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Abstract: Results are presented of an initial quantitative structural assessment on the

ci ability of the 221-U Building to withstand the structural loads associated with the
conceptual waste disposal alternatives postulated by the Canyon Disp “ion Initiative
(CDI). A master structural strategy is descr d that uses ‘»e waste emplacement process
to establish short and long-term structural stahi!ity. The assessment establishes bounding
structural loading conditions. Structural calculations are at a rough-order-of-magnitude
(ROM) level, for conceptual feasibility scoping purposes only.
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1.2 Conclusions

As a result of this CSS, the following building structure-related conclusions can be made about
the 221-U entombment alternative:

e The waste emplacement (fill) process must be sequenced and engineered. For example, it
will be necessary to preclude potential differential settlement between building sections.
Therefore the overall fill process can be conducted by layering the fill, both inside and
outside the building so that the entire facility is filled circumferentially upwards and evenly,
rather than filling one end of the facility first and then proceeding from end-to-end.

e The filling process must provide structural support for subsequent f s where needed. For
example, structural support for the Piping and Operating Gallery floors can be provided by
completely filling each of the lower galleries with well-compacted fill/grout before starting to
fill the gallery immediately above. The fill, rather than the gallery floor structures, will carry
gravity loads down to the building foundation.

e The filling process must be conducted and engineered to balance the fill loads on opposite
sides of each wall. Exterior walls, end walls, and the internal shield wall of the Operating
Gallery can endure envisioned seismic lateral forces only if e filling process is conducted to
balance the fill loads on opposite sides of each wall. Reinfi :ing walls to withstand such
forces is viable, but is deemed impractical in cost and complexity.

e For internal soil fills, compaction requirements will have to be established and met. Fill
combinations of soils and cube-containers are acceptable. Where overhead clearances inside
Building 221-U limit compaction of bulk fill, the filling process will be completed using
flowable grout. In all cases, balancing fill loading forces on opposite sides of walls will be
required. Balanced fill means that the differential elevations between fill on opposite sides of
a wall are maintained within some design value (preliminary estimates indicate ~10 fi.
maximum differential elevation). Balancing fill limits the horizontal thrust on a wall from
fill or soil loads and earthquake loads.

o For internal grout fills, lift heights and areal extents will have to be controlled to limit
thermal expansion effects during placement and curing. In | cases, balancing of fill loading
forces on opposite sides of walls will be required. Grouting r CDI fills should take
advantage of experience developed at the Savannah River Site Saltstone Project (Wilhite
et.al., 1988). Detailed thermal analyses are recommended for future design phases.

e As the waste placement on the operating deck initially approaches the rail tunnel, it will be
necessary to fill the rail tunnel to provide structural stability to that portion of the building.
At that time, alternate access ways into the building will be needed for waste placement on,
and above the operating deck.

e The roof is a structural factor for natural phenomena only during the short-term (Prepare and
Operate) phases of the CDI project. After the building is filled, the compacted fill/grout
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material will carry roof gravity loads down to the operating deck and then the foundations
and the external fill will carry later natural snomena loads (e.g., earthquake loads).

It is reccommended that the end-walls be reinforced to withstand natural phenomena loads for
the preparation and operations phases of the project. However, this reinforcement is not
required to be designed to withstand internal fill loads or seismically-induced fill loads. A
balanced fill process will be used to insure structural adequacy for the latter.

Building 221-U can be shown to comply with current structural design requirements for a
Category 3 hazard classification as specified in DOE Orders for all project phases. This may
req e use of the provisions of DOE Order 420.1 that allow relaxation of natural phenomena
structural loading requirc 1ents (if necessary) for existing facilities that have limited future
mission duration and hazards

The arrangement of the reinforcing steel in Building 221-U is not compliant with current
building codes because codes have changed over the ~50 years since the building was
originally designed. However, special code provisions for mass concrete can be invoked that
allow accepting the existing reinforcing steel arrangement provided the building is analyzed
and shown to have sufficient strength to satisfy current design loading requirements.

