.

Stor=~e Basin Area
The storage basin area is located behind the reactor and consists

of the fuel transfer areas, wash ad area, and the fuel storage
basin. The storage basin area abovegrade structure is
constructed of concrete block walls and precast concrete (panel)
tile roof, 10 ft to 40 ft in height. The belowgrade area is
20-ft deep with reinforced concrete columns and walls. The
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abovegrade structure will be ¢ »>lished to grade elevation. The
belowgrade areas will be filled with rubble from the abovegrade
demolition and gravel backfill using earthmoving equipment.

Inner Rod 9~nq

The inner rod room and the control rods are on the left side of
the reactor when 1looking toward the front face. The room is
enclosed by 3-ft to 4-ft-thick concrete shielding walls on three
sides with the reactor forming the fourth wall. The roof is a
1-ft to 2-ft-thick reinforced concrete slab. Entry into the room
is a labyrinth with 3-ft to 4-ft-wide passageways. These rooms
are contaminated and contain structural steel beams and columns
supporting three platform levels of steel grating floors. Slurry
will be used to fill this room.

Quter Rod Room
The outer rod room is adjacent to the inner rod room directly

opposite the process area. The walls are constructed of concrete
block and the roof is precast concrete (panel) tile. Inside the
room are three operating platforms supported by structural steel
columns and beams. The structural steel will be demol!ished and
arranged to reduce voids when the room is backfilled. The block
walls and roof will be demolished using a wrecking ball. The
area will then be filled with gravel backfill.

Fan Rooms

The fan rooms are divided into two areas: the exhaust fan area
and the supply fan area. The exhaust fan area is constructed of
l-ft-thick reinforced concrete walls and roof. The supply fan
area is constructed of concrete block walls with a precast con-
crete tile (panel) roof. The exhaust fan area is divided into
several smaller rooms by additional reinforced concrete walls.
The exhaust fan area will be filled with slurry because of the
effort required to demolish the reinforced concrete and to retain
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the contamination. The supply fan area can be easily demolished
using a wrecking ball. After the area is demolished, it will be
filled with gravel backfill.

Valve Pit

The valve pit is located adjacent to the work area on the wall
opposite the process area. The valve pit consists of an above-
grade and a belowgrade structure. The belowgrade portion is a
16-ft-deep pit with reinforced concrete walls. The abovegrade
portion is 12-ft-high concrete block walls with a precast con-
crete tile roof. The platforms in the abovegrade and belowgrade
areas are steel grating supported on structural steel framing.
The pit is also filled with contaminated pipes and valves. The
abovegrade structure will be demolished and covered with gravel
and the belowgrade part of the pit filled with slurry.

Filling the belowgrade part with gravel would require demolition
of the pipes, valves, structural steel, and platforms before
demolition of the abovegrade part to minimize bridging of the
fill material as it is dumped from above into the pit. In
contrast, filling with slurry will not require demolition of the
structures in the pit area. When the belowgrade area is filled
with s ‘ry, the abovegra sructu ily ‘ble to the
heavy equipment used for demolition and the resulting abovegrade
rubble can be easily ! irranged to minimize bridging.

D Elevator

The D elevator area is adjacent to the process area between the
process area and the storage basin. The D elevator area includes
the D elevator work platform, 'e downcomers, the tool dolly
room, and the fuel discharge chute. The walls and roof in this
area are constructed of reinforced concrete 4 ft to 5 ft thick.
These areas are contaminated and the roofs of these areas extend
over the reactor core. Demolishing these areas would require
additional procedures to prevent 1e release of contamination to

]



UNI-2898 REVO
Page: 19 of 57
Date: 3-2-87

the atmosphere or damage to the reactor core. A relatively small
area of the downcomers (baffles through which cooling water from
the reactor passes) extends above the profile of the covering
mound. The downcomers are located away from the reactor and could
be safely removed to an elevation below the mound contours. The
downcomer height reduction is most cost effectively performed by
explosives due to the heavy wall construction and difficult work
location within the structure. Difficulty in providing access to
fill the areas with gravel, and to fix the contamination makes it
more cost effective to fill the areas with slurry. Contamination
on the downcomer walls will be fixed prior to demolition.

Laboratory Areas/Tool Rooms

The laboratories/tool rooms are within the shielding walls
adjacent to the process area on the opposite side of the reactor
from the inner rod room. The laboratories/tool rooms are three
rooms at three different levels serviced by the F elevator. The
walls around the laboratory area on three sides are 3 ft . thick
and the reactor forms the fourth wall. The floors and roof are
6-in. to 8-in.-thick reinforced concrete. The rooms are
approximately 12 ft to 14 ft high. They will be filled with
slurry, which is more cost effective and supports a more timely
sequencing of work in this case than demolishing the reinforced
concrete roof and floor (refer to subsection D.3, Comparison of
Slurry Method and Gravel Method.)

Miscellaneous Abovegrade Support Rooms

Abovegrade are various other offices, maintenance areas, change
rooms, storage areas, etc. These areas are outside of the
reactor shielding walls and are constructed of concrete block
with precast concrete tile (panel) roofs. A wrecking ball will
be used to collapse these areas before they are covered with
gravel packfill. The concrete debris will be left as fill.
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k. Micra]laneous Belowgrade Rooms

Under the reactor buildings are several tunnels and rooms for
piping, ventilation, and other types of support for the reactor
operation. These areas are generally less than 14 ft high with
1-ft to 3-ft-thick reinforced concrete ceilings. These areas
will pbe filled with slurry for industrial safety precautions to
prevent the ceiling from collapsing which could result in
unpredictable subsidence during the backfilling operations of the
areas above them. Their locations make them inaccessible to be
cost effectively illed with gravel by conveyor or direct
placement methods.

1. Mechanical Equinmant Rooms

The mechanical equipment rooms above the reactor are constructed
of concrete block walls and precast concrete tile (panel) roofs.
These rooms contain the mechanical equipment required to operate
and maintain the C, D, and F elevators and the vertical control
rods. This area also .provides a roof over the bnocess area. The
vertical control rods are inserted in the reactor and will be
left in the reactor. The winches, motors, cables, and machinery
in the upper rooms will be lowered onto the top of the reactors
or into the work area. Spec: | care must be taken here to
protect the top of the reactor . ~ing demolition and until it is
adequately covered with soil. These areas are beyond the reach
of the wrecking ball and will be demolished using jackhammers and
other manual equipment.

Demolishing the 105 B, D, and F Reactor Buildings

The 105-8, -D, and -F Reactors were the first of the eight reactors
to be pbuilt, constructed in August 1943, November 1943, and December
1943, respectively. These three 105 Buildings were constructed from
the same drawings. These buildings will be demolished and backfilled
as described previously for the typical 105 Building, except for the
control room area and the Jaboratory area. These two areas are
discussed in the following paragraphs.

s
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a. fCantrol Room
The control room is located below the inner rod room floor slab,
which is 3 ft thick. _ere are two other rooms between the
control room and the reactor block, which are also beneath the
inner rod room. These rooms together with the control room will
be filled with slurry. Their location beneath the inner rod room
makes them inaccessible to be cost effectively filled with gravel.

b. Laborator- A-ea/Experimental (X) Levels
The laboratory area adjacent to the reactor consists of a below-
grade room, a concrete slab floor at ground level, and two above-

grade rooms separated by a metal grating floor. A metal stairway
leads up to the top of the reactor. The laboratory area is very
narrow, with approximately 20 ft between the shielding wall and
the reactor block. Care must be taken during demolition and
filling to avoid damage to the reactor block. It would be diffi-
cult to use a wrecking ball in this location. The belowgrade
room will be filled with slurry. The abovegrade areas may be
filled either with gravel or slurry. Slurry fill was chosen as
the method used in the cost estimate because of space restric-
tions and proximity to the reactor block.

Demolishina tha 105 DR Reartar Ryjldinn

The DR Reactor was constructed in December 1947. The control room
and surround | offices and rooms are located below the 4-ft-thick
concrete slab floor of the inner and outer rod rooms. A 17-ft-wide
tunnel runs underneath the control room area from the process area to
outside the 105 Building. Areas under the rod room floors will all
be more cost effectively filled with slurry.

The rooms directly below the contaminated inner rod room are not
accessible for soil filling. For the tunnel and the rooms below the
outer rod room, it is more cost effective to fill with slurry than to
demolish the 4-ft concrete floor to fill with gravel. All other
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areas in the 105-DR Reactor Building will be demolished and back-
filled as described for the typical 105 Building (previous section 1),

O ] *he 105-C and 105-H Peactor Buildings
The. 105-C and 105-H Reactor Buildings were constructed in June 1951
and March 1948, respectively, ¢ | contain some differences in

arrangement and materials of construction, as follows:

Both buildings were construc | without valve pits. (More exten-
sive tunnel networks served - @ same purpose.)

The 105-C Reactor block foundation contains narrow short tunnels
in their mass foundations for retrieving balls (3X) used as a
third reactor shutdown method. These tunnels are inaccessible
from above and will withstand the overburden pressures of the
-ft high mound; therefore, they will be left void. ‘

. The wall area and storage basin areas of the 105-C and 105-H
Buildings have gypsum roofs instead of concrete tile. In addi-
tion, the 105-C Building has transite (asbestos) siding on the
abovegrade storage basin areas. (Re: * to the following section
5.a. for a description of the procedure for removing the panels.)

. In 105-C, numerous rooms in the upper part of the building have
transite siding on the walls ins ad of concrete block.

The outer rod room at 105-H has concrete walls instead of the
concrete block 1lls in the typical reactor. These walls need
not be demolished any more than required to permit access for
filling of the voids.

The storage basin for 105-C includes a Metal Examination Facil-
ity, a belowground and aboveground building about 26 ft by 60 ft
with transite siding abovegrade. The abovegrade portion (except
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the transite panels) will be easily demolished, allowed to fall
into the pit, and be covered with gravel. The transite panels
will be removed by special procedures and placed in the bottom of
the pit.

Although the fan rooms are similar to the typical reactor build-
ings, there are significant differences in 105-C and 105-H. The
tunnel and underground plenums are larger, especially on 105-H.
The 105-H tunnel extends far to the east under the fan room and
contains numerous heavy partitions and spaces all covered with a
3-ft-thick slab. This area is difficult to access for cost
effective placement of earth fill; therefore, this area will be
filled with slurry.

Demolishing the 105 KE/KW Reactor Buildings

The 105-KW and 105-KE Reactors were constructed in November 1952 and
January 1953, respectively. The reactor buildings were constructed
using the same drawings and are therefore very similar. The minor
differences in buildings do not justify a separate description of the
demolition procedures to be used for each reactor. The KE and KW
Reactars do, however, have several deviations from the "typical
reactor" (described in section V.A.l of this report) in the following
areas: the storage basin, the outer rod room, the fan rooms, the
valve pit, the mechanical equipment rooms, and the miscellaneous
abovegrade si jort rooms. Descriptions of 1e demolition of each of
tt e areas follow.

a. Storage Basin
The 105-K Area Reactor storage basins were constructed without
the concrete columns in the basins, and the abovegrade walls are
constructed of transite panels instead of concrete block. The
roofs of the basins are reinforced concrete slabs above a heavy
steel support structure. Demolition of the basins can be
basically the same as the typical reactor, except additional
procedures will be required to remove and dispose of the transite
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the same manner as the other transite areas in the K Reactor
buildings (see section V.A.5.a above for details).

