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Abstract:

To prepare single-shell tanks for closure, it will be necessary to place some type of load-
bearing fill material inside the tanks to support the domes. Provision of internal support permits
the simplifying assumption that the combined weight of the dome, the existing operational soil
cover, and the surface barrier will eventually transfer to and be carried by the fill. This
engineering study provides descriptions and evaluations of four alternative concepts for filling and
stabilizing nominally empty SSTs with fill materials. For this study it is assumed that 99 percent
{or more) of tank wastes Will be retrieved before closure is undertaken. The alternatives are:

Gravel: tanks would be filled with crushed aggregate using a rotating stinger apparatus installed in
the central riser.

Grout: tanks would be filled with a pumpable, ex-situ mixed grout formulation.

Hybrid: tanks would be filled first with coarse aggregate, then with grout, producing a
pre-placed aggregate concrete material.

Concrete: tanks would be filled with a highly-flowable, ex-situ mixed concrete formulation.
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1.0 INTRODUCTION

1.1 BACKGROUND

On January 28, 1994, the U.S. Department of Energy (DOE) announced, via a notice of
intent in the Federal Register (59 FR 4052), that an environmental impact statement (EIS) would be
prepared for disposal of waste in the 149 single-shell tanks (SST), 28 double-shell tanks (DST),
601 strontium fluoride capsules, and 1,328 cesium chloride capsules under the scope of the Tank
Waste Remediation System (TWRS). The purpose of the TWRS EIS is to evaluate environmental
impacts of reasonable disposal alternatives for the tank wastes and capsules in accordance with the
National Environmental Policy Act of 1969 (NEPA). The TWRS EIS was issued in August 1996
(DOE and Ecology 1996). The EIS evaluates a total of 10 alternatives. The alternatives are as
follows:

. No Action--This alternative is identical to the long-term management alternative,
except that no new DST construction, transfer of waste from SSTs, or backfilling of
SSTs would occur.

. Long-Term Management--New DSTs would be constructed every 50 years.
Pumpable liquid waste would be transferred from the SSTs to DSTs. The remaining
sludge, salt cake, and interstitial liquids would be left in the SSTs. The SSTs would
be backfilled as necessary with basalt gravel to prevent tank dome collapse and
subsidence. Contaminated soil sites and tanks would continue to be monitored.
Sampling and characterization of the contaminated soil sites would continue. Soil
contaminated from tank leaks and spills would be left in place.

. In Situ Fill and Cap--Remaining liquids in SSTs would be removed to the extent
practicable by continuation of salt well pumping. SSTs would be filled with basalt
gravel to prevent tank dome collapse and subsidence. The remainder of the SST
operable unit, including ancillary equipment and contaminated soil, would be closed
in accordance with applicable regulations for hazardous chemical and radioactive
constituents. A surface barrier and protective marker system would be placed above
the SST farms.

. In Situ Vitrification--Remaining liquids in SSTs would be removed to the extent
practicable by continuation of salt well pumping. Void space in tanks would be
filled with Hanford Site sand, and the residual waste and sand would be immobilized
by in situ vitrification. Following vitrification, any void space that might remain in
SSTs would be filled with basalt gravel or grout to prevent tank dome collapse and
subsidence. The remainder of the SST operable unit, including ancillary equipment
and contaminated soil, would be closed in accordance with applicable regulations for
hazardous chemical and radioactive constituents. A surface barrier and protective
marker system would be placed above the SST farms.

. Ex Situ/In Situ Combination--Two ex situ/in situ alternatives are evaluated in the
TWRS EIS. Approximately 30% (in one case) or 50% (in the other case) of tank
waste would be retrieved and treated for disposal as in the extensive retrieval
alternative. The remaining tank waste would not be retrieved, but would be
disposed in place as in the fill and cap alternative. A risk-based approach will be

1-1
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used to determine which tanks fall in each category. Closure of the SST operable
units for each category of tanks would be as described above for the ex situ and in
situ alternatives.

. Ex Situ Alternatives--Three ex situ disposal alternatives are evaluated in the TWRS
EIS. These differ with respect to treatment processes and disposal of treated waste,
but do not differ with respect to waste retrieval and closure. For all the ex situ
alternatives, as much waste as practicable (nominally 99%) would be retrieved from
SSTs and transferred to interim storage in DSTs, or transferred directly to process
facilities. The SST operable units, including tanks, residual waste in tanks, ancillary
equipment, and contaminated soil would be closed in accordance with appropriate
regulations for hazardous chemical and radioactive constituents. A surface
protective barrier and marker system would be placed over the SST farms.

. Phased Implementation—Tank waste remediation and tank closure is as described for
the ex situ alternatives, but is carried out in two privatization phases. Private
companies would construct and operate two facilities for separation and
immobilization of low-activity waste and one facility for vitrification of high-level
waste (HLW).

A record of decision (ROD) for the TWRS EIS is scheduled to be issued by
November 1996.

The TWRS EIS addresses the issues of retrieval and final disposition of Hanford tank
wastes. Closure of SST farms also is considered for all the alternatives except no-action disposal to
ensure a consistent basis for comparison of all the disposal alternatives. However, alternatives for
cleanup, immobilization, or disposal of contaminated soil, ancillary tank farm equipment, residual
waste in tanks, and the tanks themselves are not sufficiently developed to permit final decisions on
closure configuration and closure technologies in the TWRS EIS. Supplemental NEPA documentation
will be prepared as a basis for reaching final decisions on closure.

Tri-Party Agreement Milestone M-45-00 specifies that closure of SST operable units,
including contaminated soil and tank farm ancillary equipment, is to be accomplished in accordance
with Washington Administrative Code (WAC) regulations and Ecology et al. (1994). Milestone
M-45-06, which is an interim milestone, requires submittal of a SST closure work plan (CWP) to
serve as a tool for identifying and resolving issues pertaining to closure of SSTs prior to submittal of
the actual closure/postclosure plan required by WAC regulations. The purpose of the CWP is to
describe the regulatory pathway for closure of SST operable units, define key activities and interfaces,
outline the closure strategy, identify major decisions to be made concerning closure configuration, and
provide a means for tracking issues resolution. The CWP is to be revised and reissued on a 2-year
cycle to reflect the current status of closure strategy and technology and resolution of related issues
and uncertainties (DOE-RL 1989).

The Decision Document for Function 4.2.4 Dispose Waste provided in Westinghouse
Hanford Company [WHC] (1996) addresses immobilization and disposal of tank wastes and closure of
the tank farms. Closure options considered included clean closure, landfill closure, and modified
closure. Clean closure and modified closure options were eliminated because they are inconsistent
with the TWRS EIS and the TWRS planning basis.

1-2
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1.2 SCOPE OF THIS ENGINEERING STUDY

A number of uncertainties exist regarding the continued structural integrity of the SST and
DST domes during postclosure. The duration of the postclosure period for tank farm operable units
has not been formally established for performance assessment purposes, but it could extend for 1,000
to 10,000 years. Although concrete has been used in civil construction dating back to the time of the
Roman Empire, reliable methods are not available for quantifying aging processes (i.e., chemical
alteration and corrosion rates) for steel-reinforced concrete structures over very long time frames.

Extensive documentation is available concerning allowable dome loads for SSTs and DSTs in
their current condition (e.g., Ramble 1983). Assuming that engineered surface barriers (such as the
Hanford Engineered Surface Barrier) will be constructed over tank farms at closure, it is known that
the weight of barrier materials will significantly exceed dome load limits and would almost certainly
cause the domes to collapse unless the tanks have been filled with load-bearing materials to support
the domes internally and prevent them from failing; therefore, it is essential that some type of load-
bearing fill material is provided to prepare tanks for closure. Provision of internal support permits
the simplifying assumption that the combined weight of the dome, the existing operational soil cover,
and the surface barrier will eventually transfer to and be carried by the fill. Placing load-bearing fill
materials in the tanks should also eliminate the need to characterize time-dependent changes in
strength of materials within the domes during postclosure.

In the TWRS EIS, the scope of closure consists of filling the 100-Series tanks with crushed
aggregate (gravel), filling 200-Series tanks, miscellaneous tanks and ancillary equipment with grout,
and constructing engineered surface barriers over SST farms, DST farms, and low-activity waste
disposal vaults. No specific effort was made to optimize these activities for the EIS.

This engineering study expands on the treatment of closure in the TWRS EIS by providing
descriptions and evaluations of four alternative concepts for filling and stabilizing nominally empty
SSTs with load-bearing materials. For this study it is assumed that 99% (or more) of tank wastes will
be retrieved before closure is undertaken. The four alternatives are:

. Gravel--Tanks would be filled with crushed aggregate using a rotating slinger

apparatus installed in the central riser. (This is the fill method described in the
TWRS EIS)
. Grout--Tanks would be filled with a pumpable, ex situ mixed grout formulation

. Hybrid--Tanks first would be filled with coarse aggregate and then with grout,
producing a pre-placed aggregate concrete material

. Concrete-—-Tanks would be filled with a highly-flowable, ex situ mixed concrete
formulation.

Conceptual descriptions of the four alternatives are provided in Section 2.0 of this report.

1-3
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The objective of this study is to evaluate the four tank-fill alternatives according to a set of
objective decision criteria, and to document the results for future uses. In Decision Plan: Filling of
the Hanford Site Single-Shell Tanks (Boothe 1996; Appendix F), the following list of decision criteria
was identified:

Structural performance of fill materials

Hydrologic performance of fill materials

Public health risk

Occupational doses (i.e., worker radiological exposures)
Comparative dollar costs

Reversibility.

Structural performance and public health risk will be evaluated by numerical modeling
methods and are scheduled as multi-year tasks that will not be complete at the end of FY 1996.
Contaminant transport modeling will be carried out as part of the public health risk evaluation to
characterize the hydrologic isolation performance of the overall closure system concept. It is
presently unknown whether hydrologic performance requirements will need to be assigned to the
tank-fill material. It is envisioned that this study will be revised and reissued to summarize the results
of these tasks as they are completed.

As indicated in the decision plan (Boothe 1996), the selection of a preferred fill method will
be made as one of several final decisions for closure in supplemental NEPA documentation to be
developed for the TWRS EIS. It is anticipated that this report will serve as a resource for the NEPA
supplement.