Scoping calculations indicate that a controlled fill sequence coupled with supplemental
structural reinforcement of selected walls, can limit loads during all project phases to assure
adequate structural ma “ns (factors of safety).

The finally-filled 221-U Building, when covered with an engineered surface barrier and
including the underlying supporting soils, can behave as a structurally stable monolith that
can meet the Nuclear Regulatory Commission (NRC) 500-year long-term structural stability
requirement for a land disposal facility.
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e DOE Order 420.1 specifies natural phenomena design loadings and applicable design criteria
based on the facility hazard classification. Given a Category 3 hazard classification, the
structural scenarios are subject to an “occupancy classification” from the Uniform Building
Code (UBC) (ICBO, 1997) which equates the CDI project with an “Essential” facility. This
is consistent with current Project Hanford Procedure HNF-PRO-97, Rev. 0, ™ igineering
Design and Evaluation (Conrads, 1997). This UBC occupancy correlates to Performance
Category 2 (PC-2) as discussed in HNF-PRO-97. For the scenarios studies, seismic design
loadings are consistent with UBC Zone 2B, “Essential Facilities,” and wind loads are
consistent with UBC wind loads for “Essential Facilities.”

e The Code of Federal Regulations 10 CFR 61 (U.S. NRC) identifies a set of primary
performance objectives for Land Disposal of Radioactive Waste in Subpart C, “Performance
Objectives”, Paragraph 61.44, “Stability of the disposal site after closure” states:

“The disposal facility must be sited, designed, used, operated, and closed to achieve long-
term stability of the disposal site and to eliminate to the extent practicable the need for
o~ ~ing active mainten: ce of the disposal site following closure so that only

st illance, monitoring, or _ nor custodial care are required.” '

The functional requirement stemming from this performance objective is that short and
long-term settlement be limited to provide a “stable” site. A stable site preserves and
protects the functions of other parts of the disposal system, such as covers, from natural
forces and geologic processes which might degrade their functions. Short-term is
generally considered as the time during which the site is being constructed, filled, closed
and finally covered. Long-term is the subsequent 500-year time period stipulated by
NRC regulations for NRC Class C waste sites.

e The Code of Federal Regulations 10 CFR 61 (U.S. NRC) Paragraph 61.52 (a) (2), “Land
Disposal Facility Operation and Site Closure” states:

“Wastes designated as Class C pursuant to § 61.55, must be disposed of so that the top of
the waste is a minimum of 5 meters below the top surface of the cover or must be
disposed of with intruder barriers that are designed to protect against an inadvertent
intrusion for at least 500 years.”
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The CDI entombment conceptual alternatives rely on the existi  221-U Building structure, with
some modifications, to provide adequate structural load capacities. Adequate structural capacity
must be furnished for gravity loads and for natural phenomena lateral loads (e.g., wind,
earthquake) that will be encountered during the three major project phases (1.0 Prepare the
Complex ; 2.0 Operate the Complex; and 3.0 Close the Complex). For structural evaluation
purposes, the project phases can be grouped into two time periods: short and long-term. The
short-term period is defined as the time that the facility must remain stable to permit
modification of the facility and fill it with waste (i.e., during CDI phases 1.0 Prepare the
Complex , and 2.0, Operate the Complex, respectively). The long-term period is defined as the
time that the facility must remain structurally stable during installation of the environmental
barrier cap and during the monitoring for long-term stability (i.e., during CDI phase 3.0, Close
the Complex). Design life for land disposal facilities that handle Nuclear Regulatory
Commission (NRC) Class C waste is stipulated to be 500 years minimum.

3.2 Structural Aspects Associated with CDI Function 1.3 (Modify External Area)

1e site, buildings and structures that lay within the boundary of the proposed external ...1
around Building 221-U can be prepared for waste emplacement. For the structural scenario
scope, this includes the following aspects:

e Proper demolition, removal or preparation of existing external buildings and structures are
not anticipated to impact the current structural capacity « 221-U.

e The bearing strength of the granular foundation soils under the main building footing depend
in part on the vertical confining gravity loads from the soil overburden around the 221-U
building. Because the current elevation of the ground surfa  varies at different locations
around building, the perimeter ground can initially be filled, compacted, and brought to a
minimum elevation that assures adequate stability of the building foundations during
subse 1ent waste emplacement operations. This includes fi ng at both ends of the building
Sections 1 and 20.