6. Removal of Soil From 'M5-F and -H Fuel Storage Basins
The 105-F and 105-H fuel storage basins were backfilled with 20 ft of
earth after being deactivated to stabilize the contamination in the
pbasins. No decontamination was performed in them before they were

filled. In developing cost information it was planned to remove and
screen the backfill from the basins to assure that only material
suitable for in situ disposal remains. Actual backfill removal and
screening determination will be made prior to definitive design.

The cost estimate for this project assumed that the first 18 ft of
backfill were noncontaminated because most of the water had been
drained before the fuel storage basins were backfilled. The
remainder of the backfill was assumed contaminated and would require
special radiological work procedures for the removal and screening
process.

The 105-F and 105-H Reactors will be demolished and filled in the
same manner as the typical 105 Reactor Building.

Use of Wrecking Ball and Explosives for Oemolition

A 5-ton wrecking ball is currently used for most of the demolition work
in the 100 Areas, and will be the primary equipment used for the building
decommissioning. The wrecking ball is attached to a crane with a [00-ft
boom, and can be used for heights of up to 60 ft. This ball can be used
to effectively demolish masonry and reinforced concrete up to 2 ft thick.

For concrete walls and slabs with a thickness greater than 2 ft (in some
areas up to 5 ft thick), it is more cost effective to either leave the
concrete in place or use explosives to demolish it.

Both the wrecking ball and ti explosiv ; break the conc: :e into
rubble. The rubble will be spread evenly or moved to other areas of the

’
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rubble voids as possible. The initial layer stabilization cost 1is
approximately the same for either method. A slurry layer was assumed to
be used for estimating purposes.

Ouring definitive design, individual rooms and spaces will pe investi-
gated to determine critical areas of void reduction. An additional
effort to reduce voids may have to be made in an area such as the valve
pit, which has a great deal of large pipe, grating, and equipment. In
other open areas (such as the work area), an isolated large void would
result in only negligible settlement of the finished mound. -

Slurry Backfilling Verers Gravel Backfilling

Two methods of filling the void spaces inside the reactor buildings after
demolition have been examined: the use of slurry and the use of gravel.
g€ach of these methods would require different equipment and procedures,
and each method has different engineering, schedule, and cost advantages
and disadvantages. Both methods are described and analyzed in the fol-
lowing sections.

1. Slurry Backfill
In slurry backfill the roof is not destroyed, as in the case of
gravel fill; ratr ', some holes are added to the roof for pumping in
the slurry. The overall structure is stronger because of the roof
support in this fill method.

The slurry consists of 3/4-in. minus gravel, soil, Portland cement,
fly ash, air entrainment, and plasticizer. These ingredients are
mixed using standard concreﬁe mixing techniques, and placed using a
concrete pumper. As soon as the cement and water in the slurry are
mixed, the slurry will begin to set up. The slurry will be placed
while it is still in a fluid or pliable state, and will exert an
outward pressure on the walls until it hardens. As the slurry fills
the room, the Ilower layers gain strength and 1limit the lateral
pressure exerted against the wall. For larger rooms where the room
is filled at a slower rate, the total pressure of slurry against the
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of these large machines to work in confined spaces within the reactor
building is greatly limited. To make these areas accessible to this
equipment, additional demolition work is necessary.

Use of conveyor belts is one way of moving large volumes of soil
short distances into inaccessible areas. Conveyors require large
equipment to load the belts and equipment to spread the soil as it
comes off the conveyor belts. Thus, the equipment and associated
personnel required for conveyors make this option more expensive, and
it was not included as part of the cost estimate. Costs incurred
with conveyors are:

Rental
. Movement : ups
. Fuel or electricity
. Operating personnel (at least four men per belt)

The minimum demolition required to fill a room with gravel backfill
is the removal of the ceiling. The reason for the ceiling removal is
the equipment needed to move the dirt around inside the room needs
4 ft to 5 ft of headspace in which to work. If the ceiling was left
intact, the space left between the backfill and the ceiling would be
a safety hazard. When backfilling operations begin on top of the
ceiling, the ceiling could collapse, injuring personnel or damaging
equipment. With the ceiling removed, the backfill can completely
fill the room and backfilling'operation can continue to safely mound
to provide the required cover.

Commarison of Slurry Method and Gravel! Mathnd

Slurry is more expensive per cubic yard than gravel backfill mate-
rial. Therefore, where great quantities of fill are necessary, earth
fill is substantially less expensive than slurry. However, unit cost
of the material is not the only consideration when selecting the
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backfill method. Costs associated with pr« aring an area for fill-
ing, transporting the material, and placing the material also must be
considered.

An example where both methods have comparable cost 1is presented
below. A 20-ft by 40-ft room with a 14-ft ceiling must be filled.
The ceiling is a 6-in. reinforced concrete slab with supporting
beams. The estimated costs for the two methods of filling this room
are:

Sty

Slurry to fill room ($17.24/yd3) $7151

Core drills through ceiling slab 17

($39/nhole, 14 holes) $7277
Gravel

Gravel to fill room ($1.80/yd3) § 747

Demolition of ce ling slab ($8.50/ft2) : _6800

$7547
These costs were ased on the following:

a. In this comparison, the cost of the batch plant/pumping equipment
is considered to | absorl | by voids already designated to be
filled with slurry. The $17.24/yd3 cost will allow for an
evaluation of any additional spaces that may need to be filled.

b. The cost of the gravel includes only the cost to excavate the
gravel from the borrow pit and tr sport it to the site.

c. Demolition of the ceiling slab includes operator and wrecking
ball equipment usage.

As the room height varies, the cost of slurry changes at a faster
rate than the cost of gravel. However, the cost for the core drill-

ing and slab demolition remains constant. As the room height
i
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increases, the slurry method cost will quickly exceed the cost of the
gravel method. Conversely, as the height decreases, the costs
decrease faster for the slurry method than for the gravel method. In
summary, rooms 14 ft or less in height will be more cost effactively
filled using the slurry method. However, rooms 14 ft or higher may
also be more cost effectively filled with slurry based on other
variables.

The time factor of labor must be considered. Material for slurry is
at the jobsite and included in the unit cost per cubic yards of
slurry. This can be placed at a rate of 800 yd3 per day. The cost
of the gravel must include the transport plus the clamshell operator
and rental. Based upon the standard operating procedures for operat-
ing engineers, the 3 yd3 clamshell will place about 240 yd3 per
day.

Another factor to consider is that the batch plant, the pumper and
associated procured equipment will be standing idle if slurry is not
used as much as possible. Startup and cleanup time between opera-
tions also adds additional cost. Therefore, a slurry operation
requires tighter management to be an effective alternative.

Another consideration in choosing slurry or soil backfill is the
scheduling for backfilling inside and outside the building.
t kfilling with soil Kes it nece! 1iry to stagger filling in - 2
inside with filling on the outside to protect walls from unexpected
collapse, which may be hazardous to workers and equipment. This is
necess. ¢ to maintain a minimum difference in fill height on each
side of the wall, so the design stresses of the wall will not be
exceeded by an uneven soil load on one side. In contrast, slurry
exerts a pressure within the design limits against the wall, so the
building could be completely filled with slurry before backfilling
outside the building begins. Slurry costs more than soil, but the
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ability to use it inside the building without t need for concurrent
backfilling outside would minimize scheduling and coordination impact
between demolition and backfilling work outside the building.

E. Ability of Building to Withstand Backfill 2nd Mound Weights

].

Filling Against Starding Walls

Building a ramp against reinfor d concrete shielding walls to
provide access for dumping fill in such spaces as the work areas is
economically more advantageous than using the clamshell for dumping
fill. To do so, however, requires that the wall have the flexural
strength to withstand the substantial loading due to the pressure of
the soil and the surcharge of the equipment,

Preliminary calculation {appendix €), 1sed on appropriate dimensions
of a typical work area enclosure wall, indicate that the wall would
be highly overstressed by the equipment on the ramp. Although the
walls are thick and quite rigid, they were typically reinforced only
to the minimum the code required for temperature reinforcement. In
addition, more detailed calculations would not likely produce accept-
aple stress levels,

Two other alterr ives inv t ed:

a. A notch may be cut in the top of the wall down to a point where
lateral pressures are low enough to produce acceptable stresses.
Approximately one-half to two-thirds the way up the wall, fill
could be placed on one side of the wall. The resulting ramp
could then be used to bring fil up in the inside of the wall,
thus equalizing the pressures in 1e wall,

b. Another alternative is for fill to be placed against = : inside
face of the wall by clamshell and/or conveyor until fill against
both sides was about one-half to two-thirds the wall height, thus
equalizing the pressure on the lower portion. Then the ramp

could be built over the top of the wall.
]
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During definitive design, further investigation of each building and
wall will indicate the best and most economical method for each
case. Wall length, heights, and the number and sizes of openings in
the walls will affect the results.

Maunding Quar Dinac 2nq Tunnels

Ouring the deco __ioning of the reactor facilities, belowgrade
piping and tunnels will be subject to loadings much greater than
those designed for originally. Calculations were done (appendix E)
to determine what structural effects the total 70-ft-high mound and
the equipment used to build it will have on the various sizes and
types of underground p ing and tunnels. Heavy equipment might cause
piping or tunnels to collapse, thus damaging the equipment or injur-
ing the operator. (Piping will eventually fail due to fatigue or
corrosion. The failure was assumed to happen during the 500-year
design life of the mound.) Types of underground piping found in the
facilities 1include vitrified clay, asbestos cement, reinforced
concrete, cast iron, and carbon steel. Approximately 70% of this
piping is 24-in. diameter or less. If pipe of this size failed, it
would neither create large areas of subsidence nor damage construc-
tion equipment. Therefore, equipment loadings and overburden pres-
sures on these smaller pipes were disregarded.

Pipes larger than 24-in. diameter were analyzed (appendix E) to
determine if they would fail under the equipment loads or soil over-
burden loads. Maximum equi; :nt wheel Tloads were based on the
largest equipment assumed to be used, a truck with two 50 yd3
bottom dumping trailers. None of the pipes were found to fail under
soil loads alone and most of the piping will withstand the maximum
wheel load without failure if it has a 2-ft 6-in. soil cover.
Concrete pipe in the 30-in. to 66-in. diameter range will require a
5-ft minimum soil cover to withstand the maximum wheel load. Exist-
ing depths of these pipes must be determined during definitive
design. Lighter vehicles could be used to add the soil cover to
reach the 5-ft cover height.

#
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Mounding Over Floors/Roofs

There are several factors to be considered as to whether or not all
floors in the reactor buildings must be demolished prior to earth
fill, or if some floors may be l¢ : in place creating voids in the
mound. Maximizing the number of voids in the earth mound could
produce cost savings for the total decommissioning effort. However,
the remaining voids could allow long-term settlement of the soil mass
if the voids coll. je. In addition, the void areas might require
special techniques and safety precautions during mound construction
to avoid collapse. Imposing e 1ipment weight limitations and
stringent safety precautions on a contractor would escalate costs.
Ther ‘ore, all pertinent factors ed to be included for a final
decision as to whether or not a certain void is acceptable.

Various floor construction systems 2 structurally evaluated as to
their capabilities to support construction loads and the final long-
term soil loads. The evaluation was done specifically on the
100 | /KW Reactor complex. This complex was assumed representative
of the other eight reactors with respect to floor construction
systems.