As stated in the final TWRS EIS, DOE plans to implement a program, referred to as the
Hanford Tanks Initiative (HTI), to gather information and reduce uncertainties associated with tank
closure. Information obtained through HTI will be used to establish processes and criteria for
evaluating future closure options. The planned scope of HTI includes continued engineering
development of tank closure alternatives. A decision process is planned as part of HTI to evaluate
tank-fill alternatives as a basis for focusing future engineering development. Results and conclusions
from this engineering study will support that process.
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2.0 DESCRIPTIONS OF ALTERNATIVES

2.1 ALTERNATIVE 1: STABILIZATION OF SSTs WITH CRUSHED AGGREGATE

2.1.1  Process Description

With this alternative (also termed the gravel fill alternative), nominally empty SSTs will be
filled (structurally stabilized) with crushed aggregate. The process is an adaptation of commercial
materials-handling technology for storage and retrieval of granular solids. The essential equipment
components consist of a metering hopper, belt conveyor, and a rotating "rock slinger" apparatus and
associated support structure situated in and above the central riser of the tank.

The rock slinger concept was the subject of extensive prototype development activities at
Hanford between 1983 and 1985. A centrifugal thrower mechanism was selected for placing and
distributing crushed aggregate in SSTs. The specific mechanism used in prototype tests was a 10-in.
"swiveloader” manufactured by Stephens-Adamson Mfg. Co. of Aurora, Iilinois (see Figure 2-1).
The unit provided a material handling capacity of 50 tons (T)/hr for materials with bulk densities of
50 Ib/ft® or greater. The swiveloader used in prototype testing was equipped with a 5-HP, 3600-rpm
drive motor requiring 480-volts alternating current three-phase power. The unit will handle material
with a maximum particle size of 3/4 in.

In the prototype arrangement, aggregate was transferred from a stockpile to a metering
hopper. An adjustable discharge gate on the hopper could be raised or lowered to control the
flowrate of aggregate onto a belt conveyor. The conveyor moved material from the hopper to a
bucket elevator that is positioned alongside the centerline of the tank central riser. The bucket
elevator was designed to lift and position the aggregate to provide a vertical drop of 20.5 ft.

From the bucket elevator, aggregate fell through an extendable fill tube assembly (consisting of 17 ft
of 8-in.-diameter pipe and 3.5 ft of transition pieces) suspended in the central riser (see Figure 2-2).
Material exiting the fill tube discharged onto the slinger belt. The slinger alters the velocity vector of
the aggregate from vertical to near-horizontal.

The filling apparatus is designed to be installed in a 42-in.-diameter riser. The extendable
fill tube is functional in risers varying from 4 to 12 ft in length (i.e., maximum extension is 8 ft).
The weight of the slinger mechanism is supported by the fill tube assembly. The combined weight of
the slinger and the fill tube assembly is carried by a rotating, internal gear bearing at the top of the
support structure. A remotely-operated drive motor rotates the slinger. A second remotely operated
drive motor, coupled to a ball-screw mechanism, raises or lowers the slinger. The support structure
is free-standing and self-supporting. The support structure is designed with manually operated
leveling jacks on each leg. The system is designed so that no loads are imposed on the riser (Gilbert
and McBeath 1985).
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Figure 2-1. Swiveloader, Profile View.
(from Gilbert and Mcbeath, 1985)
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Figure 2-2. Slinger and Support Structure, Hlustrating Extension Capability for
Installation in Risers of Various Lengths.
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Throwing distance and trajectory are a function of the discharge angle and velocity of the
slinger belt. The swiveloader’s discharge angle can be modified between O (horizontal) and
35 degrees (upward). At any given speed, material can be cast further by increasing the discharge
angle within the allowable range. In the prototype tests described by Gilbert and McBeath (1985), it
was established that 75-ft-diameter tanks could be uniformly and completely filled with crushed
aggregate in approximately 100 operating hours, and that the process was readily controllable by
varying belt speed and discharge angle within available limits. In particular, the tests showed that
aggregate can be placed in uniform close contact with the underside surface of the 100-Series tank
domes (i.e., a system of this type is able to completely fill the head space of the tanks). Based on
information presented in Table A-1 of Kline et al. (1995), stabilization of SSTs and DSTs would
require about 1 million yd® (or about 762,000 m® of crushed aggregate fill material.

From the prototype testing conducted in 1983 through 1985, a significant amount of useful
information is available relating to wear characteristics of the system (Gilbert and McBeath 1985).
Abrasion of the slinger belt was a specific concern in the prototype tests. A tank can be filled with
aggregate in approximately 100 operating hours, which dictates that belt life should be 100 hours or
more. More frequent belt changes could involve radiological exposures to maintenance personnel.
Belt speed is variable. When the slinger was operated at 73 ft/sec, severe abrasion of the belt was
observed (belt failure occurred after 17 hours of operation). However, abrasion was significantly
reduced at lower speeds. Minimal belt wear is achieved when the speed of the belt is set equal to the
arrival velocity of the aggregate (approximately 36 ft/sec). Based on the prototype experience, a
change to another belt material was recommended, such as a pure gum rubber belt.

The transition sections of the fill tube assembly were another high-wear area of the prototype
system. Testing showed that a shallow transition angle was necessary and the components should be
fabricated of abrasion-resistant steel. Experience also showed that hopper surfaces should be lined
with materials such as ultra-high molecular weight plastics to protect them from abrasion, and that
rugged-service belt splices should be used.

2.1.2  Preparation for Fill Emplacement

Prototype testing conducted in 1984 and 1985 established the basic workability of the gravel
fill concept. However, it was established in these early tests that "shadowing" effects in fill
placement would be created by in-tank hardware (ITH). When aggregate is broadcast into the tank by
the slinger mechanism, it ricochets off ITH items, creating a shadow region behind each item. In the
shadow regions, the density of the fill ultimately will be lower and filling may be incomplete relative
to unobstructed areas. It is likely that small-diameter items would be destroyed by the abrasive action
of the gravel within a short time after filling is initiated. Large-diameter items could persist for some
time as obstacles to uniform filling of tanks. This issue is significant because it would create
non-uniform structural properties in the fill that would be difficult to evaluate.

Large-diameter ITH may have to be disassembled and lowered to the bottom of each tank to
ensure that tanks are uniformly and completely filled. For estimating purposes, it is assumed that
large-diameter hardware items (defined as greater than 4 in.) can be cut off and lowered to the floor
of the tank. It is expected that small-diameter ITH (4 in. and smaller) would quickly be abraded by
the aggregate during the fill process and be incorporated into the fill without the need to undertake
separate efforts to cut them off. An inventory of large-diameter ITH in SSTs is included in this
report as Appendix B.
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The swiveloader mechanistn is designed to be installed in 100-Series tanks through a
42-in.-diameter central riser. Many 100-Series tanks are not equipped with a 42-in.-diameter central
riser. Some tanks were constructed with no central riser access and other tanks have central risers
with diameters less than 42 in. There are also cases where tanks have large-diameter risers (up to and
including 42-in.) that are not centrally positioned. Riser conditions were summarized by Krieg et al.
(1990) (refer to Appendix C of this report). From this assessment, it appears that 64 new
42-in.-diameter risers would have to be constructed in 100-Series SSTs if the gravel fill alternative is
selected.

2.1.3  Fill Material

The specified fill material for this alternative is a well-graded crushed aggregate consisting of
particle sizes ranging from 3/8 to 3/4 in. Basalt aggregate was used in prototype testing (McKenney
1983). The current concept calls for aggregate to be excavated, crushed, and screened at Pit 30, an
onsite borrow located midway between the 200 East Area and 200 West Area. Borrow material from
Pit 30 consists of coarse sand, pebbles, and cobbles. A crushed aggregate stockpile will be located
outside and adjacent to the perimeter of individual tank farms undergoing closure. The stockpile will
be sized to contain sufficient material to completely fill two 100-Series tanks.

2.1.4 Tank Ventilation

The fill operation will displace vapor from the tank head space and may dislodge
contaminants from the tank walls and internals. A high-efficiency particulate air (HEPA) filtration
system will be used to minimize radiological emissions. The ventilation concept is based on the
1,000-ft*/min portable exhausters that are currently used in support of tank farms operations.

The HEPA filter(s) will be connected to one riser and will be operated in exhaust mode (i.e., head
space pressure will be maintained slightly below ambient atmospheric pressure during the filling
operation). A preliminary assessment of particulate emissions for the gravel fill alternative indicated
that several pounds of dust would be generated per operating hour (Flyckt 1985). The HEPA filters
on the 1,000-ft*/min exhauster units must be replaced when they accumulate approximately 4 1b of
dust. The assessment concluded that some type of prefiltering would be required ahead of the HEPA
filters to minimize filter changeouts. Cyclones are included in the ventilation concept for this
alternative to control particulates (see Figure 2-3).

2.2 ALTERNATIVE 2: STABILIZATION OF SSTs WITH GROUT

2.2.1  Process Description

Nominally empty SSTs will be filled with grout. The process is an adaptation of methods
that are commonly used in mining and civil construction. Grout pipes will be installed in each tank
through existing riser penetrations. Grout will be mixed in a portable batch plant set up in close
proximity to the tank farm undergoing closure and pumped to individual tanks. Depending on
flowability properties of the grout and the number of grout pipes required per tank, a manifold on the
pumpline could be used to distribute grout to multiple grout pipes within a single tank.
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Figure 2-3. Ventilation Concept to Support Aggregate Fill Option.

(from Flyckt 1985)
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Grout will be placed in lifts. A self-leveling cementitious grout formulation will be
employed. Because hydration of cement is an exothermic chemical process, grouting in lifts probably
will be necessary to limit temperatures and thermal strains within the grout as it cures.

The maximum design thickness of individual lifts is dependent on the heat of hydration property for a
specified formulation. Lift thickness is to be determined.

The principal dry constituents of grout are sand, cement, and fly ash. For planning and
estimating purposes, it is assumed that sand would be produced at Pit 30; cement would be
transported to the site by railcar from Durkee, Oregon; and fly ash would be brought in by railcar
from Centralia, Washington. Dry storage will be required for cement and fly ash for protection from
precipitation and wind dispersion. Depending on the supplier and procurement terms and conditions,
bulk storage could either be onsite or offsite. The largest manufacturer and retailer of cement in the
Pacific Northwest, Lafarge, has a bulk storage terminal in Pasco, Washington. If cement is
purchased from Lafarge, storage requirements could be supported by the Pasco facility with truck
delivery of day-use quantities to the Hanford Site. Drop trailers (also known as "guppies") could be
delivered and picked up as needed, eliminating the need for onsite cement storage silos. A guppy
with a capacity of 4,100 ft® is illustrated in Figure 2-4. Fly ash could also be brought in from
Centralia by truck rather than rail, in which case the need for storage silos could be eliminated
entirely. As an alternative arrangement, bulk dry materials (i.e., cement, fly ash, and bentonite)
could be supplied in a pre-mixed form. Dedicated storage for this product could be provided in
Pasco. The pre-mixed product would not include sand. The onsite production cost for sand is
estimated at $8/ton. Unit costs for materials (based on informal vendor quotes) are identified in
Table 2-1.