3.3 St ctural Aspects Associa 1 with CI Function 1.4 ( Modify Facility )

It is projected that the following building structure-related activities can be conducted without
degrading the current structural capacity of the 221-U Building:

e Access ways can be made a» lable for waste emplacement activities in Building 221-U. For
example, access into the operating deck can be accomplished via the rail tunnel. . .ie rail
tunnel can be used for access to the operating deck before waste emplacement is started on
the operating deck itself. At this point in the fill sequence, the rail tunnel will have to be
filled with waste to provide an adequate foundation for waste emplacement on top the deck.
This will require that access ways to the operating deck be shifted to one or both of the
endw. s. Access into the galleries can be accomplished through the existing roll-up door in
the south end of the Piping Gallery, and by removal of the unreinforced end walls of the

10
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building sections as they are filled. Differential fill depths between adjacent segments can
be limited to prevent additional fracturing at these expansion joint intersections by layering
the fill so that the entire facility is filled upwards and relatively evenly, rather than filling one
end of the facility first and then proceeding from end-to-end.

Figure 3-1. Conceptual Examples of End Wall Reinforcement Approaches
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Piping gallery

Rail Tunnel

Operating gallery

Operating Deck to top of Crane Way shield wall (Multiple lifts)
Crane Way and space above to underside of roof (Multiple lifts)

Figure 3-2. Conceptual Fill Sequence for 221-U

9b

9a 9a
8a

8a
Ta

Ta
6a

Ground
5a Level

Ground

Level

Note: Building is to be filled layer-by-layer, circumferentially.

Waste emplacement scenarios for each of the above areas are discussed in the following
subsections for both the base case that uses compacted bulk earthen material and the alternate
case that uses cube containers.

Fill materials proposed for placement in the interior spaces of Building 221-U range in weight as
follows:

e Well-compacted Hanford Site soils in the range of 110 to 120 b/’
e Structural grouts ~ 150 Ib/f’
o ILAW-type waste packages ~ 227 Ib/ft’.

14
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and 25 feet tall. The vaults are designed to allow access for ouring a flowable grout with a
tremie tube using a concrete pump system. Relatively small lifts, on the order of one foot, are
poured sequentially, one after the other, in each of the cells. After a period of time, the next lift
is poured in the first cell. Theti e period is selected to allow sufficient time for the heat of
hydration during the curing period to dissipate, and prevents cumulative build-up of temperature
and associated thermal expansion that could damage the monolith concrete structure.

3.5 Structural Aspects Associated with CDI Function 3.1 (Establish Closure Systems)

After Building 221-U is filled with waste materials and the project proceeds to closure systems;
the building, building contents, : 4 surrounding fills will furnish a stable base over which the
Environmental Cap is constructed as discussed in the Master Structural Strategy, Section 1.0.
Settlements are expected to occur immediately upon the initial waste loadings, with little
additional long-term settlement after closure of the site as discussed in Appendix A, Section
A1.6. This long-term stability will help retain the integrity of t environme ° cap.

16
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to that being used in the Saltstone project at Savannah River S , can be poured in small lifts so
that thermal expansion loads will not challenge the existing wall lateral structural capacities.
Detailed estimates of these wall capacities are recommended for development during later
design phases for the CDIL.

2 Conceptual Scenario for the Cells

The base case fill material for the ce :is compacted bulk soil waste. This material is to be
emplaced in lifts with adequate compaction of each lift.

For cube-container waste, containers can be stacked four high in the cells. This assumes that the
cell internals are removed (i.e. empty cells are made available). It may be necessary to construct
a load carrying intermediate floc above the cover blocks to limit loads on the containers in the
cells. Such alternate methods are beyond the scope of this CSS study.