Two specific floor systems that a; ‘:ared to be good candidates for
voids 1 e evaluar : tI reacts block foundation system and the
(reactor shutdown) ball (3X) room. The following sections discuss
both floor systems.

a. Reartor Block Frundation System

A typical reactor block rests : a massive concrete mat founda-
tion. The KE/KW mat is 20 ft 6 in. thick. The concrete (except
-B, -D, -F, -H, -DR) mat contains tunnels for the retrieval of
the boron balls used for the 2actor's third shutdown safety
system. To determine whether the tunnels should be filled during
decommissioning, structural calculations were performed on the
KE/KW mat. The calculations (appendix E) indicate that the
additional soil load on the reactor block would not overstress
the reinforced concrete surrounding the tunnels, 1i.e., the
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tunnels would not collapse. Calculations were also performed
(appendix E) to determine if the concrete would support the load
if the reinforcement was lost due to corrosion. Even without
reinforcement, the stresses in the concrete are below the allow-
able.* In conclusion, these tunnels need not be filled because
the surrounding structure is easily capable of supporting fore-
seeable construction loads and long-term soil loads. Not filling
these tunnels would result in cost savings of approximately
$964,000.00.

b. Ball 3X Room
The ball 3X room is beneath the inner rod room at elevation
(-)17'-6". Its approximate size is 30 ft by 40 ft. The inner
rod room floor slab above the ball 3X room is 4-ft thick
reinforced concrete. A structural analysis was performed on the

floor slab (appendix E) using a uniform load equivalent to 65 ft
of soil. The slab was analyzed using the working stress design
i hod and found to be overstressed by a factor of 7.6. An
ultimate strength analysis was then performed on the slab,
indicating that the slab was overstressed by a smaller factor of
6.9.

Using the ultimate strength analysis, the allowable soil height
placed on the slab prior to yield was 4.9 ft. This amount may
set  small when compared to the thickness of the slab. However,
thick slabs and walls in a reactor structure are usually for
radiation shielding and contain minimum steel reinforcement. As
shown on the allowable floor loading plan (drawing H-1-21052,
References, Section XI, C.), the inner rod room allowable live
load is 250 psf. This is equivalent to 2.3 ft of soil. There-
fore, the 4.9 ultimate soil load prior to yielding does not appear

*As defined in ACI 318-83, "Building Code Regquirements for Reinforced
Concrete," 1983.
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After the demolition and backfilling within the reactor building is
complete, the backfilling outside of the building will begin.
Selected backfill from borrow pits located near the reactor will be
self-loaded into scrapers or loaded into bottom dump trucks with
front end loaders. The loads will be hauled to the reactor site and
dumped in [2-in. to 18-in. lifts. The bulldozers will spread the
material, and assist in leveling the fill and shaping the mound as
required.

Ceeding *= Mound Yersus Le=ving a Rocky Surface

The resulting earthmound will be approximately 70 ft high. Two
options for surface stabilization to minimize wind and water erosion
were studied: seeding and leaving a rocky surface. For this con-
ceptual design report the seeding method was used as a basis of the
cost estimate. Seeding a soil layer with grass prevents erosion of

the mound surface, provides surface moisture removal by plant trans-
piration, and deters the growth of deep-rooted plants. Discussion of
both methods follows. Further analysis of alternatives may be done
in definitive design.

The mound will be covered with a 2-ft layer of topsoil and seeded
with shallow-rooted indigenous plants. The seeded topsoil will
require maintenance during the 2-month germination period to ensure
that seed and soil are not blown away before the plants take root.
Indigenous plants provide a natural-looking mound which blends into
the surrounding terrain. The topsoil and plant growth absorb water
and reduce water seepage into the mound. The mound will require a
flatter -slope than the rocky surface to prevent erosion of the
topsoil.

The alternative method of stabilization is to provide a rocky sur-
face, either by leaving the gravel exposed or by adding a layer of
broken basalt rock. This surface minimizes deterioration while
remaining permeable and preventing ponding of water and excessi

runoff. The mound may be built at a steeper slope requiring less

material.
']
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The final makeup of the rubble (the percentages of various materials,
sizes, amounts, and demolished condition of rubble) is difficult to
determine. Because of this, settlements of the mound due to the
rubble cannot be estimated as accurately as settlements due to the
soil. [f grading equipment or a vibratory compactor is well-routed
over the rubble area, it is estimated that 4 ft of rubble will not
settle more than 6 in.

Voids

Settlements resulting from voids can appear in the mound both during
and after mound construction. Small voids in the mound backfill and
rubble will result in uniform settliements which will have a minimum
adverse effect on the mound. Large voids may result in large local-
ized settlements after tne mound is completed. Localized settlements
during construction of the mound could result in injuries to person-
nel, damage to equipment, or delays in construction. To prevent
large localized settlements, large voids will be filled before mound
construction.

To determine which large voids require filling, a comparison of
tunnel size to depth of expected settlement was made as shown in
figure 1. As an example to show how to use this graph, a sguare
tunnel, with cross section dimensions H (feet) by (feet), is buried
a depth of d (feet) below the surface of the ground. An opening with
the same cross-section dimensions as the tunnel is made in the top of
the tunnel and the soil is allowed to flow into the tunnel until a
stable slope is obtained in the tunnel. The settled soil above the
tunnel would be in the shape of an inverted frustum of a cone that
has the same volume as the soil in the tunnel. The graph in figure |
shows the relationship between the size of the tunnel, depth of
cover, and the expected settlement resulting from the filling of the
tunnel,

For example, an 8-ft-sguare tunnel with less than 5 ft of cover would
result in the total soil cover over the opening settling into the

tunnel. By placing another foot of cover over the tunnel (total
y :
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cover 6 ft), a settlement of approximately 3 ft would occur. This
would assure 3 ft of cover over the tunnel and minor 2ttlement which
would not result in personal injury, equipment damage, or
construction delays.

Soil Settlement

As the soil is excavated, the density will reduce and, depending on
the way the soil is backfilled, part of the density will be
regained. During the post mound construction period, the density
will continue to increase but at a relatively rapidly decreasing
rate. The post construction increases in density will result
settlements within the mound.

Relative density is one method of determining the expected settle-
ments. Table 3 shows the expected settlements associated with a
gravelly soil with a maximum dry density of 109 1b/ft3 and a mini-
mum dry density of 81 1b/ft3., The settlement due to increased soil
density is shown in table 3 as a percentage of the height of the
backfill material. |

A gravelly soil backfilled using heavy equipment, which has been
conscientiously routed over the fill, will compact to a placed rela-
tive density of the placed soil of about 65%. As the backfill ages,
the relative density of the placed soil will increase and the mound
will settle. The so0il settlements will occur continuously at a
decreasing rate with most of the measurable settiements happening in
the first 10 years. The post-construction relative density at this
time will be 75% and result in a 3.2% or 2-1/4 ft of settliement for a
total fill depth of 70 ft. Wwhen a clamshell is used to place the
gravel soil, the placed relative density will be about 55%. The
resulting settlement will be 6.4% for a post-construction r ative
¢ 1sity of 75% or 4.5 ft for a 70-ft fill height.
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deliberate compaction would not increase the integrity of the mound
and would result in additional cost, compaction operations were not
included as part of this project.

H. D_eginn Il ifa _{‘nq_gidnwafiﬂg qi tha Mound

1. Infrastructure Linkages

Openings such as pipe, ducts, or conduits that lead from outside the
burial mound to within the shielding walls are defined as
infrastructure linkages. All such linkages that could be used as
access (by man, rodents, reptiles, insects, etc.), or provide a means
of unobstructed flow for water or air will be removed or filled with
slurry or gravel for a distance of at least 16 ft (see appendix F).

All of the reactor buildings have numerous pipes and conduits leading
into and out of the building., The most critical are those that con-
nect the reactor block with the outside, such as cooling water supply
and effluent lines. In order to provide a barrier of maximum reli--
ability, lines that penetrate the reactor block will be filled with
slurry for 16 ft between the reactor and the point at which they
enter the building. They may be severed and sealed off with fill at
the most accessible location within the building.

Other 1i1 , such as water and process sewer lines that enter
basement areas belowgrade, will be severed at the point of
penetration, or as required to terminate the linkage, providing a
16-ft barrier,

Lines such as sanitary sewer and service water lines under floor
slaps will be left undisturbed unless they connect to linkages into
the critical areas of the building.

Tunnels that connect the basement area of the building with the
outside will pe breached and filled.
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Slrpe Stapility

For the mound slopes to maintain their stability, they must be less
than the natural angle of repose of the material used. Both gravel
and topsoil were considered as the outer cover layer of material for
the mound, and topsoil was chosen.

Gravel has a natural angle of repose of approximately 1-1/2 horizon-
tal to 1 vertical. If undisturbed by outside forces, the gravel
would remain at this slope. However, melting snow, animals, plant
growth, wind and other natural forces will cause raveling and slough-
ing of the gravel. Therefore, a slope of 2 horizontal to 1 vertical
will be used to rec :e the erosive effects on the mound and increase
the endurance of the mound slope.

The natural angle of repose of topsoil is about 2 horizontal to
| vertical. When topsoil is used to ‘ovide a 2-ft cover layer over
the mound, a slope of 3 horizontal to 1 vertical is considered ade-
quate. This slope would minimize = e erosion of the topsoil during
the planting and watering required to establish a cover of vegeta-
tion. The sketches in appendix J show mounds designed with a 3:1
slope.

Topsoil mound slopes of 5:1 ‘e u | for ti iIst estimate because
heavy equipment can get up to the top of a mound of this grade from
any direction. The optimum slope will be determined during defini-
tive design.

Probablé Maximum Flood

The probable iximum flood (PMF) for the Columbia River as defined in
Hanford Standard Design Criteria SDC-4.1 will result in a flow
through Hanford of 1,440,000 ft3/sec. The Corps of Engineers has
defined this flood as one "representing flood discharge that may be
expected from the most severe cor ination of meteorological and
hydrological conditions that are reason. [y possible in the
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region."* The maximum flood in recorded history was in 1894 when the
calculated flow at Hanford was 800,000 ft3/sec.

The floor elevations at the reactor buildings and water elevations at
PMF are in table 4.

The PMF is IOwer than the first floor elevation of every reactor
building. The calculated flood levels are not expected to cause
significant erosion of the mound surface nor cause release into the
groundwater of contaminants from within the mound. In the event of
recurring, catastrophic long-term flooding (due to watershed and/or
changes in climate that would cause removal of the mound), the
massive reactor block would be exposed. Even then, the majority of
radionuclides within the block would still remain in the matrix.

4. Survey and Marning
The location of the centerlines of each process area and its shield-
ing walls will be mapped during definitive design, enabling future
location of the buried reactors if ever required.

The location of the -B, -C, -D, -DR, -F and -H reactor facilities are
given on existing drawings using the Hanford Plant Grid system. The
-KE and -KW facilities can be located by the K Area Grid. Both of
these grid systems are common only to the Hanford Site.

During definitive design, coordinai . for locating the decommissioned
facilities will be converted to the Washington Coordinate System
(Lambert grid system). Use of the Lambert coordinates will enable
these areas to be readily referenced to United States Geological
Survey (USGS) or National Geodetic Survey (NGS) control stations.
The Lambert coordinates will facilitate location of the
decommissioned facilities some time in the future when the Hanford
and K Area grids are no longer in use.