In Kline et al. (1995), the grout alternative was described as including a central dry materials
batch plant for receiving, storage, and mixing of dry materials in correct proportions. Per the
original concept, dry mix would be transported by truck to grout plants in the 200 East and 200 West
areas as needed. At the grout plants, dry mix would be combined with water and liquid additives,
then pumped to individual points of use. The dry mix batch plant was estimated to cost
approximately $100,000. Based on updated vendor information, it appears that a separate plant for
storage and mixing dry materials is not essential.

Vendors indicate that a portable grout mix plant with a throughput capacity of 150 yd*/hr
(115 m*/hr) will cost approximately $415,000 (versus an earlier estimate of $500,000 by Kline et al.
1995). The plant configuration would include computerized batch controls, scales, a dust collection
system, silos for cement and fly ash, an aggregate bin, a water heater for cold-weather operation, a
10-yd® capacity mixer, and a holding hopper (see Figure 2-5). A concrete pump capable of delivering
150 yd*/hr through 600 ft of 5-in. pumpline will cost approximately $250,000. The pumpline
represents an additional cost of $15,000 (replacement interval - once per 100,000 to 200,000 yd®).
Based on information presented in Table A-1 of Kline et al. (1995), stabilization of SSTs would
require about 744,000 yd® (or about 569,000 m’) of grout to be mixed, pumped, and placed.
This quantity does not include grout for stabilizing ancillary equipment.

2.2.2  Preparation for Fill Emplacement
ITH is not an impediment to filling tanks with grout. Grout may not be able to enter and fill
certain hardware items in conjunction with the overall tank-fill operation. For these items, separate

efforts would be undertaken to inject grout to fill internal voids in ITH items through existing riser
penetrations. No 42-in. risers would have to be constructed to implement this alternative.
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Figure 2-4. Typical Storage Tank for Cementitious Materials.

(from Fruehauf Trailer Corp.)
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Table 2-1. Cold-Cap Grout Formulation.

Material Propottion Cost
API Class H Cement 300 Ib/yd® $83.00/T
ASTM Class F Fly Ash 1,112 Ib/yd® $48.60/T
Natural Fine Aggregate 1,314 Ib/yd® $8.00/T
(100% passing No. 8 sieve)
Sodium Bentonite Clay 38 Ib/yd® $110.00/T
Water 564 b/yd® N/A
High-Range Water-Reducing 4.5 ozlyd® $5.00/gal
Admixture (DAXAD19%)

*Trademark of W. R. Grace.
API = American Petroleum Institute.
ASTM = American Society for Testing and Materials.

Many of the older SSTs were laid out in cascades. If the grout fill alternative is
implemented, it would be necessary to prevent grout from flowing from a tank undergoing closure
through an overflow line to an adjacent tank that is not prepared for closure. From drawings, it
appears that many or most overflow lines are constructed of 6-in. Schedule 80 carbon-steel pipe.
For estimating purposes, it is assumed that overflow lines will be exposed in separate excavations,
and a hydraulic crimping tool (e.g., a "jaws of life” apparatus) would be used to pinch them shut.

2.2.3  Fill Material

For purposes of concept development, it is assumed that the "cold-cap" (void fill) grout
formulation developed by the U.S. Army Corps of Engineers (COE) for the Hanford Grout Vault
Program will also be appropriate for stabilizing SSTs and DSTs. The following information is
excerpted from COE’s technical report on development and testing of cold-cap grout (Wakeley and
Ernzen 1992).

Performance requirements for the cold-cap grout were divided into three general categories:

(1) Pumping and placement properties: The grout must be capable of flowing at
least 14 ft radially away from each entry point, it must be self-leveling and

nonsegregating, and remain pumpable for up to 2 hr after mixing. COE
determined that 15- to 18-sec flow times would be required to meet these
requirements.

(2) Properties of unhardened grout after placement: The grout must not evolve free

water between placement and final set. Free water would have the potential for
mobilizing contaminants.
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Figure 2-5. Typical Configuration of a Portable Batch Plant with a
150 to 200 yd*/hr Capacity Rating.
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(3) Properties of hardened grout: The grout was required to attain an unconfined
compressive strength of 400 Ib/in.? at 28 days. Shrinkage was limited to 0.1%; no
expansion was permitted. Limits on temperature rise were specified.

Materials, proportions, and unit costs for cold-cap grout are listed in Table 2-1.

American Petroleum Institute (API) Class H oil-well cement was specified because of its
coarse particle size and relatively low rate of heat evolution. Aside from coarseness, Class H cement
is chemically similar to Portland Type II and V cements. The chemical composition of Class H
cement is given in Table 1 of Wakeley and Ernzen (1992). Composition limits for various types of
Portland cement are identified in American Society for Testing and Materials (ASTM) C 150
(ASTM 1995). The low alumina content of Class H cement should provide resistance to sulfates
(which are significant constituents in tank waste). ASTM Class F fly ash (a low-calcium ash) was
selected over Class C ash for its improved resistance to sulfate attack and reduced early-age heat
generation. Wakeley and Ernzen (1992) indicated that Class F fly ash also has beneficial effects on
workability, and should enhance chemical stability and leach resistance.

Because sand makes up a significant proportion of the grout volume, volumetric stability of
the grout at elevated temperatures is highly dependent on the coefficient of thermal expansion of the
sand, which tends to counteract shrinkage of the cement paste as it dries. Local sand that is 100%
finer than the No. 8 sieve was specified, principally to enhance flowability of the grout.

Sodium bentonite is included in the formulation to aid pumpability, reduce segregation, and
eliminate bleeding. For durability, the weight ratio of water:cementitious materials (i.e., cement and
fly ash) in the formulation was limited to 0.4. These proportions necessitate the inclusion of a high-
range water-reducing admixture and a set retarder to obtain the required flow properties over the 2-hr
time period specified for cold-cap grout. DAXADI9 is a naphthalene-based product marketed by
W. R. Grace. The cold-cap grout mix design also included a set retarder (Plastiment). Plastiment is
a hydroxylated carboxylic acid salt marketed by Sika Corporation. The set retarder probably would
not be required for the tank-fill application.

In general, the cold-cap formulation appears to provide a reasonable initial representation for
tank-fill grout. However, for the tank-fill application, the principal attribute of the grout will be its
load-bearing capability (strength and stiffness). Tank-fill grout must have adequate strength in
compression and shear to prevent fracture under the anticipated loading conditions. The maximum
anticipated loading condition can be characterized as follows, assuming that the tank fill eventually
will support the full weight of the dome and superimposed soil materials:

Hanford Surface Barrier: 1,800 Ib/ft?
Cover soil: 10 ft @ 100 Ib/ft*: 1,000 Ib/ft?
Tank dome: 1 ft thick @ 150 Ib/ft*: 150 1b/ft?
Grout fill: 48 ft" @ 140 1b/ft>: 6.720 1b/ft?

9,670 1b/ft*/144 = 67 Ib/in.?
* Fill thicknesses for 100-Series tanks vary from a minimum of about 30 ft to a maximum of 48 ft (for DSTs).

For most materials used in structural support applications, this would be regarded as a relatively
modest loading condition. However, the grout for the tank-fill application must also be sufficiently
stiff that differential surface deflections can be maintained within acceptable limits (currently limited
to 6 in. based on the thickness of the low-permeability asphalt layer of the Hanford Engineered
Surface Barrier). Based on these considerations, the tank-fill application does not call for a
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high-strength grout, but it may require a relatively high-modulus material (i.e., grout with a high
stress:strain ratio). The modulus requirement is to be determined; bounding values are to be
developed by structural numerical modeling.

Tank-fill grout should exhibit a relatively low heat of hydration, as this property directly
affects the maximum allowable thickness of individual lifts that can be placed. Additional information
from laboratory tests is required to evaluate the adequacy of the cold-cap formulation with respect to
this criterion.

A formulation is desired that will evolve little or no free water during curing. Bleed water
is undesirable because it creates micro-channels in cement as it is expelled and may weaken the
surface layer of each lift (leading to increased permeability). Free water inside the tanks could
potentially mobilize residual waste. Cold-cap grout performs adequately in this regard because no
bleed water is released.

For the tank-fill application, grout should be free flowing and self leveling to the maximum
practical extent. This attribute is controlled by the water:cement ratio, and by additives
(e.g., specified fly ash and bentonite clay) that make the material "slicker." Fluidity of cementitious
grout mixtures is determined by flow test methods (see ASTM C 939 (ASTM 1994); ASTM C 230
[ASTM 1990]). For 100-Series tanks, flow would be optimal if grout could be placed successfully
from a single grout pipe located in the central riser. The cold-cap grout does not appear to satisfy
this objective, but probably can be modified to do so.

The cold-cap grout is essentially volume neutral (i.e., free of shrinkage or swelling during
curing), which is desirable for the tank-fill application. Appreciable shrinkage would be undesirable
because shrinkage could create apertures along the inside surfaces of the tank and/or at lift interfaces
that would constitute "preferential pathways" in performance assessment considerations. Ideally, the
tank-fill grout should also form a strong, adhesive bond with the tank wall, bottom, and dome.
Performance of cold-cap grout in this regard is unknown. There is a type of cement that swells as it
cures. Such a material may be useful for placing the final grout lift(s) under the tank dome;
moderate, controlled swelling could stress relieve the domes for extended integrity during postclosure.

Tank-fill grout should exhibit resistance to chemical and radiological deterioration to the
maximum practical extent. Chemical deterioration of cement generally is traceable to adverse
reactions between alkalies in cement (Na,O and K,0) and reactive minerals in the aggregate, or to
contact with acids and/or sulfate salts. The pH of tank waste is uniformly alkaline, so acid
degradation is not anticipated. However, sulfate is a prominent tank waste constituent. Sulfate
reaction can be minimized by specifying API Class H or Type V Portland cement, which are low in
alumina, the constituent of cement that reacts with sulfate.

Depending on the results of contaminant fate and transport modeling, a hydraulic
performance requirement may need to be applied to tank-fill materials. However, no limiting
permeability requirement or specification has been assigned at the present time.
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2.2.4  Tank Ventilation

The fill operation will displace vapor from the tank head space and could result in
suspension of particulates. Therefore, a HEPA filtration system will be used to control radiological
emissions. HEPA filter(s) will be connected to one riser and operated in exhaust mode (i.e., head
space pressure will be maintained slightly below ambient atmospheric pressure during the grouting
operation). This function could be performed with the 1,000-ft>/min exhausters currently used in
conjunction with tank farms maintenance operations. This system is essentially the same as the one
proposed for the gravel fill alternative minus the cyclones.