The overall fill process for the cells will follow general fill seq icing and constraints similar to
those discussed in Sections 3.4 and 4.1.

4.3 Conceptual Scenario for the Ventilation Tunnel

For most of the length of the 221-U Building, the Ventilation Tunnel is 10 ft — 6 in. x 10 ft —6 in.
in dimension. The base case fill material for the ventilation tunnel is compacted bulk soil waste.
This material is to be emplaced in lifts with a :quate compaction of each lift.

The alternate material for waste emplacements is cube containers. Container emplacement could
be as dense as 2 packages wide by 1 package high in the Ventilation Tunnel.

The overall fill process for the Ventilation Tunnel will follow general fill sequencing and
constraints similar to those discussed in Sections 3.4 and 4.1.

4.4 Conceptual Scenario for the Hot Pipe Trench

The Hot Pipe Trench is an 8 feet wide by 10 feet. high trench (See Figure 1.1) which length runs
from the south end of the building ending at Cell 5. Current concepts include disposal of
significant amounts of miscellaneous size-reduced equipment and materials in the Hot Pipe
Trench. For this CSS, it is assumed that this will be the only type of material to be emplaced in
the Hot Pipe Trench. This kind of emplacement will require that the fill be a flowable type grout
to preclude formation of voids. '

The overall fill process for the Hot Pipe Trench will follow general fill sequencing and
constraints similar to those discussed in Sections 3.4 and 4.1.

4.5 Conceptual Scenario for the Rail Tunnel

The rail tunnel will provide the initial access way for moving materials into the building and on
to the operating deck. As the waste placement on the operating deck initially approaches the rail

18
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4.7 Conceptual Scenario for the Space In-and-Above the Crane Way

Vertical space to be filled in-and-above the Crane Way extends upward ~23.7 ft high to the
underside of the roof.

For = base case fill material (compacted bulk soil waste), the soil will be placed in a series of
lifts because of the large height of the space to be filled, and to accomplish balancing the loads
on opposite sides of the walls. When the headroom becomes too low fi zffective compaction,
the last fill placement will be grout pours. A detailed analysis will have to be conducted during
the next CDI project phase to evaluate acceptable locations for cutting access ways into the
building roof to place the final grout lifts.

The alternate material for waste emplacements is cube containers. Vertical space to be filled
above the crane way floor deck would allow for a maximum stack of four levels of containers.
This option includes a one foot thick layer of fill above each layer of waste containers, and fill in
the interstices between the containers.

The overall fill process for the space in-and- above the crane way will follow general fill
sequencing and constraints similar to those discussed in Sections 3.4 and 4.1.

4.8 Conceptual Scenario for the ..sternal Fill

Both base case and alternate fill materials can be used in exterr fills outside the building
envelope. The Master Structural Strategy discussed in Section 1.0 will have to be implemented
to protect the building integrity during waste empl: :ment. In general, external fill placement
will have to be coordinated with waste emplacement inside the building to balance loads across
the existing walls. Details of the external waste emplacement are beyond the scope of this study.

4.9 Other Fill Scenarios Considered but not Developed

Several other scenarios were considered while developing the above scenarios, but were
eliminated from further consideration earlier in the process of preparing this report. These
scenarios focused on waste emplacement inside the building before waste en "acement outside
the building. Some of the structural scenarios considered were:

e Soil fill with tension ties across the building.

o Self-supporting reinforced earth fill inside the building.

e Self-supporting cube containers with reinforcing steel in the grout matrix around the
containers.

Each of these candidate scenarios was rejected for reasons rang g from basic structural
inadequacy 1o excessive structural complexity. For example: Self-supporting reinforced earth
fill was rejected because of the fundamental incompatibility between the deformation
characteristics (modulus of deformation) of s material and the reinforced concrete building
structure. Another option considered was fills with soils with spaced tension ties 1ibout 10 feet

20
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on center vertically and horizontally spanning the entire width of the building from outside wall
to outside wall). This option was rejected because the existing walls cannot carry horizontal
seismic loads from the proposed fills to the foundations in a structural flexural mode. They lack
the structural flexural capacity. Calculations were not developed for these scenarios.