*“EQaluaE;bn of Impact Potential Flooding Criteria on the Hanford Project"
DO%-RL, 1976.
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10 CFR 61**
40 CFR 61
Subpart M

40 CFR 761

40 CFR 1500-1508

45 CFR 20694
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Title 10, Chapter 1, Energy
Part 61, December 30, 1982

National Emission Standard for
Asbestos

Polychlorinated Biphenyl (PC3s)
Manufacture, Processing, Distri-
bution in Commerce, and Use
Prohibition

Council on Environmental
Quality Regulations

Compliance with the National
Environmental Policy Act; Final
Guidelines, March 1980

4. Occupational Safety and Health Standards

OSHA 1910
OSHA 1926

8. Federal Government

1. Department of Energy

Headquarters
DOE-EV/10128-1
DOE Or: 5440.18

OOt Order 5480.1A

DOE Order 5480.2

General Industry Standards

Construction Industry Standards

Decommissioning Handbook

S :ntation of the National
Environmental Policy Act

Environmental Protection, Safety,
and Health Protection Program for
DOE Operations

Hazardous and Radioactive Mixed
Waste Management

* Dates w1ll be assigned at definitive design. . .
** Guidelines for teChnical design for inadvertent intruder protection.
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DOE Order 5481.1A Safety Analysis and Review System
DOE Order 5820.2 Radioactive Waste Management
Richland Nmaprations
DOE-RL Order 5480.1 Chg. 1 Environmental Protection, Safety
Chapt. 9, Part A and Health Protection Program for

Richland Operations - Part A,
Explosives Safety, June 24, 1982.

DOE-RL Order 5481.1A Safety Analysis and Review System

DOE-RL Order 5700.2 Project Management System (adapted
as guidelines for decommissioning
projects)

2. U.S. Nuclear egulatory Commission

U.S. NRC Regulatory Guide 1.86 Termination of Operating Licenses
for Nuclear Pt :r Plants

UNC Nuclear Industries
The proJect incol orates the standards from appropriate UNC documents for

the folilowing activities:

Radioactive and other hazardous materials shipment
Radiation and environmental control

. Industrial safety
Quality assur ce

UNI-M-10 REV2 ALARA Program and Radiation
E. osure Reduction Guide

PNL-4722/UNI-2522 Allowable Residual Contamination
Levels for Decommissioning
Facilities in the 100 Area of the
Hanford Site.

UNI-3560 Surplus Facilities Management
‘ Program P1
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VII. SCHEDULE
The project master schedule is contained in appendix B.
VIII. METHODS OF PERFORMANCE
A. Wo-¥ Planned for the QOperating Contractor
The operating contractor will perform the mechanical (nonexplosive)
demolition and void filling, and provide overall project management
during design, procurement, construction, and inspection on this project.
8. Fixed Price Construction
A fixed price construction contractor will build the earth mound, and
another fixed price contractor will perform the explosives work during
demolition,
C. Ongita Aw~nitact.Engineer Work
The onsite architect-engineer will perform the definitive design for this
project.
D. Procurement Str>+~-~-
The batch plant and pumping equipment will be a competitive procurement.
Rental of comparable pumping equipment for eight reactor buildings would
c : $1,360,000 3. roar mooc.
IX. REQUIREMENTS AND ASSESSMENTS
A. Safeguards and Security

The special decommissioning procedures for use of explosive demolition
will De reviewed and approved by Safeguards and Security. No other
additional safeguards or security measures are required by this project.
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This project will remove the vacated buildings that require stringen
routine monitoring and surveillance of the multi-portaled structures.
The mound barrier will significantly simplify the area surveillance for
the institutional control period.

Safetz

b 'ards associated with this project will be mitigated by strict compli-
ance with DOE-RL 5481.1A, Hazard Analysis.

A Decommissioning Project Readiness Review (DPRR) 1is required prior to
the start of any project. The hazard analysis will be performed as
required by DOE-RL 5481.1A. A detai 2d Project Safety Plan will be
prepared prior to the stai of this project according to the plicable
industrial safety manual. The project safety plan will address, as a
minimum, the following items:

A demolition plan to delineate measures to assure that mechanical

demolition of such areas as roof, floor, interior partitions, etc.
can be performed safely.

An engineering survey to assess stability, floor loading, etc. during
demolition.

Access, egress during demolition.

Storage and handling of materials i debris.
Explosive safety

- Blasters' qualifications

- Transportation

- Storage

- Controis and warnings during explosi* demolition

- Posting of restricted area

- Control of radio frequency energy during explosive demolition
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Fire protection during demolition.

This project will occur in a controlled area. Decontamination and expo-
sure reduction techniques will conform with the applicable radiation
practice manual, prior to and during the project. The fundamentals of
the as low as reasonably achievable (ALARA) objective shall be applied,
as required by UNI-M-10. The Allowable Residual Contamination Levels
(ARCL) method (reference XI.A.3) will be used to determine allowable
residual contamination levels for decommissioned facilities.

Most of the estimated 40 man-rem (UNI-2619, References, Section XI.A.l)
of occupational exposure is expected to be used during the removal! and/or
fixing of loose contamination in the buildings prior to the superstruc-
ture demolition work. This preparatory work will, for the most part, be
conducted in a low-radiation (2 to 3 mrem/hr) area.

Implementation of this project will require the removal, movement, trans-
port and disposal of asbestos, PCB's, mercury and other hazardous
mater- |s. The requirements of OSHA 1910 and EPA regulations will apply,
respectively. - Section IV.E. of this report, "Hazardous Material
Disposition and Alternatives," discusses hazardous materijals disposition.

Contractors will be required to take all reasonable precautions in the
performance of their work to protect the health and safety of their
o , sut Hn ¢C , ‘ating « o : s, and DOE © ‘son

At all times, the project area will remain accessible to emergency
vehicles or personnel, and emergency evacuation of personnel must not be
obstructed.

The construction support facilities will utilize the accommodations that
have already been established for decommissioning the ancillary
structures. The utility services have been restored in the support
facilities. The decommissioning operations office may use either the
refurbished 108-F and/or 105-8 Building, depending on work locality.
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Envirrnmental Evaluation

In support of the ultimate disposition for the decommissioning of the
surplus 100 Areas at the Hanford Site, an Action Description Memorandum
(ADM), "Decommissioning of the Shut-Down Hanford 100 Area Reactors
(UNI-2983, dated September 1, 1984)," was issued as part of the NEPA
process. The action required by the NEPA regulations, DOE Qrder 5440.18,
the Council on Environmental Qua :y Regulations (40 CFR Parts
1500-1508), the DOE NEPA Guidelines (45 FR 20694), and other
environmental statutes will be complied to within the implementation of
the project. No decommissioning alternative will be implemented until
the NEPA process is comp 2ted.

Decontamination ¢ commicsioning

Decontamination of the reactor buildings (i.e., removal of contaminants)
will be held to a minim ., The main areas of concern are those which lie
above the top of the reactor block or . grade level, and which will be

demolished during the process.

Areas or voids below the top of the reactor block and/or at grade level
where personnel entry is anticipated will require study during definitive
design to determine the extent and nature of the contamination.

The type of contamination of greatest concern in this pro; :t is tl
loose particulate type (dust or small particles) ich tends to migrate
to other areas when disturbed.

Another type of contamination, deposited contamination, is attached to
surfaces by direct adhesion, physical, 1d/or chemical attraction, or is
imbedded into a surface.

Fixation ¢ the contamination to reduce its potential for migration can
be achieved by multiple methods. For so  areas belowgrade, this can be
accomplished during the filling of the void with slurry, rubble and/or
soil. In some rooms, openings could be made in the ceilings and portable
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high efficiency particulate air (HEPA) filters mounted over several of
the openings. As the grout fills the void, displaced air would exhaust
through the filters which would trap the loose particulates.

Orains in laboratories, wash stations, and other areas could be filled
and fixed at the same time by the addition of a foaming material such as
a polyurethane or similar material. The material would fill and trap the
contaminant in the drain. Another method would be to use leftover slurry
(very thin) to fill the drains.

Loose contamination can be removed by dry vacuuming. Walls, ceilings and
floors can be dry vacuumed using portable equipment and then immediately
demolished, creating minimal dispersion of loose contamination.

In areas where vacuuming is not practical, coatings may be applied to
cover and retain the contamination on the surface. Two types of coatings
can be applied to fix the contamination: a strippable coating (i.e.,
ALARA coating or equal), or a sodium silicate coating.

The strippable coating is basically a latex-based film 1 to 3 mils in
thickness that dries rapidly and adheres to the surface in a continuous
film. The film will contain the contaminants during demolition, permit-
ting only minimal dispersion into the air at the shear planes.

The sodium silicate solution produces a glass-like brittle coating ' ich
adht s tightly to st ‘aces. The coating not strippable in a contin-
uous film.

Application of either coating would be by an airless multi-nozzled spray
system. The spray system and associated piping should be designed to
provide adequate surface wetting of all areas to be coated and to operate
semi-remotely.

A column in the tables in appendix D tells whether contamination is
suspected in each area to be filled.
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Nitali+y peenirance

The overall impact level of this proje« for cost estimating is Level III
as described by UNC's Quality Assurance policy. The project work will
involve minimal radiological exposure for the in situ decommissioning of
the structures and it is not envisag that conditions will warrant
Impact Levels [ or II. The overall long-term effect of the project will
be assessed at definitive design.

A different overall impact level designation may be applied during
definitive design. If a higher overall impact level is assigned to the
project, a lower impact level may be applied to subtier items,
components, systems, etc., provided the consequences of failure satisfy
the criteria for the impact ler | ¢ ssification as defined in QAI 1.0.
The impact level designations of the subtier items, components, systems,
t ., will be ass jned and docur ited as a part of definitive design.

The overall quality assurance requirements will be in compliance with
UNC's Quality Assurance policy. Additional. project requirements may be
added by letters of instructions, prc 2ct management plans, or other
contractural docu 'nts.

The specific quality assurance re¢ 1irements for decommissioning
construction will be established by the architect-engir * and inclue
in the definitive design documents.

Maintenance Requiremants

The mound wi | be stabilized by covering it with a 2-ft layer of topsoil
and seeded with shallow-rooted indigenous plants. The seeded topsoil
will require maintenance during the 2-month germination period to ensure

that seed and soil are not blown away before the plants take root.

The maximum expected soil settlement is 4.5 ft. A postclosure observa-
tion and maintenance period of at least 10 years will ensure adequate
stabilization. Any surface slumping that develops from fill material
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settling will be filled as required by the landlord. The mound will
continue to be under institutional control for up to 100 years beyond the
postclosure stabilization period.

Engineering estimates indicate that the earth mound will last a minimum
of 500 years with little or no maintenance, given typical uniform
climatic and geologic conditions. Erosion rates for the mound are basad
on erosion data for natural soil in similar areas; very little erosion of
the mounds is anticipated during the 500-year period. Natural mounds
roughly the same size, shape, and composition have existed on the Hanford
Site for thousands of years.

Economic An2lugig

Cost estimates were done for the four alternative plans for this
project. (The four plans are described in Decommissioning Approaches,
Section [V.0.)

Plan 4 (all reactors decommissioned concurrently, leaving reinforced
concrete walls) was chosen as the most cost effective. The cost estimate
for Plan 4 is in appendix A.

The overwhelming cost factor in favor of Plan 4 is the decoomissioning of
all eight reactors under one project. The cost escalation factor is only
39.6%, as compared to the percentages for decommissioning each reactor
uni -~ a separal opro t: 1 .F, 29.07%; 10! {, 44.83%; 105 - _!, 60%;
105-D, 78.97%; 105-C, 98.88%; 105-KE, 122%; 105-KW, 146%, and 105-8, 174%.

Another contributing cost factor in favor of Plan 4 is leaving the rein-
forced concrete walls. This decreases demolition time and results in a
cost savings of approximately 30%.