2.3 ALTERNATIVE 3: STABILIZATION OF SSTs WITH GROUT AND UNCRUSHED
AGGREGATE

(Also Termed the "Hybrid" or Pre-Placed Aggregate Concrete Alternative)

2.3.1  Process Description

Tanks will be stabilized by (1) filling the tank volume with coarse, uncrushed aggregate, and
then (2) injecting grout into the void volume within the aggregate to create a stiff, low-permeability
matrix of pre-placed aggregate concrete. Any waste remaining in tanks after retrieval will be
effectively immobilized by the grout. The aggregate used in this alternative will consist of coarse,
uncrushed river gravels (i.e., rounded aggregate). Aggregate will be screened at the borrow site to
eliminate under- and over-size material. Aggregate will not be crushed because angular matetial
tends to achieve greater placement density (i.e., lower void volume and permeability) than material
made up of rounded particles of similar size and shape. Maintaining a large, interconnected void
volume within the aggregate will facilitate complete void filling with grout.

Aggregate fill material will be produced from an existing borrow site (Pit 30) situated
between 200 East and 200 West areas. The aggregate will be screened (and washed as necessary) to
eliminate minus 1/2-in. material (refer to Coarse Aggregate Grading 2 in Table 1 of American
Concrete Institute [ACI] 304.1R [ACI 1992]). The aggregate also will be scalped to remove cobbles
exceeding a specified maximum size (tentatively identified as 3 1/2 in.). The maximum size
ultimately will be determined based on the largest size that can be accommodated by placement
equipment,

A slinger mechanism similar to the one developed for the "gravel fill" alternative may be
used. However, the mechanism tested at Hanford (Gilbert and McBeath 1985) for gravel fill is
limited to applications involving smaller particles (i.e., 3/4 in. minus). With the larger particle size
aggregate identified for this alternative, excessive mechanical abrasion and beit wear are predictable
consequences. Off-the-shelf slinger units that can handle larger particle sizes are too large to be
installed in a 42-in.-diameter riser. Consequently, it is likely that an alternate mechanical concept for
aggregate placement (perhaps one developed for use in conjunction with a Heavy-Duty Utility Arm)
would have to be devised.
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For this alternative, there is no need to achieve a specified fill density or degree of
compaction during placement of the aggregate. For estimating purposes, it is assumed that aggregate
will fill about 55% of the tank void volume (i.e., volume of solids = 0.55; volume of voids
(porosity) = 0.45). Maintaining a low relative density within the aggregate should facilitate
placement of grout pipes.

Grout pipes will be placed vertically into the aggregate fill through existing risers and
supplemental penetrations through the dome drilled as required to achieve a predetermined
spacing/arrangement. The pipes will be steel pipe/tube with sleeve ports located at 10-ft intervals for
injecting grout. The grout pipe design would enable grouting to be performed in lifts if necessary.
Grout pipes will be vibrated into place using resonant sonic drilling equipment. Commercially
available sleeve-port pipe for grouting is polyvinyl chloride (PVC) (Figure 2-6). There is no known
commercial source of steel sleeve-port pipe suitable for emplacement by resonant sonic drilling
equipment; consequently, grout pipes will have to be fabricated. Grout pipe spacing is to be
determined; spacing will be based on flowability of the specified grout formulation. For 100-Series
tanks, a 10-ft radius of influence would require installing 22 grout pipes; a 15-ft radius would require
12 pipes; a 20-ft radius would require placing only six pipes.

The grout formulation is to be determined. Two candidate formulations have been identified
that were developed for other applications. One is the cold-cap grout designed by COE for the Grout
Vault Project at Hanford (see Table 2-1). The other candidate is the "saltstone" grout developed for
disposal of liquid waste residuals from the Savannah River site’s vitrification process. The liquid
waste stream is below regulated levels with respect to radionuclides, but does contain elevated nitrate.
Saltstone grout was formulated to achieve acceptably low leach rates for nitrate and any other
regulated hazardous constituents present.

Grout will be placed through sleeve-port pipes in stages beginning with the ports situated
closest to the bottom of the tank. The lowest port interval will be packed off in each sleeve-port pipe
in the array. Grout will be distributed to all pipes in the array by a manifold arrangement on the
pumpline. The grout will be pumped from the packed-off interval out into the aggregate medium.
Depending on the pumping rate and the properties of the formulation, it may be necessary to emplace
the grout in lifts (of perhaps 5 to 10 ft) to facilitate curing (i.e., to dissipate heat of hydration).

This alternative will be supported by the same type of grout mix plant described for the grout fill
alternative.

As in other alternatives, stabilization of SSTs will require placing about 744,000 yd® (or
about 569,000 m’) of fill material (Table A-1; Kline et al. [1995]). For estimating purposes, it was
assumed that approximately 55% of this quantity would be aggregate and 45% would be grout (by
volumes).

2.3.2  Preparation for Fill Emplacement

With this alternative, uniform placement of coarse aggregate throughout the tank interior is
not essential. Creation of "shadowing” effects by ITH items is not a significant issue because
grouting will tend to minimize the structural consequences of inhomogeneities in void volume within
the aggregate matrix. Large-diameter ITH would not have to be removed to implement this
alternative.
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Figure 2-6. Sleeve-port Grout Pipe.
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The mechanism employed for distributing aggregate within the tanks will require access
through a large-diameter central riser. For estimating purposes, it is assumed that 64 additional
42-in.-diameter risers would have to be constructed in 100-Series SSTs for the hybrid fill alternative
(the same number required for the gravel fill alternative). Tanks that would require these riser
modifications are listed in Appendix C.

As indicated for the grout fill alternative, it would be necessary to prevent grout from
flowing from a tank undergoing closure through an overflow line to an adjacent tank. For estimating
purposes, it is assumed that overflow lines will be exposed and a hydraulic crimping tool would be
used to pinch them shut.

Grout may not be able to enter and fill certain ITH items in conjunction with the overall
tank-fill operation. For these items, separate efforts would be undertaken to inject grout into ITH
items through existing riser penetrations.

2.3.3  Fill Material

Tentatively, the gravel fill material is identified as a uniform-graded, uncrushed aggregate
consisting of particle sizes ranging from 1/2 to 3 1/2 in. Aggregate is to be excavated and screened
at Pit 30. Aggregate will be stockpiled outside and adjacent to the perimeter of the individual tank
farm undergoing closure. The stockpile will be sized to hold sufficient material to completely fill two
100-Series tanks in the farm. The grout formulation is to be determined. For estimating purposes, it
was assumed that the same grout mix design (COE’s cold-cap grout) described under alternative 2
(Section 2.2) would be used.

2.3.4 Tank Ventilation

As with the alternatives described previously, a HEPA filtration system will be used to limit
radiological emissions. During the portion of the operation that involves placing coarse aggregate fill
in the tanks, elevated levels of particulate emissions are expected. The same type of ventilation
scheme proposed for the gravel fill alternative, consisting of HEPA filters with cyclone prefilters,
would be used for this alternative (see Figure 2-3).

2.4 ALTERNATIVE 4: STABILIZATION OF SSTs WITH CONCRETE

2.4.1  Process Description

By this alternative, nominally empty SSTs and DSTs will be filled (stabilized) with a highly
flowable concrete formulation. This fill method is an application of recent developments in civil
construction for placing concrete into formed sections of structures with dense steel reinforcement.

A portable concrete batch plant will be set up outside the tank farm perimeter close enough
to the tanks undergoing closure that concrete can be pumped directly to the tanks. The pumpline will
extend to the central riser of the tank where it will be connected to a 5-in. hard rubber or PVC tremie
pipe suspended in the central riser. The tremie pipe will be positioned so that free fall is limited to
5 ft or less (as recommended by the ACI).

2-16



WHC-SD-WM-ES-399, Rev. 0

The concrete formulation under consideration includes both a super-plasticizer and a
rheological modifier. Superplasticizers sorb onto the surfaces of cement particles and act as
dispersing agents. This action contributes to enhanced flowability and workability and reduced water
content of the cement paste. However, superplasticizers can also induce excessive bleed water
formation and particle segregation. Rheological modifiers, (water-soluble polymers), when added in
small concentrations, can dramatically alter the viscosity of cement paste. A properly proportioned
cement-based system that includes a superplasticizer and a water-soluble polymer provides greatly
enhanced flowability and eliminates the undesirable effects observed when the superplasticizer is used
alone.

As with the grout fill alternative, concrete will be placed in lifts. Because hydration of
cement is an exothermic chemical process, placement in lifts is necessary to control temperatures and
thermal strains within the concrete as it cures. The maximum design thickness of individual lifts is
dependent on the heat of hydration property for a specified concrete mix design. Lift thickness is to
be determined.

As indicated in Table 2-2, the principal dry constituents of high-flow concrete are cement,
fly ash, sand, and coarse aggregate. For planning and estimating purposes, it is assumed that coarse
and fine aggregate materials will be excavated and screened at Pit 30; cement will be transported to
the Hanford Site by rail from Durkee, Oregon; and fly ash will be brought by rail from Centralia,
Washington. Dry materials storage will be required for the cement and fly ash to protect them from
precipitation and wind dispersion.

Depending on the supplier and procurement terms and conditions, bulk storage could either
be onsite or offsite. The largest supplier of cement in the Pacific Northwest, Lafarge, has a bulk
storage terminal in Pasco, Washington. If cement is purchased from Lafarge, storage requirements
could be supported by the Pasco facility with truck delivery of day-use quantities to the Hanford Site
in guppies. Fly ash might also be trucked from Centralia in guppies, as opposed to rail delivery.
Lafarge could also provide cement and fly ash as a pre-mixed material. Dedicated storage for this
product would be available in Pasco. The mixture would not include sand or coarse aggregate. Unit
costs for materials (based on informal vendor quotes) are listed in Table 2-2.

A portable batch plant with a throughput capacity of 150 yd*/hr (115 m*hr) will cost
approximately $415,000. The plant includes computerized batch controls, dust collection system,
silos for cement and fly ash, an aggregate bin, a water heater for cold-weather operation, a 10-yd?
capacity mixer, and a holding hopper. This is essentially the same plant described for the grout
alternative. For this application, the aggregate bin would be reconfigured to store and dispense both
sand and aggregate. A concrete pump capable of delivering 150 yd*/hr through 600 ft of 5-in.
pumpline costs approximately $250,000. The pumpline represents an additional cost of $15,000
(replacement interval - once per 100,000 to 200,000 yd*). Based on information presented in
Table A-1 of Kline et al. (1995), stabilization of SSTs and DSTs would require about 744,000 yd® (or
about 569,000 m®) of concrete to be mixed, pumped, and placed.
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Table 2-2. High-Flowability Concrete Formulation, Initial Mix Design.