21
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APPENDIX A — LOADS CONSIDERED FOR CONCEPTUAL SCENARIOS
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INTRODUCTION

The following fundamental engineering parameters were examined while developing the
conceptual scenarios to assure that the Building 221-U scenarios are achievable for CDI
Alternative 4:

Gravity loads with fill

Foundation beari

Gallery floor capacities

Gallery wall capacities

Process Area exterior wall capacity
Short and long-term settlements

Scoping assessments were performed for each of the above parameters to guide the scenario
development. Structural calculations for this study are at a rough-order-of-magnitude (ROM)
level, and are furnished in Appendix B for conceptual feasibility scoping purposes only.

Al.1 Gravity Loads with Fill

Gravity loads attributable to a given area are basically the product of the unit weight of the fill
material times the height of the fill. Simple one-dimensional models can be used to provide
upper-bound estimates for the anticipated floor loads due to filling the building. Floor loadings
are calculated as the clear height of the space times the unit weight of the proposed fill materials.
These evaluations are furnished in Table A-1.

Al.2 Foundation Bearing Capacity

The original foundation pressure limits for design of Building 221-U are shown on drawing
W69334, Rev. 81. An allowable foundation load of 8000 Ib/fi* is listed in a note on the drawing.
This number was based on results from New York City Plate Bearing Tests conducted at the sites
where the major Hanford process structures were built. The ac ptance criteria for

these tests was a maximum settlement of 10/32 of an inch (DuPont, 1945, Vol. II1, p.638) for an
allowable bearing load of 8000 Ib *. The tests were described (Ibid., p. 816) as follows:

“Wooden test tables, having bearing plates twelve inches square and platforms six feet
square, were set at a minimum of four to five feet below ground :vel in undisturbed soil.
Additional test tables were set up in the deep excavations of buildings such as 221 and
241. Weight was added at regular twenty-four hour intervals in 2,000 pound increments
over a period of ten days. From the settlement readings made daily, settlement diagrams
were plotted for each test to ascertain the actual soil-bearing capacity.”

A2
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qo =cN_.+qN, +1/2yBN, (A1)

where ¢, is the average ultimate bearing stress over the footing contact area 4, g is the
overburden or surcharge pressure at the foundatic base and y is the unit weight of the soil.
‘Three bearing capacity factors N, N, , and N, represent the effects due to soil cohesion, surface
loading, and soil unit weight. These factors are all a function of the angle of internal friction ¢
for the soil. B is the foundation width. Since we are dealing pr  arily with deep deposits of
sand and gravel on the Hanford Site, the term relating to cohesi  drops out of the expressions.
Maximum allowat : soil bearing stress ¢, is commonly calculated using a minimum factor of
safety (F.S.) of 3.0.

ga=9./3.0 (A.2)

The fill scenario that produces the highest bearing stress with the lowest F.S. on bearing capacity
is the case where the galleries, ventilation tunnel, and process area above the cover blocks is
filled with ILAW v ite packa; and grout. This scenario incluc  placement of reinforci

steel in the waste package-grout matrix so that simultaneous external fill is not required to
balance loads across the existing building walls. For this scena ) under gravity loading only,
the average soil bearing load is 8.1 tons per square foot and the F.S. against soil bearing failure is
18.2. Simultaneous external fill would increase the ultimate bearing capacity through the
increase in the term g,

Soil bearing capacity for this structural scenario was also evalu: d for a set of equivalent static
lateral seismic loadings ranging from 0.2W, where W is the weight of the building and fill, to
0.3W and 0.4W, acting horizontally through the center of gravity of the filled building. These
values span most of the range of seismic design requirements for the current Uniform Building
Code. Load eccentricity was addressed using correction factors for footing effective width and
inclination factors as discussed by Vesic (Ibid., pp. 29-131). © = overall F.S. against punching
shear at the toe of the foundation ranged from 8.1 for gravity loads combined with a static lateral
load of 0.2W, to 3.1 for gravity loads combined with a static lateral load of 0.4W.