A cost comparison of slurry versus gravel methods for filling void spaces
is discussed in Comparison of Slurry Method and Gravel Method,
Section V.D.3.
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H. Other Pnngjﬂﬂrations

The following items have been considered and are not applicable:
Energy Conservation
Communications Requirements
Provisions for Fallout Shelters

X. REQUIRED CHANGES AT P JECT COMPLETION

UNC Nuclear Industries will change the following documents and drawings, as
required, upon completion and final acceptance. Other applicable 100 Area
documents will be designated at definitive design.

A. Documents

UNI-3560, "Surplus Facilities Management Program, PROGRAM PLAN,"
November 18, 1985.

8. Drawin~c

H-1-15855 DOrawing List (15 Drawings), "Contaminated Zone Markers
100-8/C, D/DR, F, H, & K Areas," March 1983, Kaiser Engineers Hanford.

XI. REFERENCES
A. R—ennr_t_S.
1. UNI-2619, “Assessment of Decommissioning Alternatives for the

Shut-Down Hanford 100 Area Reactors,” May 15, 1984, UNC Nuclear
Industries.

2. UNI-2983, "Action Description Memorandum Decommissioning of the
Shut-Down Hanford 100 Area Reactors," September 1, 1984, UNC Nuclear
Industries.



C‘

UNI-2898 REVO
Page: 57 of 57
Date: 3-2-87

3. Preliminary Engineering Study R-83-14, REV1, ™"Cocooning of 105-F

Reactor,"” September 12, 1984, Kaiser Engineers Hanford (revised
November 1986).

4. PNL-4722, UNI-2522, UC-70A, “"Allowable Residual Contamination Levels
for Decommissioning Facilities in the 100 Areas of the Hanford Site,"
W. E. Kennedy, Jr., and B. A. Napier, July 1983, Pacific Northwest
Laboratory, Richliand, Washington.

Guidelines

Code of Federal Regulations

10 CFR 61, "Licensing Requirements for Local Disposal of Radioactive
Waste," U.S. Nuclear Regulatory Commission, Washington, D.C., 1981.

Drawing
H-1-21052, "Structural Plans Allowable Floor Loading, 105-KW, Rev. 2,"

March 26, 1955, UNC Nuclear Industries.

XII. ATTACHMENTS

Appendix A. Cost Estimate

Appendix B. Schedules

Appendix C. Work Breakdown Structure

Appendix D. Void Filling Plans

Appendix E. Calculations

Appendix F. DCS Work Scope Statement of Instructions
Appendix G. Physically Handicapped Assessment
Appendix H. Plant Forces Work Review

Appendix I. Outline Specifications

Appendix J. Sketches
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IN SITU DLD 105 BUILDINGS (contined) 10-30-84
Bldg No 1.2 1.3.1.1 1.3.2.1 1.3.2.2 1.3.2.3 1.3.2.4 1.3.3.1 1.3.3.2 1.3.4 1.3.5 TOTA.
Plan No 4
105 € $ 514,400 § 11,800 § 674,400 § 37,600 § 142,600 § 199,100 § 172,300 § 1,095,900 § -0- § 2,848,100
Tax - 1,300 400 12,600 800 900 8,600 6,300 37,400 61,300
Subtotal 515,700 12,200 687,000 38,400 143,500 207,700 178,600 1,133,300 2,916,400
39.6 « Escalation 204,200 4,800 272,000 ' 15,200 56,800 82,200 70,700 448,800 1,154,700
318 Contingency 1 223,200 $,300 297,300 16,600 - 62,100 89,900 77,300 158,200 929,900
TOTAL 943,100 22,300 1,256,300 70,200 262,400 379,800 326,600 1,740,300 5,001,000
105 KE $ 4%,000 § 16,000 § 288,000 § 41,300 § 27,50 § 219,800 § 203,900 § 2,235,300 § -0- § 3,527,800
Tax 1,200 500 4,800 1,000 500 9,100 7,500 75,500 Hx), 200
Subtotal 497,200 16,500 292,600 42,300 28,000 228,900 211 400 2,310,600 627,900
39.6 Escalation 196,900 6,500 115,900 16,800 11,100 90,600 83,700 915,100 1,476,600
31%  Contingency 215,200 7,100 126,700 18,300 12,100 99,000 91,500 * 322,600 892,500
T101AL 909, 300 30,100 535,400 77,400 §1,200 418,500 -386 ,600 3,548,500 5,957,000
105 KW $ 496,000 § 16,000 § 288,000 § 41,300 § 27,5 $ 219,800 § 203,900 § 2,235,300 § -0- § 3,527,000
Tax 1,200 500 4,800 1,000 Suu 9,100 7,500 75,500 100, 100
Subtotal 40} 200 16,500 292,800 42,300 28,000 228,900 210,400 2,310,800 627,900
39.6 Escalation 6,900 6,500 115,900 ,800 1,100 90,600 83,700 915,100 436,600
31X Contingency 215,200 7,100 126,700 300 12,100 99,000 91,500 * 322,600 892,500
TOTAL 909,300 30,100 535,400 77,400 51,200 418,500 386,600 3,548,500 5,957,000
105 8 i $ 503,700 § 13,000 § 503,200 § 143,500 § -0- § 106,500 § 172,200 ¢ 1,150,600 § -0- § 2,592,700
Tax 1,300 400 7,500 3,500 4,500 6,800 38,800 62,800
Subtotal 505,000 13,400 510,700 147,000 111,000 179,000 1,189,400 2,655 4500
39.6 Escalation 200,000 5,300 202,200 58,200 44,000 10,900 471,000 1,000,600
31X Contiangency 218,600 $,800 221,000 63,600 48,100 77,500 * 167,400 807,000
TOTAL 923,600 24,500 933,900 268,800 203,100 327,400 1,827,000 4,509,
TOTAL ) § 881,300 $7,255,200 § 171,800 $7,008,700 §$),694,400 § 367,27 $2,361,000 92,790,400 $17,137,200 31,145,000 $40,81),200
4(Note contingency adjusted per estimators jement )
Construction $ 24,281,900 39.6%
Escalat in 9,6 1,300
33,897,200
Cont ge ¢ 6,916,000 20.1
D219 .
40,813,200

Page 3 of 13
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III  TASKS (cont.)

E. Safety
Support the project as needed.

F. Quality Assurance

Support the project as needed.

G. Field Engineering

1. Provide field engineering services during the project.

2. As-built drawings as required.

3. Provide sur r and survey markars as required.

H. M*a Control
- Prepare a master submittal 1ist and process submittals as required.

I. Project Management

The KEH Proiect Engineer will have overall responsibility for the
-definitive design and will ensure the generation

of an integra’ 1{ package meeting the established criteria and
cost estimate. :

EFR:Tms






1383
NLTPLR
1586
AP
1387
MWIPLR
1568
LIREIE
1589
HLTPLR
1999
MiPLR
1991
MLPLR
1392
ALTPLR
1993
LIPLR
1994
HLPLR
1593
WIPLR
1995
HLTPLR
1997
ALTPLR

19-1

t1=!

FILE JUNE

1.9600
{.9000
L5000
1.9G509
$.0000
1.0000
1.0000
{.4000
1,000
1.0000
1.0000
1.0000
1.0000
1,9000
1.0000
1,9000
£.0000
1.0000
1.0000
1.0000
1.4000
1.9000
1.0000
£.0000
1.0000
1.0000
1.0000
1.0000

1.9000
.0034
1.9247
3.0083
1.9990
3, 0030
1.1839
9, 0082
1.238%
0.00853
1.3178
0.0033
1.1034
0.0053
1.4348
0.0083
1.3918
0.0034
1.4733
0.00%3
1,6090
0.4082
1.5281
0.0053
2.0316
4.0083
2.1830

1.300G
0.00%¢6
{.0304
2.9053
1.1008
0.0030
1,1718
0.0032
1.2448
0.0037
1.3247
0,0933
1,4108
0.0033
1.3028
3,0083
1.45002
0.0034
1.7047
0.0053
1.8184
9.0032
1.9381
0,003
2.0624
0.0053
2.1986%

1. 0000
9.9055
1.9361
3.9083
1. 10686
0.40390
L1777
.0032
12313
9.0033
1.3317
0.0053
1.4182
0.9053
1.3104
2.0033
1.4088
0.0034
1.7139
0.0053
1.3283
9.3082
1.9481
0.0033
20733
0.0033
2.2080

1.3000
0,005
1.0419
.00583
[.112%
0,0050
1.183%
92,0082
1.2978
0.0083
1.3387
0.0033
1.42%7
0.0033
1.9184
0.0053
1.58170
0.0054
1.7232
0.0053
1.3381
0.0052
1.7%62
0.0053
2.0842
0.0053

L2197

41

USE FOR JUNE

1.0000
0.00%5
1.0477
0.0053
{1382
0.00%0
1.:399
0.3052
1.2543
0.0053
1.3457
0.0033
1.4332
0.0053
1.3263
0.0053
1.6236
0.0034
17328
0.0033
1.3479
0.0052
1.3634
0.0033
2.0931
0.0083
2.2343

1.0000
17,0034
1.0333
,0093
[.i241
0. 0030
1.199%
0,0032
1.2798
0.0053
1.3528
0.0G083
1, 4407
0.9033
1.5344
0.0053
1.6341
0.0084
1.7420
0.0053
1.3578
0.0052
1.77%
0.0083
2.1062
0,003
2.2431

“n

i.3000
2,004
1.0394
0,003
1133
0.0030
1.2013
0.9032
1.2774
0.0053
1.3599
0.6033
1.4483
0.9033
1. 3424
0.0083
1.6427
0.0034
1.7314
0.0033
1.3677
0.003z
1.9888
0.0033
24173
0.0053
2.2349

A-10

. ET5 pee
P
<2 »
- <
wn &N
4 O

0.9053
1,1360
9.0030
1.2075
1.0052
[,2540
0, 0633
1.3474
9.0033
1,4559
9.0053
1,330
9.0053
1.46813
0.9034
1.7609
3.0053
1.8777
0.0032
1.9991
30033
2.1284
0.0033
2.2467

1.1429
1.9430
1.2138
0.19032
1.2997
0.0053
1.3743
0.0053
14635
2.00%3
1.3337
0.0033
L.3800
0.0034
1.7704
0.0053
1.3877
0.0032
2.0093
0.0033
2.1376
9.0033
2.2797

Cas
‘
2

J.6087
1.3973
0,054
1.0772
3,9083
1.1430
0,903

2197

9.0032
1.2574
2.0083
1.3813
0.0033
14712
0. 0033
1.5599
2.9033
1.36438
0.0054
1.7800
.01
1.3978
0,303z
2,019
2.0083
2.1509
0.3053
2,297
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2,0083
1.2568
0.2053
1.4790
3.0633
13732

0.0033
1.87748
0.5634
1.7897
3.0053
1.7073
3.0032
2.9304
2.0033
1622
0,0033

2.3027

0.:933
1.4848
0.0033

cave
1.8003

3.9053
1. 5884
0.7034
1.7994
2.6083
1.7161
3.0092
2,049
39053
21738
3.0033

2.3148
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105 B, D, and F Void Filling Plan

UNI-2898 REVO

Belowgrade Contamination
Fill with fravel Vol. (CY) Suspected EL Drawi~~ No.
Storage Basin 4200 Y -20'-9" HW-70481
Transfer Area 603 Y -20'-9" HW-70481
Flow Lab 174 N -10'-0" HW-76121
Neutralizing Pit 17 N -7'-6" HW-70463
Belowgrade Contamination
Fill with <lyrry Vol. (CY) Suspected EL Drawing No.
Pipe Tunnel and
Vent Duct 220 Y -16'-8" HW-70502
"C" Elevator Pit 74 Y -6'-0" HW-70502
**North Side of Process .