Material J_ Proportion Cost
Type II Portland Cement 557 Ib/yd® $55.00/T
ASTM Class F Fly Ash 363 Ib/yd® $48.60/T
Natural Fine Aggregate 1,194 Ib/yd? $8.00/T
(100% passing No. 8 sieve)
Natural Coarse Aggregate 1,472 Ib/yd® $10.00/T
(3/4-in. Nominal Size)
Water 294 1b/yd? N/A
Superplasticizer
(High-Range Water-Reducing 18.5 oz/yd? $5.00/gal
Admixture - DAXADI19)
Rheological Modifier 0.6 Ib/yd? $7.40/1b

(Welan Gum)

2.4.2  Preparation for Fill Emplacement

As for the grout fill alternative described previously, individual 100-Series SSTs will be
prepared for filling with concrete by isolating all piping connections (overflow lines) to/from adjacent
tanks. For estimating purposes, it was assumed that this would be accomplished by excavating to
expose the line midway between tanks and then using a hydraulic crimping tool to crimp it shut.

No riser modifications to tanks are required for this alternative. ITH does not need to be removed.
The properties of high-flow concrete (i.e., low viscosity, low water content, minimal particle
segregation) are well suited to filling tanks with congested ITH that could constitute a significant
implementation issue for some other tank-fill alternatives. This type of concrete will easily surround
and encapsulate any hardware items remaining in SSTs at closure. Grout would be injected into ITH
items through existing riser penetrations.

2.4.3  Fill Material

Performance requirements for high-flow tank-fill concrete can be described in terms of the
same general categories outlined for grout:

(1) Pumping and placement properties: The concrete must be readily pumpable into
tanks through a 5-in. pumpline and tremie pipe. The concrete formulation should
be capable of flowing at least 37.5 ft radially away from the entry point and should
be self-leveling and nonsegregating. Maximum free fall from the tremie pipe will
be limited to 5 ft to deter particle segregation.

(2) Properties of unhardened concrete after placement: The concrete formulation

must not evolve free water between placement and final set. Free water would
have the potential for mobilizing contaminants.
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(3) Properties of hardened concrete: The concrete should develop minimal heat rise
to minimize thermal shrinkage and cracking. Shrinkage should be limited to 0.1%;
no expansion should be permitted. Limits on temperature rise due to heat of
hydration will be specified. Specifications (materials and proportions) for high-
flowability concrete are listed in Table 2-2.

Various measures have been recommended for consideration to limit heat of hydration.
Type II (or IV) Portland cement is recommended for this application because of its low alumina
content. Another approach to limiting heat rise would be to reduce the amount of cement (with a
corresponding increase in fly ash content) in the mix design. The concrete formulation provided in
Table 2-2 should be readily able to achieve 28-day compressive strength values of 3,000 Ib/in.? or
more. Reduced strength (and reduced modulus of elasticity) would be tolerable if a significant
reduction in heat of hydration could be achieved. Lowering the cement content also would tend to
reduce drying shrinkage. Replacing a portion of the cement in the formulation with an active fly ash
also improves the pumping and placement properties of the concrete and may enhance cohesiveness
and strength. The addition of fly ash generally is beneficial in reducing the water demand in the mix
design, which is reflected in reduced "bleeding" during curing. By replacing 20% of the cement in
the formulation with fly ash, heat rise could be reduced by as much as 20°F. Greater heat reduction
is achievable with Class F fly ash compared to Class C.

Another recommendation is to minimize the temperature of the fresh concrete at the batch
plant by adding shaved ice to the mix water at the batch plant. When ice is used, mixing should be
continued until the ice is completely melted. A side benefit of casting concrete at cold temperatures is
that fluidity is improved for a given water content, or that a predetermined consistency can be
achieved at a reduced water content. A plant to produce shaved ice at a rate that is compatible with
the concrete batch plant would cost approximately $350,000. (This cost was not included in the
estimate for this alternative reported in Section 6.0.)

The coarse aggregate in the mix design will be limited to 3/4-in. nominal size to ensure that
the mix will be easy to pump through 5-in. piping. Rounded (rather than crushed) aggregate is
recommended for enhanced workability and reduced water demand. It may be practical to increase
the weight fraction of either the fine or the coarse aggregate in the final mix design over the
proportions listed in Table 2-2.

2.4.4 Tank Ventilation

The concrete fill operation will displace vapor from the tank. Radioactive particulates could
become suspended in the head space during the fill operation. The same type of HEPA filtration
system described for the grout fill alternative (Section 2.2.3) would be used for concrete fill.
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3.0 HYDRAULIC RESPONSE ANALYSIS OF ALTERNATIVE TANK-FILL MATERIALS

The focus of this section is to compare the hydraulic responses of alternative materials being
considered for filling cleaned-out SSTs to prevent tank dome collapse and surface subsidence.
Preexisting tank leaks were considered to be outside the scope of this analysis. The hydraulic as well
as structural performance of the backfill is an important consideration in selecting a preferred
material. Hydraulic response of the backfill affects the ingress and egress of moisture in the tank.
Consequently, it affects the potential for long-term migration of residual contamination from the tank
and surrounding soil.

The migration of contamination is directly related to the public health risk. Contaminant
migration will be analyzed later using transport simulations that include flow results, residual source
terms, adsorption, and dispersion. Public health risk then can be evaluated using slope factors for
carcinogens and hazard quotients for noncarcinogens.

3.1 OBJECTIVE

The objective of the analysis was to determine the effect of the hydraulic properties of
alternative backfill materials on potential movement to the water table of residual contaminants on the
tank’s inner surface. The geometry of the model domain, the mesh used for discretization of the
spatial domain, and values of input parameters are briefly discussed to provide the perspective
essential for understanding the results of the numerical simulations. Details on geometry, mesh, and
input parameters are provided in Collard and Davis (1996).

PORFLOW (Copyrighted by Analytic and Computational Research, Inc.) technical software
(Runchal and Sagar 1992) was used for the simulations. PORFLOW relies on numerical solution of a
matrix of complex mathematical equations and has a lengthy history of application at the Hanford
Site. In addition, PORFLOW has an extensive bibliography of peer reviews, long-term use by the
DOE and industry, and widespread acceptance by regulatory agencies.

Steady-state flow fields were calculated for each backfill material. Analyses were made to
compare the hydraulic performance of alternative backfill materials with respect to a common
baseline. Two measures of hydraulic performance were used: (1) travel time and (2) flux density
(the ratio of the rate of flow through a specified surface area to that surface area). Determinations
were made of travel times on particles of water released from the inner surface of a tank and flux
densities through the base of a tank.

In conjunction with the baseline analyses, sensitivity analyses were used to assess the relative
impacts of changes in input values. Sensitivities of results were analyzed relative to changes in the
hydraulic conductivity of tank shell concrete and the effects of constructing a low-infiltration cover
over a tank.

3.2 INPUT PARAMETERS

Input parameters for the simulations can be grouped into four categories:

. Geometry
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. Material properties
. Boundary conditions
. Initial conditions.

The geometry is depicted by the grid shown in Figure 3-1. The figure identifies the zones
used to represent changes in the hydraulic properties of vadose zone sediments, and shows saturated
hydraulic conductivities (K,) and boundary conditions. Initial conditions were assigned to vadose
zone sediments assuming a unit hydraulic gradient.

3.2.1 Geometry

The tank and the vadose zone were simulated by means of a two-dimensional (2-D) slice
through the center of the tank. This geometry is more conservative than axisymmetric or three-
dimensional (3-D) geometries because the volume within which moisture can move is more
constrained, thus amplifying vertical flow downward to the water table.

In Figure 3-1 the stratigraphic boundaries of the Hanford and Ringold Formation units
between the tank and the water table are shown by the bold, horizontal dashed lines. For purposes of
the simulation, the depicted tank is equivalent in design to a 100-Series tank in the 241-A Tank Farm.
The dimensions and geometry of the tank were faithfully depicted because the tank dome collects and
sheds water from the infiltration of precipitation, creating a region of enhanced recharge around the
circumference of the tank. Likewise, the slope of the dome can be critical in causing moisture either
to be shed or to enter the dome.

The left edge of the model domain (Figure 3-1) represents a location half-way between the
center of a neighboring tank and the center of the simulated tank. The left edge depicts a vertical
plane of symmetry, with tanks on either side. The right edge of the model domain represents the
centerline of the simulated tank and is a plane of symmetry with respect to the other half of the
simulated tank. The bottom of the domain represents the top of the uppermost aquifer beneath the
Hanford Site. The top of the domain depicts the current ground surface.

3.2.2 Boundary Conditions

Conditions assigned to the boundaries of the model domain are shown in Figure 3-1 and are
as follow:

. Top surface: 5 em/yr downward flux
. Sides: zero flux
. Bottom surface: Zero pressure.

The bottom of the domain is the top of the aquifer (i.e., where atmospheric pressure is
present). The pressure at this boundary is taken to be zero. The sides of the model domain represent
planes of symmetry where no flux can cross. The boundary condition at the top of the domain
represents the average rate of recharge to the aquifer by meteoric water. The assigned value of
5 cm/yr is much higher than the natural recharge rate for undisturbed parts of the Hanford Site.

The 5 cm/yr value was assigned to account for the recharge-enhancing effects of the graveled surface
of a tank farm.
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Fayer and Walters (1995) reported deep infiltration values of 5.54 cm/yr for disturbed
surface areas of the Hanford Site. When blowing sand and silt are considered, it is reasonable to
expect that eolian material will fill most gravel interstices over a relatively short time period
(i.e., a few hundred years) compared to the simulation period (typically greater than one thousand
years). If any vegetation appears, the recharge rate will be driven to a value close to zero. Based on
all these factors, an average of 5 cm/yr for the simulation period is considered to be a reasonable
value for comparative modeling purposes.

3.2.3  Initial Conditions

Initial hydraulic conditions for the soil column were first assigned assuming the tank was
replaced by the surrounding fill material. Assuming a unit hydraulic gradient condition and a flux of
5 cm/yr, the matric potential was calculated for each sediment type and used as input for the pressure
equation. A steady-state solution was achieved for this configuration. Subsequently, for each
alternative, the tank was simulated with a concrete shell and the appropriate tank-fill material.

Because concrete and grout would be emplaced wet, the initial hydraulic condition for these
backfill options was expected essentially to be a saturated state; therefore, an initial pressure of zero
was assigned to those materials. The matric potential (suction) for the gravel backfill alternative was
set to a high value relative to that of the other backfill materials. The final suction values (after
steady-state conditions were achieved) were much lower than the initial conditions.