Soil bearing capacity below tl existing Building 221-U foundations is adequate for the
structural scenarios associated with Alternative 4 for the FS. Large factors of safety for soil
bearing capacity under gravity loads are available for the case where the building is filled with a
self-supporting system of ILAW waste packages, grout, and reinforcing steel. A simplified
seismic lateral load analysis shows that adequate factors of safety are available to preclude
punching shear failure in the soils at the toe of the building foundation under UBC level seismic
loadings. The minimum F.S. is 3.1 for gravity loads combined with a static lateral load of 0.4W.
Scenarios where simultaneous fi occurs inside and outside Building 221-U will all have higher
factors of safety on soil bearing capacity than the scenario discussed herein.

A1.3 Gallery Floor Structural Capacities
Ceiling heights for the Building 221-U interior spaces are taken from Drawing No. W69566,
Rev. 73, “Bldg 221 T-U-B Std. Sects. Concrete Sections and D iils.” Inspection of anticipated
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outside of the building will have to be brought up to the elevation of the floor slab on which the
fill is to be placed before placing the fill. The exterior fill provides the lateral support for the
wall after the floor slab fails.

Simple scoping calculations were done to evaluate how much differential elevation can be
allowed between fills placed inside the galleries and the exterior fill placed around the outside of
Building 221-U. For the base case fill, bulk soil waste, the piping and operating galleries can be
filled for their full height before aving to bring the exterior fill up to the next floor level. The
allowable difference in fill elevation across the gallery walls is about 14 feet. For the alternate
fill, cube-containers and flowable grout, the fill weighs about twice as much as the compacted
soil base case. The maximum allowable difference in fill elevation across the gallery walls is
about 7 feet when placing fill consisting of cube-containers and grout. The limiting structural
elements that control these differential elevations are the floors of the Operations and Piping
Galleries.

AL1.5 Operating Deck Outside Wall Lateral Structural Capacity

Waste emplacement above the cover blocks on the _ perating, . eck introduces two lateral loads
for which the Operating Deck exterior walls were not designed. Lateral soil loads due to waste
soil emplacement and compaction and lateral seismic loads imposed on the external wall from
self-weight and the weight of the fill.

The first load is the lateral load produced by placing and compacting the base case bulk soil
waste. Shannon & Wilson provided lateral earth pressure estimates in Chapter 11 of their soil
report which have been used to estimate this lateral load. The at-rest earth pressure coefficient,
K, , was taken as 0.36 and additional load due to compaction close to the wall was included. The
resulting lateral load on a one foot wide strip of wall which is filled to an elevation 14 feet above
the outside fill varied linearly from 410 Ib/ft at the top of the fill to 708 1b/ft at the bottom of the
current lift of fill.

The second component of the lateral load is the inertial load of e exterior wall self-weight and
the fill. For the Operatin§ Deck exterior wall it was assumed that the fill weight was that of the
bulk waste soil (115 Ib/ft” ). An additional uniform dynamic incremental load of ten times the
height of the fill, 140 1b/ft%, was used to represent the inertial load from the fill in accordance
with Shannon & Wilson recommendations. The lateral component for the wall self-weight was
taken as 0.30 g times the wall weight uniformly distributed over the 14 fo.. height of the fill.

These loads impose a cantilever bending moment of about 1400 kips-in (including load factor)
on the exterior wall during each lift. When the external fill is brought up to match the elevation
of the internal fill, the loads are again balanced across the wall. Given the height of the building
roof, it will take 3 lifts to fill the space. The maximum moment during the first lift occurs at the
level of the deck and cover blocks. During the second lift, the maximum moment occurs at the
base of the second lift which is 14 feet elevation on the wall above the deck. The added load is
around 25 percent of the reserve bending strength at each location which is described in Chapter
7 of the Winkel building seismic analysis. These loads are well within the Operations Deck
exterior wall moment capacities.
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The evaluation of the external gallery walls in Section A1.4 resulted in a recommendation that
unbalanced fill heights on the inside of the gallery walls be limited to no more than 14 feet of
bulk waste soil, and 7 feet of cube-containers with flowable grout in the interstices between the
containers. A ____ilar recommendation for limitations on the unbalanced height of fill is also
appropriate for fill on the Operating Deck.