Area 256 N -12'-6" HW-70502
**South Side of Process

Area (Laboratory

Area) 325 N -12'-6" HW-70502
Tunnel Under Discharge
Ramp 164 Y -14'-g" W-71349
Outflow Area B&D 198 Y -20'-0" HW-70502
Outflow Area F 152 Y -14+-Q" W-73335
Exhaust Fan R :
(Below Gri ) 444 Y -16'-6" W-72036

-0,
(a8 ]
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105 B, ™ and F VY~i4 Filling Plan

Abovegrade Contamination
Fill with Slurry Vol. (CY) Suspected EL Drawing No.
Control Room 276 N o'-o" HW-70830
Right Sample Rooms 82 . N 0'-0" HW-70842
82 10'-g" HW-70647
76 L lege HW-
Left Sample Rooms 87 N 0'-o" W-71485
80 N 10+-9* . W-71485
80 N 20'-9" W-71485
Northside
Downcomers 183 Y g'-o" HW-70842
Southside
Downcomers 238 Y 0'-0" HW-70842
"D" Elevator 1600 Y Q'-o" HW-70830
Valve Pit Extension 612 N -11'-0" HW-74620
Valve Pit 1671 N -15'-9" W-71338
Laboratory Areas 3612 N 0'-0"/4 HW-70830
*Inner Apparatus (Rod)
Room 538 Y 13'-0" HW-70831
Abovegrade Contamination
Demolish (A1l above E' 56'-4") ° Suspected EL Drawing No.
Machinery Room N 56'-4" HW-70832
Grating Floor N 80'-5-1/4" HW-70832
Machinery Platform N 59'-4" HW-70832

* Portions of this area may require slurry.

** Areas noted as north or south are for "B" and "D" reactor. For "F" reactor
north corresponds to east, and south corresponds to west.

***\{olumes not calculated for this area are accounted for in the quantity of
fill for the mound. '
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105-H Void Filling Plan

Belowgrade Contamination

Fill with Slurry Vol. (CY) Suspected EL Drawing No.
Room East/West Sides

Discharge Shut 626 N -17'-6" P-1756
Room East of Reactor 2N N -12'-0" P-1756
Effluent ipe Elbow

Room 44 Y -10'-6" P-1756
Abovegrade

Demolish Totally Contamination

Cover with Gravel* Suspected EL Drawing No.
Misc Storage Area N o'-0" P-1758
Corridor #6 N 0'-0o" P-1758
Corridor #7 N 0'-0" P-1758
Corridor #11 N _ 0'-o" P-1758
Corridor #13 N 0'-0" P-1758
Electrical Equip Room N 0'-Q" P-1758
Battery Room N 0o'-o" P-1758
Toilet #2 N 0'-0" P-1758
Office #1 N 0'-0" P-1758
Office #2 N o | 1758
Instrument Repair Room N 0'-0" P-1758
Lunch Room N 0'-0" P-1758
Locker Room N 0'-0o" P-1758
Toilet #1 N 0'-0" P-1758
Office #3 N 0'-0" P-1758
Compressor Room #1 N 0'-0" P-1758
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105-H Void Filling Plan

Abovegrade

Demolish Totally Contamination

Cover with Gravel* Suspected EL Orawing No.
{Continued)

Stair #4 | N 12'-0" P-1758
Stair #1 N 0'-0" P-1758
Metal Storage N 0'-0o" P-1758
Counting Room Y 12'-0" -1762
Electrical Equip Room #2 N 12'-0" P-1762
A. C. Room N 12'-0" P-1762
Ready Room N 20'-9" P-1763
Stair #2 N 0'-0" P-1758
Ready Room N 20" -9 P-1763
Ready Room #2 30'-9" P-1763
Abovegrade

Demolish Partially Contamination

Cover with Grawva] VWAl /CV) Suspected - Drawing No.
Work Area 5606 Y 0'-0" P-1758
Outer Rod Room 3615 Y o'-0" P-1758
Transfer Area a4 Y 0'-0" P-1758
Contr ~ Ri N 0*-0" P- 3
Corridor #3 207 N 0*-0" P-1758
Corridor #5 320 N 0'-0" P-1758
Corridor #12 124 N 00 P-1758
Corridor #9 148 N Q'-0" P-1758
Elevator "C" 7 Y 0'-Q" P-1758
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m_S-_H Vaid Fi]]ing Plan

Abovegrade Contamination

Demolish Suspected EL Drawing No.
Machine Room Y 59'-4" P-1764
Machine Room N 80'-5" P-1764
Machine Room N 97'-0" P-1768

*Yolumes not calculated for this area are accounted for in the quantity of
fill for the mound.
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105-0R Void Filling Plan

Abovegrade

Demolish Totally Contamination

Cover with Gravel* Cuspected EL Orawing No.
Toilet Room #3 N Q*-o" HW-708250R
Toilet Room #2 N 0'-0" HW-708250R
Lunchroom N 0'-0" HW-708250R
Corridor #4 N 0'-0" HW-708250R
Corridor #3 N 0'-0" HW-708250R
Misc. Storage Room N 0'-0" HW-708250R
Clean Clothing Storage N 0'-0" HW-708250R
0ffice #1 N 0'-0" HW-708300R
Office #2 N 0'-0" HW-708300R
Laboratory N 0'-o* HW-708300R
Main Electrical

Dist. Room N 0'-0" F -708250R
Battery Room | N 0'-0" 1-708250R
Storage Room No. 1 N 0'-0" HW-708250R
Corridor #5 N o'-0" HW-708250R
Instrument Repair Rol N 0'-0" HW-708250R
Wash Pad N 0'-0" HW-70836DR
Tool Room N Q'-Q" HW-708250R
Abovegrade

Demolish Partially Contamination

Cover with Gravel Vol. (CY) Suspected El Drawing No.
Quter Apparatus .

(Rod) Room 1296 Y 15'-0" HW-708310R
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105-DR Void Filling Plan

Abovegrade Contamination
Slurry Fill Val, (CY) Suspe~tad £
Control Room 456 N 0'-0"
Office #4 73 N 0'-0"
Office #3 100 N 0'-0"
Air Conditioning
Equipment Room 74 N 0'-0"
Corridor #2 159 N 0'-0"
Counting Room 48 N Q'-Q"
Inner Apparatus
(Rod) Room 485 Y 15'-0"
Laboratory Area 2473 N Q'-Q"
Observation Room 45 N 28'-4"
North Downcomer 100 Y 0'-0"
South Downcomer 100 Y 0'-0"
**xValve Pit 2249 Y -15*-9"
Ahovearade fontaminatinn
Machine Room Y 42'-6"
ichine ..oom N I L
Machine Room N 80'-0"
Machine Room N 97'-0"

*Volumes not calculated for this area are accounted for in the quantity of

fill for the mound.
**Above-grade portions of these areas may require gravel fill.
***Portions of above-grade walls may be reduced.
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Drawing NﬂL

HW-708300R

HW-708300R
HW-708300R

WH-708300R
HW-708300R

HW-708300R

HW-708310R
H-1-84660R
HW-708310R
H-1-84670R
H-1-84670R
HW-71338DR

L e

H-1-84620R
| 1-8 DR
H-1-84660R
H-1-84660R
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105 C Void Filling Plan

Belowgrade Contamination

Ei11 with Clivey Vol. (CY) Suspected EL Drawing No.
Pipe Installation

Tunnel 268 Y -9'-2" P-6007
Exhaust Air Plenum

Chamber 470 Y -15+-0" P-6007
Exhaust Air Intakes 111 Y -15'-2" P-6007
Tunnel 509 Y -16'-8" P-6007
Cylinder Storage 217 Y -15t-2" P-6007
Sewage Pump Chambers 548 N -37'-3" P-6007
Collection Sump T 324 N -30'-3" P-6007
VSR Compressor Room 155 N -17'-6" P-6007
Vacuum Cleaner Equip

Room 146 N -17'-6" P-6007
Stair No. 3 46 N -15'-2" P-6007
"F* Elevator 39 N -17t-6" P-6007
North Tunnel 196 N -12'-0" P-6006
Instrument Tunnel 55 N -9'-6" P-6006
} it Pipe Tunnels 880 N - =6 P-6006
Ball 3X Room 238 Y 17'-6" | 5006
"D"* Machine Door

Operating Room 92 Y -16'-2" P-6006
"D" Machine Pit 78 Y -7'-0" P-6006
Ball 3X Equipment

Room 56 Y -12'-Q" P-6006
Stair No. 4 57 N -12'-0" P-6006
Equipment Room No. 3 190 N -12'-0". P-6006
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106 € Void Filling Plan
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Orawing No.

Abovegrade

Demolish Totally Contamination

Cover with Gravel* Crronnn bnd EL
{Continued)

Corridor No. 6 N 0'-o"
Corridor No. 7 N 0'-0"
A.C. Room N 12' -0
Counting Room N 12'-0"
Stair No. 5 N

Stair No. 1 N

Stair No. 2 N

Ready Room N 30'-9"
Corridor No. 13 N 0'-0"
Dummy Storage N 0'-0"
Metal Storage ‘ N o'-0"
Electrical Equip. Room N 0'-Q"
Battery Room N 0'-o"
Ce di . 14 N o'
Electrical Shop N 0'-0"
Maintenar : SI ) N 0'-0"
Janitor's Closet N 0'-Q"
Toilet No. 2 . N 0'-Q"
Corridor No. 8 N 0'-0"
Office No. 1 N 0'-Q"
Office No. 2 N 0'-0" .
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P-6009
P-6009
P-6012
P-6012
P-6009
P-6009
P-6009
P-6013
P-6009
P-6003
P-6009
P-6009
P-6009
P-6009
P-6003
P-6003
P-6003
P-6003
P-6003
P-6003
P-6003



105 C Void Filling Plan
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0-20

Abovegrade

Demolish Totally Contamination

Cover with Gravel* Suspected Fli Drawina Na
(Continued)

. Issage N 12'-0" P-6010
Soiled Clothes Storage

Room N 0*'-0" P-6009
Decontamination Station N 0'-o" P-6009
Change Room N 0'-0" P-6009
Blue Tool Room N o'-0" P-6009
Permanent Hot Storage N 0'-0" P-6009
Corridor No. 3 N 0'-0" P-6003
Corridor No. 1 N 0'-0" P-6003
Electrical Equip. Room N 12'-0" P-6012
Office No. 11 N 0'-0" P-6012
0ffice No. 10 N 0'-0" P-6012
0ffice No. 9 N 0'-0" P-6012
0ffice No. 8 N "Q'-Q" P-6012
Stair No. 11 Y 0'-0o" P-6014
Abovegrade

Demolish Partially Contamination

Cover with Graual VAl [rV) Cispertad _ FL Orawing No.
Quter Rod Room 2670 Y 0'-0" P-6009
Corridor No. 5 234 N 0'-0" P-6009
Work Area 4085 Y 0'-0" P-6009
"C" Elevator -- Y 0'-ov P-6009
Observation Room 43 N 23'-4" P-6013