3.2.4  Sensitivity Cases

Sensitivities of simulation results were evaluated for the presence of a low-infiltration cover
over the tank and for changes in hydraulic properties of the concrete forming the tank shell. Cases
were evaluated for tank-shell concrete with conductivity-enhancing fractures, and with relatively high-
and low-hydraulic conductivities through the concrete pores. Two recharge rates were used to
simulate the presence or absence of a low-infiltration cover (0.05 cm/yr and 5.0 cm/yr, respectively).

The more highly conductive condition was used to represent the effects of concrete shell
degradation. Hydraulic conductivity values representing this condition are equivalent to those
measured for concrete after one day of curing (Whiting et al. 1985). The hydraulic conductivity for
fractured concrete was calculated using the formula provided by Piepho (1994) and fracture
dimensions used by Lowe et al. (1993).

Fractures in the tank dome were assumed to be located at the periphery and to have the same
aperture and length as those in the base of the concrete shell (Lowe et al. 1993). The presence of a
low-infiltration cover over the tank was simulated by reducing the flux from the surface to 0.05 cm/yr
(0.5 mm/yr). This value is the performance goal for the barrier placed over the B-57 crib and for a
modified Resource Conservation and Recovery Act of 1976 Subtitle C barrier described by Bechtel
Hanford Inc. (BHI 1996).
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3.2.5 Tank-Fill Alternatives
Four alternative materials for backfilling the tanks were considered:

Gravel

Grout

Concrete

Hybrid (pre-placed aggregate concrete).

In-tank obstructions (e.g., thermocouple trees, air circulators, etc.) were assumed to have no
material effect on the uniformity of backfill emplacement. Hence, they were assumed not to affect
the hydraulic performance of one backfill alternative compared to another. A second assumption was
that the flow-affecting physical properties of the mix formulation (i.e., the porous media portion of
the mix) for the grout backfill and pre-placed aggregate concrete were the same.

Of the four material alternatives, three were simulated for purposes of the baseline analyses.
The hybrid alternative, consisting of pre-placed aggregate followed by filling with grout, was not
simulated. Compared to the grout fill alternative the presence of aggregate reduces the area of porous
material through which flow can occur, so pore velocities increase and travel times decrease.
Consequently, this alternative would be a poorer performer in terms of the travel time of groundwater
than grout with no aggregate. A direct comparison cannot be made between the hybrid alternative
and the concrete alternative because the formulations of cementitious materials in the mixes (and thus
the flow-affecting physical properties) are dissimilar.

3.2.6  Scenarios

Variations of the alternative fill materials, recharge rates reflective of the presence or
absence of a barrier to infiltration, and concrete tank-shell hydraulic conductivities constitute the
10 scenarios that were simulated. The scenarios were selected based on the expected utility of results,
available computer resources, and how rapidly the simulation progressed after the program was
executed. Additional sensitivity analyses will be performed in FY 1997 as part of the HTI.
The scenarios presented in this report are identified in Table 3-1.

Table 3-1. Matrix of Scenarios Analyzed.

Alternative __"_B_ackfilt Alte_rgg_tﬂi_ves

Conditions Gravel Grout Coricrete
High K, tank shell, with cover® X X X
High K, tank shell, without cover X X X
Low K,,, fractured tank shell, with X X
cover
Low K., tank shell, without cover X X

* Baseline analysis
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3.2.7 Program Execution

The program was executed in a transient mode until a steady-state condition was achieved.
(Because of the highly non-linear nature of equations describing flow for unsaturated conditions,
solutions from executing the program in a steady-state mode proved to be highly inaccurate, often
requiring transient time steps of less than 10E-12 yr.) Assumption of steady-state conditions results in
an approximation that ignores the lengthy period during which transient conditions occur. Based on
typical simulation times required to achieve steady-state conditions, the duration of transient
conditions may be several hundred to several thousand years.

The operational history of the tanks was neglected. Consequently, varying levels and
temperatures of liquid in the tank were not depicted. Because the operational duration of the tank was
short relative to the duration of the simulation, neglect of these factors was not judged to be
significant.

For purposes of this engineering study, the presence of the steel tank liner was neglected.
The scenario of a buildup of moisture inside a tank with a liner, followed by a sudden release through
a single opening in the base of the tank was not analyzed because the probability of such an event is
extremely low and it only applies for one of the proposed backfill materials. If the concrete shell has
a normal, relatively low-hydraulic conductivity, then the potential for moisture to enter and
accumulate at the bottom of a filled-in tank would be minimal. The presence of a low-infiltration
cover over a tank would further reduce this potential. In any case, because concrete and grout are
emplaced wet and tend to remain saturated, only the gravel fill alternative might present an instance
in which the subsequent entry of meteoric water after backfill emplacement could lead to a substantial
increase in the level of saturation.

33 RESULTS

Plots for each simulation were made from the pore velocity fields (pore velocity represents
the average linear velocity of fluid moving through a pore), and show derived information, namely
streamlines and time markers, to provide: (1) visual indications that the results were reasonable and
(2) the perspectives needed to understand the results. In addition, key flux densities and travel times
were tabulated to facilitate direct comparison of the tank-fill material alternatives. Results shown by
the figures first are compared in terms of the effects of alternative conditions on each backfill option
(Section 3.3.1). Then, in Section 3.3.2, results are discussed in terms of comparative hydraulic
performance of the backfill options.

3.3.1  Effects of Alternative Conditions

Figures 3-2 through 3-5 are plots showing streamlines and time markers for the gravel
backfill alternative. Figures 3-6 and 3-7 show the same parameters for the grout backfill alternative.
Figures 3-8 through 3-11 show results for concrete backfill.

Streamlines are shown as solid lines. Small circles that appear at intervals on the

streamlines mark the distance a particle of water is calculated to travel upstream or downstream in the
time specified on the figure, up to a time limit of 10,000 yr.
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Figure 3-2. Flow Results for Gravel Backfill, Assuming a High K,,, Concrete Shell and

Low-Infiltration Cover,

3-7



WHC-SD-WM-ES-399, Rev. 0

uopelsbbex3 rejuozyoH oN

o 0z 0
T ﬁ ]
Hooz-
4L HA
Hos1-
Hoou-
J.4 ]
oo
|
B PRI
[ Jos

X9 uopesebbexg _.mEoN_BI

) mocﬂw_o _mEoN:oI sexzs

0
% / -
Q3AVHD HIMOT QHOANVH]
0s}-
7/ (aNVS auoanvH| o &
2
2 @
5 I ———- =)
o 2
e B
g %3
= [
[2AVED H3ddn GHOINVH] =
LN o
o _
I ol
700 05

l8Ys 81810100 Yue) BUINNO SBUI| payseq
Hoino sexrew ewy seek 000°01

(siulod eses|es woyy weesnsumop pue weessdn pusixe seuljweslis)
©]qe) Jelem Jeeu 1JUBLLIPSS VYN -
(a) eseq *(0) llem *(g) youney ‘(y) ewop mjuey jo e6ps episu) -
siulod eseejes ejoiey
lejrew swy jeed g0l @ seuweeng

dVO ON “T13HS J1IHONOD ALAILONANOD-HOIH “Tild TIAVHD

Figure 3-3. Flow Results for Gravel Backfill, Assuming a High K,, Concrete Shell and No Cover.
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Figure 3-4. Flow Results for Gravel Backfill, Assuming a Low K,,, Fractured Concrete Shell and

Low-Infiltration Cover.
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Figure 3-5. Flow Results for Gravel Backfili, Assuming a Low K, Concrete Shell and No Cover.
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Figure 3-6. Flow Results for Grout Backfill, Assuming a High K. Concrete Sheil and

Low-Infiltration Cover.
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Figure 3-7. Flow Results for Grout Backfill, Assuming a High K,,, Concrete Shelt and No Cover.
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Figure 3-8. Flow Results for Concrete Backfill, Assuming a High K,,, Concrete Shell and

Low-Infiltration Cover.
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Figure 3-9. Flow Results for Concrete Backfill, Assuming a High K, Concrete Shell and No Cover.
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Figure 3-10. Flow Results for Concrete Backfill, Assuming a Low K,,, Fractured Concrete Shell and

Low-Infiltration Cover.
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Figure 3-11. Flow Results for Concrete Backfill, Assuming a Low K, Concrete Shell and

No Cover.
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The initial circle on a streamline is the release point. Four release points on the inside edge
of the tank were selected. They are labeled A, B, C, and D on the figures. Other release points
were specified across the width of the model domain in the Ringold Formation near the water table.
The purpose of these points was to help describe the upstream and downstream flow of water outside
the tank.

Horizontal dashed lines that cross the entire model domain depict the boundaries of
hydrogeologic units in the vadose zone. The inner and outer surfaces of the tank are also represented
by dashed lines near the top of the model domain.

Figure 3-2 shows results of the gravel backfill alternative for a high K, concrete tank shell
and a barrier installed above the tank to inhibit the infiltration of meteoric water. The results
indicate, that with the infiltration barrier present, relatively little water reaches the tank; much of the
water that does reach the tank is shed by the tank dome. The runoff water migrates primarily
downward.

The tendency for water shed by the tank to migrate horizontally beneath the tank is less
pronounced than for instances in which no cover is present (Figure 3-3), or for instances in which the
concrete shell, whether fractured or not, has low conductivity (Figures 3-4 and 3-5). This horizontal
migration effect can be attributed to the presence of less soil moisture beneath the tank than at its
edge. The contrast results both from significantly enhanced tank dome runoff when no cover is
present and reduced infiltration through the backfilled tank with a low-conductivity concrete shell.

In Figure 3-2, time markers for streamlines that enter the tank through the dome, and to a
lesser extent through the tank sidewalls are relatively closely spaced, indicating that water which
enters the tank moves relatively slowly through the gravel backfill before exiting through the floor of
the tank. Comparison of the streamlines and time markers for Figures 3-2 through 3-5 suggests that
the largest influence on pore-water velocity is whether a barrier to the infiltration of meteoric water is
present, followed in importance by the relative hydraulic conductivity of the concrete shell.

Figures 3-6 and 3-7 compare alternative conditions for the grout backfill alternative.
Streamlines for both plots indicate that there is relatively little horizontal migration of moisture
beneath the tank; infiltrating meteoric water tends to migrate vertically downward within, as well as
below the tank. Water enters the tank through both the dome and the wall, moves readily through the
grout backfill, and exits through the floor. Comparison of time markers in the two figures indicates
that construction of a barrier to infiltrating meteoric water above the tank has a marked influence on
reducing the rate of moisture migration within a relatively high-conductivity concrete tank shell
backfilled with grout.