There are residual uncertainties involved in imposing unbalanced fill loads on this exterior wall.
The vertical and latera >ad distribution from the roo” ‘ownward into the building walls depends
on the vertical and lateral stiffness of the support walls. Lateral deflections of the support walls
due to unbalanced fill loads will impact the percentage of the lateral seismic loads taken by each
wall at the elevation of the crane rail. It is recommended that this interactior * : quantified in
detail in future structural studies.

A1.6 Short and Long-term Settlements
A1.6.1 Settlement Without External Fill

A one-dimensional settlement analysis was made for the structural scenario where the canyon is
filled internally before it is filled around the exterior. The method used was

¢ eloped by Schmertmann (1970) with subsequer nodifications reported in Schmertmann et
al. (1978) as discussed in Fang (1985, ter 5). This is an empirical procedure which is
expressed as:

n (1]
s; =C,C, qu (%)i Az, (A.3)
i=]
where: Aq = net load intensity at the foundation depth

I, = strain it uence factor from the distribution for plane strain.
E = appropriate Young’s modulus at the middle of the ith layer of thickness Az
C1, C, = correction factors

Schmertmann’s procedure assumes that strain contributions to settlement occur in a soil volume
that has a depth of four times the foundation width below the building foundation. One of the
two correction factors was used in the analysis. Factor C) is a modification that increases the
maximum strain influence factor based on the ratio of the in-situ overburden stress at the depth
of the foundation to the net foundat | pressure. The second factor C; is intended to address
time dependent settlement increases for foundations on cohesionless soils. This factor was not
included because it is generally agreed that settlement on sands and gravels with little organic
content occurs immediately on loading. This is consistent with recommendations in the Shannon
and Wilson soil report for the proposed W-236 facility in the 200 West Area.

Values forthei itu Young’s Modulus as a function of depth were taken from Table 8-1 in the
soil report which is titled “Summary of Static Soil Properties.” Building 221-U is located
immediately northwest of the intersection of Beloit Avenue and 16™ Street in the 200 West Area.
The site location for the proposedW-236 facility was described as “east of Beloit Avenue and
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north of 13" Street on the southeast side of the 200 West Area complex.” This location is
diagonally across the intersection from Building 221-U; therefore, the soil investigation has
considerable applicability to the Building 221-U site.

An timum settlement of 2.0 inches is predicted for Building 221-U when filled including loads
from the surface barrier. Settlement will be immediate, as soon as the fill is placed, and there
should be little additional long-term settlement. The figure of 2.0 inches is larger than the 1/2
inch gaps that were designed into the expansion joints in Building 221-U. Therefore, fill of the
building will have to be done in layers that extend the entire length of the building to preclude
fracturing between sections at the horizontal portions of the expansion joints. These areas are
located in the roof and the main Shield Wall above the operating deck.

Al1.6.2 Set ':ment With External Fill

Settlement of the entire entombment complex as shown in Figure 1-2, can be bounded for
feasibility purposes without add onal calculations using the following logic. Two factors are
considered: a) instantaneous elastic deformations in the foundation soils below the filled building
and the surrounding fill, plus b) potential inelastic post-closure consolidation in the fill placed
around the building. The elastic settlement below the building and surrounding fill is estimated
based on the author's engineering judgement to be two times the 2.0 inch value discussed in the
previous paragraph. Additional post-closure consolidation in t|  fill placed around the outside of
building can be bounded by the consolidation estimate for the ERDF fill. This estimate is
reported as 2.3 inches maximum (Casbon, 1S , pp. T97 — T108). Therefore, a conservative
bounding estimate for the total settlement can be summed up to be in the range of 4 to 6 inches
adjacent to the Building 221-U walls.

References:

For References see main document.
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