105 C Void Filling Plan
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/0

*Volumes not calculated for this area are accounted for in the quantity of
fill for the mound.
Jenotes that the volume for this space has been accounted for in the volume

of another area.
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Abovegrade Contamination
Fill with Slurry Vol. (CY) Suspected EL Drawing No.
TCont 1 iucu)
Stair No. 3 -- N 24'-9" P-6013
"F" Elevator 327 N 0*-0" P-6013
Tool Dolly Room 105 Y Q'-0o" P-6009
Corridor No. 10 111 N 0'-0" P-6003
Laboratory No. 2 374 N Q'-Qo" P-6009
"D" Machine Mainte-
nance Room 1 122 Y 2'-6" P-6009

. "D" Elevator 1903 Y 0'-0" P-6012
X-1 Level 739 N 15'-Q" P-6012
Upper Viewing Room 120 Y 18'-4" P-6016
Abovegrade Contamination
Demolish Suspe~+ed EL Nvawing No.
Elevator "C" Machine Room N 59'-5" P-6014 |
Switchgear Room No. 1 N 59'-5" P-6014
Switchgear Room No. 2 N 59'-4" P-6014
Elevator "D" Machine Room N 59'-4" P-6014
Switchgear Room No. 3 N 59'-4" P-6014
Switchgear Room No. 4 N 59°'-4" P-6014
“F" Elevator Lobby N 59'-4" P-6014
Balcony No. 1 N 59'-4" P-6014
Balcony No. 2 N 59'-4" P-6014
"F" Elevator Lobby N 80'-5" P-6014
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105 KE and KW Void Filling Plan

Bé]owgrade Contamination

Fill with Slurry Val /rV) Suspected E! Drawing No.
(Continued) )

Storage 407 Y -17'-0" H-1-21002
Piping Room No. 1 2023 N -14'-6" H-1-21002
Piping Room No. 2 322 N -14¢ 6" H-1-21002
Corridor No. B-1 75 N -12'-0" H-1-21002
Gas Instrument 102 N -g8'-2" H-1-21002
SK Carriage Room 149 N -8'-2" H-1-21002
Machine Room 100 Y -3'-0" H-1-21002
Exhaust Fan Room 2175 Y -12+-0* H-1-21002
Fan Room Access 4 N -12'-0" H-1-21002
“F* Elev Stairwell 516 N -8'-0" H-1-21002
Abovegrade

Demolish Totally Contamination

Cover with Gravel* Suspected EL Orawing No.
Instrument Storage N o'-o" H-1-21004
Office #3 N Q'-o" H-1-21004
RMU Lab N 0'-0" H-1-21004
Personnel Decon N o'-o" H-1-21004
Storage Room N 0'-0* H-1-21004
Janitor Room N o'-o" H-1-21004
Corridor #2 N 0'-0o" H-1-21004
Change Room N 0'-o" H-1-21004
Corridor #3 N 0'-0" H-1-21004
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105 KE and KW Void Filling Plan

Abavegrade

Demolish Partially Contamination

Cover with Gravel Vol. (CY) Suspected E! Nv2awing No.
{Continued) - =

Storage Room #3 364 N . 28'-0" H-1-21009
Ready Room 328 N 38'-0" H-1-21010
Blue Tool Room 98 N 0'-0" H-1-21004
Clean Clothes 89 N 0'-0" H-1-21004
Locker Room 92 N o*-0" H-1-21004
0ffice #1 128 N o'-0" H-1-21004
WO Room 43 N o'-o" H-1-21004
Monitor Room 124 N 0'-o" H-1-21004
Corridor #] 142 N o'-o" H-1-21004
Counting Room 87 N 0'-o" H-1-21004
Men's Toilet Room 62 N 0'-0" H-1-21004
Air Conditioning 142 | N 0'-0" H-1-21004
Corridor #5 121 N 0'-0" H-1-21004
Corridor #7 173 N 0'-Q" H-1-21004
Electrical Equipment

Room #5 -- N 15'-Q" H-1-21005
Electrical Equipment

Room #4 -- N 15'-Q" H-1-21005
Compressor Room 432 N 10'-0" H-1-21005
Storage Room #2 373 N 15'-0" H-1-21005
Electrical Equipment

Room #6 -- N 28'-Q" H-1-21006
Equipment Room -- N 28'-0" H-1-21006
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105 KE and ¥4 Void Filling Plan
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Abovegrade Contamination

Slurry Fill Ver (CY) Suspertad EL Drawing No. )
“F" Elevator Lobby 205 N 28'-0" H-1-21006
Laboratory (X-2) 1065 N 28'-0" H-1-21006
Electrical Equipment

Room #1 664 N 0'-o" H-1-21004
Abovegrade Contamination

Demolishk Suspectad __F - _awing No. _
Vertical Rod Room Y 51'-7% H-1-21011
Machinery Room N 66'-0" H-1-21012

Upper Machine Room N 70'-0" H-1-21012

Upper Equivalent Room N 90'-2" H-1-21012

*Volumes not calculated fq% this area are accounted for in

fill for the mound.

the quantity of

~--Denotes that the volume for this space has been accounted for in the volume

of another area.
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CALCULATIONS SUMMARY

Wall stability (p. E-3): Work area wall checked to support backfill for
ramp. Horizontal reinforcing = walls is insufficient to support load.

Mound and wheel load ~n nipas (p, E-6): Concrete and steel pipes over
24 in, in diameter checked to support wheel and additional soil loads.

Concrete pipe greater than 30 in. in diameter will require minimum of
5 ft of cover to support wheel load. AIll other pipe will support the
soil and wheel loads.

Mound and whe=] 1n2ds on *'~nels (p. E-16): Concrete tunnel 12 ft wide
by 6 ft 6 in. deep with 3-ft thick slab and 1-ft thick walls checked for
1) wheel load with 6 in. of soil, 2) wheel load with 8 ft of soil and 3)
65 ft of soil. Cases 1 and 3: tunnel failed; case 2 is close to failure.

Mound load on existing slahe (p, E-21): KE and KW reactor base, and
inner rod room floor slabs checked for addition soil loadings. Reactor
base will support additional loading. Inner rod room floor overstressed,
maximum additional soil before overstressing occurs 3 ft. ‘

Letter from E. Becker +~ J. Fgger (p. E-29): ODiscussion of mound
stability, compaction and settlement.

Expected surface settlemant due to filling of belowgrade tunnels
(p. E-34): Calculation to del 'mine ¢« :tlement resulting from tunnel
collapse. See graphs.
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Burying of 100 Area
Facilities (continued)

III.

Iv.

vI.

Compaction and Settlements:

Table I shows the dry densities associated with the gravels placed at
various relative densities. It further indicates the settlements
associated with fill densification after placement. For this project,
one of the considerations is whether or not to spend extra effort to
compact the gravel during placement. Realistically, if grading equip-
ment is conscienciously routed over fills in place so good coverage

{s obtained, the resulting density would probably be about 65% relative
density (see Col. 4 of Table I). Again, it is realistic to assume that
such a f{11, after years of seasoning, might reach a maximum relative
density of 75%. As indicated in Table I, this would result in a 3.2%
settlement. If on the other hand, a heavy vibratory compactor were to
make 2 passes over each fill 1ift (using 12 to 18 inch 1ifts), a fill
of 70% relative density would probably result. Again, assuming a
seasoned relative density of 75%, the maximum settlement would be about
1.5% (see Col. 5, Table I). In either case, one cannot foresee any
detrimental effects from these relatively small post construction
settlements

Special Fil1l Within Reactor:

Consideration i{s being given to fi{11ing the reactor and some imme-
dfately adjacent areas with a weak grout (300 psi strength). Alter-
natively, the pit run gravel might be used and placed by using a
clamshell. The former would experience essentially zero settlements.
The latter would probably be placed at about 55%: relative density.
Assuming that with seasoning the fi1l eventually attains a relative
density of 75%, the resulting settlements would be in the 5% to 6%
range, (see Col. 2 of Table I) or say 3 feet for a 50 foot high fi11.
If this latter scheme is used, an extra 3 of fi11 height should be
placed in order to ultimately have the desired reactor gravel cover.

Demolition Rubble:

Rubble from demolished structures is to be left in place around the
central reactor facilities. It is estimated that this rubble will be
of the order of 3 of 4 feet deep. If grading equipment is well routed
over this rubble area after the initial 1ift has been placed or a
vibratory compactor makes several passes over the initial 1ift in
order to get as much gravel fill into the rubble voids as possible,

it 1s estimated that subsequent settlements within 4 feet of rubble
should not exceed an order of magnitude of say 6 inches.

Tunnel Collapse:

The requirement of whether or not to fill tunnels is a complex issue.
Assume, say an 8x8 foot tunnel withstands the grading equipment loading
as well as initially the total fill load, but fails due to roof deteri-
oration after a number of years. -Such a failure would not cause a .
stability problem of the mound as a whole.
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TABLE I
RELATIVE DENSITY AN" “_Si....EMENT

Relative | Dry Density % Settlement Associated With Fill
Density | #/Ft3 (1) Densification After Placement
50 92.9 Ll.f (2) (3) (4) (5) (fi)
55% 94.3 1.5 **
60% 95.8 2.8 1.6 faded
653 97.2 4.6 | 31| 15 | *
70% 98.8 ‘6.4 | 48 | 3.1 1.6 ik
75% 100.3 8.0 6.4 4.7 3.2 1.5 **
80% 102.0 9.8 8.2 6.5 4.9 3.2 1.7

(1) Based on: Maximum Density = 1094/ft3

Minimum Density = 81#/ft3

** Placed Density
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APPENDIX F

DCS Work Scope Statement of Instructions

Total Pages: 13
Date: 3-2-87

This information was received from UNC
Nuclear Industries and is included intact
and unaltered except for pagination. The
report is now designated a Decommissioning
Conceptual Study to differentiate the
document from a Projects Department
Conceptual Design Report; to avoid
confusion between the Surplus Facilities
Management Program Operations and
Construction Operations Methodology.
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~uUnc NUCLEAR INDUSTRIES

© A UNC RESOURCES Company PO. Box 490 Telephone 509/376-7411
. Richiand, washington 99352

April 9, 1984

Mr. T. A. Przybylski

Sr. Project Manager
Kaiser Engineers Hanford
P. 0. Box 888

Richland, Washington

Dear Mr. Przybylski:

PROPOSED IN-SITU DECOMMISSIONING OF THE EIGHT SHUT-DOWN
REACTOR 105 BUILDINGS IN THE 100 AREAS: REQUEST FOR A
CONCEPTUAL DESIGN REPORT AND COST ESTIMATE

References: 1. Letter P, W. Griffin (UNC) to T. A. Przybylski -
(KEH), Subject, "Proposed In-Situ Decommissioning
of the Eight Shut-Down Reactor 105 Buildings in
The 100 Areas: Request for a Conceptual Engineer-
ing Study and Cost Estimate," dated Feb. 24, 1984.

2. J. A. Adams, J. C. Chattin, P. W. Griffin,
M. C. Hughes, Assessment o Pecommissioning
Alternatives For The Shut-uuwn Hanford 100
Area Facilities, UNI-2619, UNC Nuciear
industries, Richland, WA, 1984,

3. Prelimine=- Engineering Study: Cocooning of
105-F Rea..or, KEH R-8§-II, Rev. 1, Kaiser

Engineers Hanford, Ca., Richland, WA, 1983.