Figures 3-8 through 3-11 compare alternative conditions for the concrete backfill alternative.
Figure 3-8 shows streamlines and time markers for concrete backfill in a high K, (i.e., a poor-quality
concrete) concrete shell and no cover. Figure 3-9 shows streamlines and time markers for a concrete
tank shell with a high K, tank shell and no cover. Compared to the flow pattern shown in
Figure 3-8, the streamlines and time markers in Figure 3-9 indicate that water moves faster through
the concrete backfill when no infiltration barrier is present.

Water exiting the base of the tank with a high K, concrete shell migrates vertically
downward, generally resulting in shorter travel times through the sediments than for the same backfill
in a low K, concrete tank shell (Figures 3-10 and 3-11). Imposition of a low K_, condition for the
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concrete shell generally results in a pronounced increase in travel times compared to a high K,
condition, whether or not a barrier to infiltration is present.

Figures 3-10 and 3-11 show that most of the water infiltrating from the surface flows around
the tank. After passing through the soil between the tank and the left boundary of the model domain,
the water is drawn toward the area of lowest soil moisture; hence, it tends to migrate horizontally
beneath the tank.

Water enters the tank through the dome and most of the wall. Water exits mostly through
the base of the tank but, for the high K, concrete shell, a small fraction exits through the wall.
Water exiting the base of the tank with the low K, concrete shell encounters tank runoff water that
drives the exiting water toward the center of the soil column beneath the tank.

3.3.2 Comparative Hydraulic Performance of Tank-Fill Alternatives

This section compares the relative hydraulic performance of alternative backfill materials.
Performance is compared in terms of travel times and flux densities.

3.3.2.1 Travel Times. Figures 3-2 through 3-11 indicate that the alternative backfill materials have
major effects on the behavior of infiltrating meteoric water. Effects of the concrete and grout backfill
alternatives are similar, while the gravel backfill alternative has a very different effect. Simulation
results for some of the scenarios indicate that concrete and grout backfill allow infiltrating water to
move through the tank. In contrast, except for the case with a high K, concrete shell and a low-
infiltration barrier, the gravel backfill repels much infiltrating water and fosters horizontal spreading
of the dome runoff water beneath the tank.

Travel times from four locations on the inside surface of the concrete tank shell were
calculated for steady-state conditions and are given in Table 3-2.

The locations on the inside surface of the tank shell are the same as those discussed in
Section 3.3.1 and are as follows:

(A) Dome: about midway between the centerline of the tank and the wall
(B) Haunch: upper-left corner of the shell

©) Wall: about half-way up the tank wall

(D) Floor: about midway between the center and the perimeter of the tank.

Travel times are strongly dependent on particle release locations. In some instances, the
travel time is shorter for a particle starting from the wall or the haunch than for a particle starting
from the selected release point on the tank base. This apparent nonsequitur occurs because a particle
starting at the wall or the haunch may pass through the tank base at a location close to the perimeter.
The vadose zone material underlying the tank has a higher water content and a higher unsaturated
hydraulic conductivity near the perimeter. Consequently, the travel time through the vadose zone for
a particle entering it near the tank perimeter will be shorter than for a particle entering it near the
tank center. A particle starting at the base near the perimeter of the tank will likely have the shortest
travel time of any particle released inside the tank.
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Table 3-2. Travel Times to the Aquifer (in years).

Release Point
Scenario
Dome (A) Wall (©) Base (D)
Concrete

Low K, concrete shell, no cover > 10,000 >10,000 > 10,000 929
High K,,, concrete shell, no cover 184 178 164 136
High K, concrete shell, cover >10,000 > 10,000 >10,000 8,391
Fractured, low K, concrete shell, > 10,000 >10,000 >10,000 9,462
cover

Gravel
Low K., concrete shell, no cover 2,036 5,322 1,711 1,128
High K, concrete shell, no cover 209 175 174 204
High K,,, concrete shell, cover >10,000 4,995 4,968 4,824
Fractured, low K,,, concrete shell, > 10,000 > 10,000 9,994 >10,000
cover

Grout
High K, concrete shell, no cover 280 173 139 139
High K,,, concrete shell, cover > 10,000 > 10,000 8,536 8,062

Table 3-2 indicates that, for cases where the tank shell is assigned a low K, value, the travel
times typically range from 1,000 to greater than 10,000 years for all materials. When a cover is
simulated the travel times typically range from 5,000 to 10,000 years for all fill materials analyzed.
The case with a high K, tank shell and no cover produced the lowest travel times ranging from about
140 years to 280 years for all fill materials. On the basis of travel times alone, no single backfill
material is consistently superior.

3.3.2.2 Flux Densities. Travel times provide information at a specific point that can indicate when
vadose zone monitoring might be expected to detect contaminants migrating from residual tank waste
and when contamination is likely to initially reach the water table. In contrast, flux densities

(i.e., the flow rate divided by the surface area through which flow occurs) provide a more spatially
and temporally integrated perspective that indicates the total mass of moisture (or contaminant) exiting
the tank in a specified time and area. For this reason, flux densities are much more indicative than
travel times of the concentrations of contaminants that can be anticipated. Flux densities through the
inside edge of the tank floor for the various scenarios are given in Table 3-3. Because the simulations
are 2-D, the flux density has units of length¥/time/length (m*/yr/m).

Flux density results by row in Table 3-3 show that in most cases gravel backfill significantly
reduces the volume of liquid exiting the base of the tank during a specified time period compared to
other fill materials. For a high K, concrete shell, gravel reduces the flux density through the base of
the tank by about half an order of magnitude when no cover is present, and by about 0.5 to
1.5 orders of magnitude when a cover is present.
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Table 3-3. Flux Densities (m*/yr/m).

: Backfill Alternative
e Gravel —T—:_Grout Concrete
High K, concrete shell, cover 1.3E-5 5.2E4 5.5E-4
High K, concrete shell, no cover 1.2E-2 4.9E-2 5.6E-2
Fractured, low K, concrete shell, cover 1.6E-4 2.3E4
Low K, concrete shell, no cover 1.3E-4 2.0E-4

Results by column in Table 3-3 show that the cover reduces flux densities by about two
orders of magnitude for all fill materials. For example, for the case with a high K, shell and
concrete backfill, the flux density is reduced from 6.4E-1 to 6.3E-3. The reduction in flux density is
comparable to the reduction in the recharge rate from 5 cm/yr to 0.05 cm/yr when a cover is
simulated.

34 PLANNED WORK

The hydraulic response analysis is the first major step in determining public health risk.
Contaminant transport analysis will be required to evaluate the public health risk and to develop
design specifications for fill materials based on hydraulic response considerations. Essential
simulation input data include site-specific hydraulic parameters, residual waste source terms (quantity,
concentration, and spatial distribution), radiological and chemical background information, and
experimental data on hydraulic properties for a range of cementitious mix formulations if grout,
concrete, or the hybrid alternative are final candidates.
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4.0 OCCUPATIONAL RADIATION DOSES FROM TANK-FILL ALTERNATIVES

After retrieval of waste from SSTs, it will be necessary to fill the tanks with inert materials
to prevent excessive settlement or subsidence. It may also be necessary to construct surface barriers
over the tank farms to inhibit migration of residual contaminants in the tanks or the surrounding soils.
The four fill alternatives under consideration are: gravel, grout, hybrid (i.e., pre-placed aggregate
concrete), and concrete. The radiation doses that workers would receive from operations to
implement the four alternatives have been estimated (Appendix D). The dose-related activities for
grout and concrete fill operations are the same, so they are treated in Appendix D as one case.

4.1 ASSUMPTIONS

In estimating the occupational doses from fill operations and the construction of tank farm
barriers, the following general assumptions were made:

(1) Doses will be incurred only for work conducted inside the tank farms. That is, it is
assumed that for preparatory work outside the farms, radiation levels are at background.
This assumption is generally valid, although there are a few areas slightly above background
near some of the tank farm fences.

(2) For the gravel fill alternative, ITH such as instrument trees and liquid observation wells
must be removed from the tanks because such hardware will interfere with the uniform
emplacement of gravel.

(3) For the gravel fill and hybrid fill alternatives, 64 SSTs must be equipped with large-
diameter central access risers for gravel emplacement (Krieg et al. 1990).

(4) Four dose rate categories are identified relative to various types of work that will be
performed during tank-fill operations:

. Ambient 200 East Area tank farms: 2.5 mrem/hr, based on the doses
received by health physics technicians conducting radiological surveys
inside the 200 East Area tank farms

. Ambient 200 West Area tank farms: Doses for surveys by health physics
technicians inside the 200 West Area tank farms are normally below the
detection level for personnel dosimeters, so the dose rate was assumed to
be the same as the radiological control area level of 0.05 mrem/hr

. Pit-type work: 7.7 mrem/hr, based on records of worker doses received
from pit-type work listed in the Access Control Entry System (ACES) data
base
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. Excavating pipelines: 5.0 mrem/hr, based on assumed shielding and other
as low as reasonably achievable (ALLARA) protective measures;
the following general assumptions were made:

- That worker exposures incurred from tank-fill operations will come from
surface contamination, contaminated piping, contaminated pump pits,
contaminated soil, and contaminated ancillary equipment, rather than from
tank waste residuals. This assumption is made because at least 99% of tank
waste will be retrieved prior to closure and because most of the current tank
farm worker dose is from these sources. If extensive decontamination of
pump pits or other facilities in tank farms is accomplished prior to closure,
then doses incurred during closure operations could be lower than the rates
assumed for this estimate.

- That three persons will be exposed during pit-type work (e.g., riser
installation and removal of ITH). It is assumed that two persons will be
exposed during other identified closure tasks. These numbers do not reflect
the number of people involved in a given task, but are estimates of the
average number of individuals (i.e., full-time equivalents) exposed to the dose
rate for a specified category.

Other assumptions, such as gravel and grout fill rates, barrier construction times, incidental
grout fill volumes, etc., are included as notes in Appendix D.

4.2 RESULTS

From Appendix D, the estimated cumulative occupational radiation doses (person/rem) for
the four fill alternatives are:

. Gravel fill: 1,320 person/rem
. Hybrid fill: 569 person/rem
. Grout and concrete fill: 119 person/rem.

Surface barrier construction contributes less than 10 person/rem to the cumulative dose
totals.

The gravel fill alternative results in the largest cumulative dose because: (1) new risers must
be installed for gravel slinging equipment, resulting in a significant dose increment, and (2) ITH that
could interfere with the distribution of gravel must be removed, which is another significant dose
source. For the hybrid fill (pre-placed aggregate concrete) alternative, new risers must be installed
but it is unnecessary to remove ITH. Therefore, the cumulative dose is less for hybrid fill than
gravel fill. The cumulative dose is least for grout and concrete fill because no new risers are needed
to pump grout into the tanks and because ITH can remain in place in the tanks (i.e., grout and
concrete can flow around such equipment).
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Cumulative doses will be spread out over the number of years required to complete tank
farm closure. The timeframe for closing tank farms is currently not well defined. However,
assuming it takes 10 years to complete filling tanks and construction of surface barriers, then the
annual cumulative occupational doses for the four alternatives would be:

. Gravel fill: 132 person/rem/yr
U Hybrid fill: 57 person/rem/yr
. Grout and concrete fill: 12 person/rem/yr.