The letter of instructions (Reference 1) provides an attached Work

Plan (see enclosure 1) to be used in conjunction with the applicable
ma  *ial in Re: ‘ence 2 and 3 for preparation of a Conceptual Design
Document with Cast Estimate (defined March 9, 1984 as "Conceptual
Design Report/Cost Estimate"). Work Order Number B-32207, dated
February 23, 1983, was placed to fund the initial work-effort ta provide
cost and completion date estimates for preparing the subject Conceptual
Design Report/Cost Estimate. UNC and Kaiser Engineers Hanford (KEH)
representatives met February 28, 29, and March 21, 1984, and discussed
details on the scope of work. Also, a field inspection of the reactor
105 Buildings in the 100-C and -KW Areas was performed on March 5, 1984
and another for the 100-D, -DR, and -H Areas on March 16, 1984. A
large amount of information has been exchanged by these various means.
Therefore, the following consolidated statement of instruction is
provided to ensure the Kaiser Engineers Hanford work scope is clearly
defined.
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nc ) Mr. Przybylski
~— Page 3

) April 9, 1984 -

ducts and water lines, fuel storage basins, transfer pits,3
downcomers, 3X ball room, valve pits, etc. The voids

requiring fill shall have the void volumes and void

locations with reference to existing architectural drawings
listed for each reactor 105 building. The list shall be
submitted for review within three weeks of receiving follow-

on work authorization. The following techniques shall be
included for evaluating and determining the most cost effective
method:

- using a wrecking ball for breaking open roofs/tops of
tunnels and void spaces for direct dumping placement
of fill matertal,

- dropping wrecking ball down through downcomer baffles
to produce a fill pathway opening for direct dumping
placement of fill material,

- dropping wrecking ball down through sample rooms roofs/
floors to produce a fill pathway opening for direct
dumping placement of fill material, and

- the heavily reinforced void spaces {(e.g., 3X ball room in
105-C, etc.) existing under the reactor should be evaluated
for the need of filling to prov1de stability and/or prevent
future subsidence.

The filling techniques should consider use of conveyors, slurry
pumping, as well as direct deposit, etc.,

removal of asbestos lagging, transite, and/or other hazardous
material required by Federal, State, and Local requirements.
Variances from the norm shall be well substantiated and
documeni |,

demolish the various building levels in a safe and cost-
effective manner that protects the worker and the reactor
blocks containment integrity. All equipment, structures, and
material outside the shielding walls shall bé dispositioned
with the most cost-effective means. In almost every case

the items can be ripped-out with D&0 techniques that most
generally utilize brute force, (i.e., wrecking ball, bull-
dozer, explosives, etc.). Only those structures that require
removal to facilitate other work should be demolished.
Therefore, the need to remove above grade walls that will
reside within the berm shall be evaluated and the most cost
effective means implemented.
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Mr. Przybylski
Page 5
April 9, 1984

must be marked in such a way that the boundaries of each.unit
can be easily defined. Three permanent survey marker control
points, referenced to United States Geological Survey or
- National Geodetic Survey control stations, must be established
on the site to facilitate surveys. The control stations must
provide horizontal and vertical controls as against USGS or
NSG record files.

The facilities are very similar in design; however, individual
differences must be evaluated such as reactor block sizes,
building sizes, construction material, etc. The similarities

in the facilities and repetitive work efforts will affect cost
and work duration as the learning ct re improves with innovations
and procedural streamlining for each follow-on facility.

The subject request shall use the report format for Conceptual Design
Reports (CDR) and cost estimates. The basic approach presented in
the initial meetings looks good; only minor rearranging of topics

to COR format will be needed. The preferred method (most cost
effective) cost estimate shall be placed in the CDR document.

UNC will receive four copies of all alternative cost estimates
evaluated. The document cost estimate shall utilize a work break-
down structure (WBS) to establish a functional tool for tracking
jobs, identifying variances, and future project development. The
basic WBS (enclosure 2) has been developed and is in the process
of being modified and expanded for the specific alternatives.

The cost estimate shall use the D&D liquidation rates provided by
Decommissioning Services/Planning on March 19, 1984. The cost
estimates shall use the five-year budget forecast information
provided by Decommissioning Services/Planning (March 19, 1984) as
guidelines for establishing a levelized work effort ceiling. The
current budget funding level will be the only guidelines on develop-
ing alternatives for de 'mining the most cost-effective plan.

The Conceptual Design Report and Cost Estimate for the subject
facilities are requested by June 29, 1984, in support of the
Tong-range plan targeted for issue July 31, 1984. The close
schedule between the two documents will require maintaining a flow
of information from the CDR as it is developed. UNC requires the
review and concurrence points provided in enclosure 3. This
cooperation has worked well in the past and is imperative in meeting
this schedule.
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ENCLOSURE [ ~
10
RFANEST FOR CONCEPTUAL DESIGN REPORT/COST
ESTIMATE Fnn IN-SITU DECOMMTSSIONING SH!IT-DOWN
REACTOR 10& £ArTt TTIES IN THF 100 AREAS

Work Plan

In-situ decommissioning means disposing of the reactor facility in place--
as opposed to hauling it away for disposal elsewhere. It is accomplished
by installing some form of long-term protective barrier that will isolate
the radioactive residues from pathways to man.

For the Hanford production reactors, the only in-situ decommissioning
alternative considered practical would consist of a mound of clean earth
and concrete rubble. The earth would be taken from local gravel pits
near the reactor sites, and the clean concrete rubb1e would be provided
by the demolished reactor building superstructures. Although such an .
earthen mound would not provide an eternal barrier between the reactor
block and the surrounding soils, it would provide a degree of environmen-
tal isolation superior to that achievable by dismantling the high-integrity
reactor shields and block and then burying the disturbed radiocactive
material in a conventional shallow land lov le waste dispo: | site.
The 9000-ton 1 ictor block, left intact, would serve i 1its own high-
integrity, long-t¢ radiological burial container. A typical reactor
block consists of a strong steel outer shell, a 40 to 80 inch thick
biological shield comprised of alternating layers of steel and Masonite,
and an 8 to 10 inch thick cast iron thermal shield, all encasing a very
stable stack of graphite blocks. This structure could reasonably be -
expected to provide long-term containment capability under environmental
conditions far harsher than any that may be encountered in the dry Hanford
soil. And even if by accident or design the reactor block were opened
up, any radionuclides still 1 1aining within it would be chemically
“locked up" in the physical matrix of cast iron and graphite and would

not readily migrate to the environment or contaminate human food pathways.
F-8
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These 42 to 56 foot high, 3 to 5 foot thick reinforced concrete walls
would provide a strong extra barrier around the reactor block and would
assist in retaining the buried materials in one place. Then the entire
facility site would be filled in and mounded over with earth, gravé1
and building superstructure rubble to a minimum depth of 5 m (16 feet)
above the reactor block. The mound would be sloped to minimize run-off
erosion, blended with the surrounding terrain, covered with topsoil,
and seeded to establish indigenous, shallow-rooted plant growth.

In additioﬁ.to meeting the technical requirements for decommissioning,
the in-situ decommissioning mode as described here would yield very
favorable cost, schedule, and occupational radiation exposure figures.
The materials and equipment required for this mode are all simple,
relatively inexpensive, and available on the Hanford Area. The concrete
rubble for the backfill and mound will come from the demolished reactor
building superstructure. And for the clean earth/gravel component,

the Hanford Area abounds in richly graveled alluvial agglomerates that
are ideally suited for forming erosion-resistant earth barriers. This
indigenous material is abundantly available near the reactor sites,

and can be tfucked to the work sites using ordinary earth moving equip-
ment and procedures. About 100,000 yd3 plus of dirt would be needed

- for each reactor facility backfill and mound. Gravel pits for this
material are close by. For example, the earth for the F Reactor fill
would be taken from gravel pit No. 18, about 2 miles from the reactor
site. Otl * con' ient ¢ | pits are av [lab the other reactors.
Once installed, the mounds would require minimal maintenance, and would
not have to be removed or modified after any specified time period.

The in-situ decommissioning mode described here is an immediate,
permanent, and complete decommissioning method for the shut-down
Hanford production reactors.
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ENCLOSURE 11 (Continued) Page 2 of 2

(Plan 1) 1.3.1.6 Collapse Structure Qutside Shielding Walls

(Plan 2) 1.3.1.6 Remove and/or Open Roofs/Floors and Fill Structure Qutside
Shielding Walls with Minimal Structure Removal/Collapsing.

Fill Space Within Shielding Walls

Remove Structure Above Shielding Walls
(reduce shielding wall height)

1.3.1.9 Mound Area with a minimum of 16 ft (5 meters) over the
Reactor 8lock

1.3.1.9.1 Move Rubble to within Mound perimeters

1.3.1.9.2 Load, Haul, Place

1.3.1.9.3 Compact

1.3.1.9.4 Stabilize and Revegetate Surface
1.3.1.10 Civil Survey Location

o

-~

1.3.1.
1.3.1.

oo
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APPENDIX G

Physically Handicapped Assessment

Total Pages: 1
Date: 3-2-87

Acces~*bili+v for *»~ Handi~=nped

The proposed project requires physically capable workers
to do construction and demolition work for the restoration
of the site to near natural conditions and is therefore
exempt from compliance with the Architectural Barriers Act
(P.L. 90-480) and follows instructions in the Federal
Management Regulation (41 CFR 101-91.6). This project
will not inhibit proper access to the site for authorized
personnel. .
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APPENDIX H

Plant Forces Work Review

Total Pages: 2
Date: 3-2-87

This Plant Forces Work Review was prepared using the
Decommissioning Conceptual Study (DCS) draft cost estimate

and no differences in the work plan are reflected in the
finalized OCS.
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APPENDIX I

Outline Specifications

Total Pages: 2
Date: 3-2-87
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QUTLINE SPECIFICATIONS
DIVISION 2 - SITEWORK

Section 02070 Selective Demolition
1. Demolish concrete, steel, and masonry with wrecking ball.
2. Demolish concrete with explosives.
3. Cut structural and reinforcing steel.
4. Move and distribute rubble.
5. Cap utilities.
Section 02200 Earthwork

1. Backfill: Gravel as defined in ASTM D 563 with less than 15% passing
the No. 50 sieve.

2. Mound Cover Stabilization: Broken basalt rock, 3 inch minimum size.
Section 02900 Landscaping

1. Topsoil: As ¢ ‘ined in ASTM D 563.

2. Shallow rooted indigenous plants.

DTVTSTAN 3 . CONCRETE

Section 03300 Cast-In-Place Concrete
1. Survey Monuments per HPS AC-5-31.
Section 03363 Specially Placed Concrete

1. Weak Concrete Slurry: Pumped into place, minimum strength, 300 psi at
- 28 days.

DIVISTAM a . FINISHES
Section 09805 Special Protective Coatings

1. Fixative Coatings for Contamination Control: Sodium silicate coating
or unpigmented latex.
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APPENDIX J
Sketches

Total Pages: 26

Date: 3-2-87
Floor Plan B,D&F Plants J=2 Section A-A K East & J-20
Section A-A B,D&F Plants J-4 K West Plants
Section B-8 B,D,&F Plants J=5 Section B-B K East & J-21
Floor Plan DR Plant J=6 K West Plants
Section A-A DR Plant J-8 Mound Contour Plan J-22
Section B-B DR Plant J-9 (105-8,D&F)
Floor Plan C Plant J=-10 Mound Contour Plan J-23
Section A-A C Plant . J-12 (105-DR)
Section B-B C Plant J=-13 Mound Contour Plan J-24
Floor Plan H Plant J-14 (105-C) .
Section A-A H Plant J-16 Mound Contour Plan J-25
Section B-B H Plant J-17 (105-H)
Floor Plan K East & J-18 Mound Contour Plan J-26

K West Plants (105-K East & K West)
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