To put these cumulative dose rates into perspective: The total cumulative occupational dose
from all Hanford operations in calendar year 1990 was 353 person/rem (DOE 1993). This value is
typical of the annual cumulative dose at Hanford during the last few years.
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5.0 REVIEW OF GEOTECHNICAL DESIGN PARAMETERS FOR SST

Structural performance of the various tank-fill alternatives is a key criterion in distinguishing
a preferred alternative. Structural performance will be evaluated by numerical modeling methods and
is scheduled as a multi-year task. The purpose of structural modeling is to determine how well the
tank domes and footings are supported by the various types of fill when the weight of the engineered
surface barrier is applied to the tank system. The fill must exhibit adequate rigidity to eliminate the
potential for surface subsidence and minimize differential settlement of the surface barrier. Work
performed to date consists of (1) a scoping study to identify the numbers and types of numerical
models needed to evaluate the alternatives at the appropriate scale and level of detail, and (2) a
literature search to characterize structural and geotechnical parameters (i.e., loading conditions and
material properties) as inputs to the modeling effort. The scoping study is included as Appendix A of
this report. A summary of the literature review is provided in this section.

SST design documentation was reviewed for information applicable to structural modeling of
tank-fill alternatives for closure. Structural modeling is a separate activity that is scheduled to be
performed during FY 1997. During the review, an effort was made to trace criteria and design
changes relating to all imposed loads on the tanks. Geotechnical design parameters relate to the
externally imposed soil reactions, namely the footing reaction and lateral earth pressure on the tank
cylinder. Other load sources are structural; i.e., the weight of the tank itself including dome-
suspended hardware, the weight of the waste (which is a function of specific gravity and the
maximum height of waste stored in the tank), and the head space pressure (generally close to ambient
atmospheric pressure, but subject to both positive and negative transients). External loads that would
be considered structural are the dead and live loads on the dome, consisting of the weight of the cover
soil and the allowable load for mobile service equipment.

To provide a historical perspective on tank design issues, SST documentation is reviewed in
chronological order. Loading criteria for the various SST farms are summarized in Tables 5-1 to
S-10.

5.1 SEQUENCE OF SST DESIGN AND CONSTRUCTION

The 241-B, -C, -T, and -U tank farms were constructed between 1943 and 1944. A single
set of drawings and specifications was prepared for the four tank farms. Layouts and configurations
of the tank farms were essentially identical. These "first generation" tank farms each contained
12 100-Series tanks and four 200-Series tanks. The 100-Series tanks were 75 ft in diameter, with a
533,000-gal capacity, and a liner height of 18 ft (204 in.). The 100-Series tanks in the first-
generation tank farms were designed with a 12-in. dished bottom and a radiused corner joining the
base slab to the cylinder. These tanks were not equipped with a central riser. First-generation tank
farms were designed for nonboiling waste from the bismuth phosphate process with a maximum
temperature of 220°F. The 100-Series tanks were connected by cascade (overflow) lines in groups of
three. The overflow lines were designed to transfer liquid at a height of approximately 191.5 in.
above the liner bottom. The 200-Series tanks were provided to function as receiver tanks for the
100-Series cascade lines. They were 20 ft in diameter and had a 55,000-gal capacity.

The 241-BX Tank Farm was constructed between 1946 and 1947 (the first tank farm to be

constructed in the post-war period) and consisted of 12 100-Series tanks of the same size and capacity
as the tank farms constructed previously. The 241-BX Tank Farm was also a "first generation”
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design. However, the layout was modified from older tank farms to the extent that the 200-Series
tanks were deleted. Operating experience with the bismuth phosphate process and the original tank
farms had established that receiver tanks (i.e., 200-Series tanks) were not essential,

The 241-TX Tank Farm was constructed between 1947 and 1948 as Project C-163.
The 241-TX Tank Farm contains 18 100-Series tanks of the "second-generation" design. The 241-TX
tanks are 75 ft in diameter, with a 12-in. dished bottom and radiused corners, as in the previous
design, but capacity was enlarged to 758,000 gal by extending the liner height to 26 ft (312 in.);
nominal operating depth was approximately 24 ft (288 in.). Another change in the second-generation
design was the reconfiguration of riser penetrations for improved access, including a large-diameter
central riser. The 241-TX Tank Farm contains a mixture of three- and four-tank cascades. Overflow
elevation is approximately 284 in. above the tank bottom. Like the older tank farms, 241-TX tanks
were designed for nonboiling waste with a maximum temperature of 220°F.

The 241-BY Tank Farm was constructed as Project C-271 between 1948 and 1949.
The 241-S Tank Farm was constructed as Project C-187D between 1950 and 1951. Both tank farms
consist of 12 100-Series tanks of the "second-generation” design. Tanks in 241-BY and 241-S tank
farms are arranged in four cascade lines of three tanks each. Both tank farms were designed to store
nonboiling waste. However, soon after the 241-S Tank Farm was placed in service in 1951, it began
to receive self-boiling waste from the reduction oxidation (REDOX) process. The 241-TY Tank
Farm, which was constructed between 1951 and 1952, was the last tank farm to be built to the
second-generation design. The 241-TY Tank Farm consists of six tanks arranged in three cascade
lines of two tanks.

The 241-SX Tank Farm was the "third-generation” SST design. The 241-SX Tank Farm
was constructed between 1953 and 1954 and consists of 15 tanks arranged in five cascade lines of
three tanks. The 241-SX tanks were designed to cascade at a level of approximately 373 in.

This was the first Hanford Site tank farm specifically designed for self-boiling waste. Third-
generation tanks have a diameter of 75 ft, a capacity of 1 million gallons (Mgal), a 12-in. dished
bottom, and a 30-ft nominal operating depth (32-ft [384-in.] liner height). The 241-SX tanks were
designed to cascade at a level of approximately 373 in. above the tank bottom. The radiused corner
treatment used in earlier designs to join the dish and cylinder was eliminated. The 241-SX tanks
were designed for REDOX wastes with temperatures to 250°F and a boiling period of 1 to 5 years.
The 241-SX tanks were constructed without air lift circulators (ALC). However, ALCs were installed
in several 241-SX tanks on an experimental basis to limit thermal gradients in tank waste.

The 241-A Tank Farm was constructed between 1954 and 1955 to a design that is identified
as the "fourth generation." The 241-A tanks have the same diameter, nominal capacity, and operating
depth as tanks in the 241-SX Tank Farm. The 241-A tanks are designed to overflow at a liquid level
of 371 in. The principal feature that distinguished the fourth-generation design was the elimination of
the dished bottom; 241-A tanks have flat bottoms. The 241-A Tank Farm was designed to store self-
boiling (self-concentrating) wastes from the plutonium-uranium extraction (PUREX) process with a
maximum temperature of 250°F and a self-boiling period of 5 to 10 years. The 241-A tanks were the
first to be constructed with ALCs installed. The 241-A Tank Farm consists of six tanks arranged in
two cascade lines of three tanks. There also was a cascade connection between the last tanks in the
two lines. Overflow connections were seldom (if ever) utilized during operation of this tank farm.

The 241-AX Tank Farm was the last SST farm to be built at the Hanford Site. The 241-AX

Tank Farm was constructed between 1963 and 1964 and consists of four tanks without cascade
connections. Diameter, capacity, and operating depth are the same as 241-A and 241-SX tanks.
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The 241-AX tanks also have flat bottoms. However, the design treatment for joining the base slab
and the cylinder was modified somewhat from the 241-A Tank Farm design. The 241-AX tanks were
not equipped with a large-diameter central riser. A unique feature of 241-AX tanks is the provision
of drain slots in the concrete base slab. The principal purpose of this feature was to drain bleed water
from the concrete shell to prevent water from flashing to steam between the concrete and steel liner
that could potentially distort or rupture the liner. The drain slots also provided a leak detection
capability that none of the older tank farms had. This feature was carried over into the design of
DSTs. The 241-AX tanks also were equipped with a closely-spaced arrangement of replaceable ALCs
(22 per tank) compared to tanks in the 241-A and 241-SX tank farms (four per tank typical).

According to Stivers (1960), PUREX wastes going to 241-AX tanks were much more
concentrated than any previous wastes. Heat evolution from the "hottest” tank wastes in 1945 was
less than 1 British thermal unit (BTU)/hr/gal. Process improvements resulted in mildly boiling
solutions from the REDOX process with heat source values in the range of 2 to 3 BTU/hr/gal.

By the time 241-AX Tank Farm was constructed, waste streams from the PUREX process had been
concentrated to the extent that heat generation rates were between 10 and 15 BTU/hr/gal. Revised
operating specifications were issued for the 241-A and 241-AX tank farms about the same time the
241-AX Tank Farm was placed in service (General Electric Hanford Atomic Products Operation
[HAPO] 1965).

5.2 GEOTECHNICAL DESIGN CRITERIA

Design requirements for the original SST farms (241-B, -C, -T, and -U) were developed by
E. I. du Pont de Nemours (du Pont). The four tank farms were essentially identical. Each tank farm
included 12 100-Series tanks with 533,000-gal capacities and four 200-Series with 55,000-gal
capacities. Structural and geotechnical design requirements for the 100-Series tanks are documented
in Construction Specification HW-1946 (du Pont 1943a). The corresponding specification for
200-Series tanks is HW-1961 (du Pont 1943b).

For the 100-Series tanks, a bearing capacity of 8,000 Ib/ft* was required for the foundation
soils. Liner height was 18 ft and design liquid specific gravity was 1.25. These values equate to a
maximum hydrostatic pressure on the base slab of roughly 10 Ib/in.2 or 0.7 T/ft* for a tank filled to
capacity absent any accumulation of solids. A surcharge load corresponding to 9 ft of cover soil was
specified. According to other sources, the existing cover may be somewhat less (between 7 and 8 ft).
At a bulk density of 120 Ib/ft, this condition corresponds to a distributed load of approximately
6.25 1b/in.2 or approximately 0.5 T/ft® on the tank domes and an additional load on the footings of
approximately 2,000 T. Lateral earth pressure on the tank cylinder was not evaluated in the design.
The specification did not designate a design live load condition. However, according to Julyk (1994),
an operational live load limit of 17 T is identified in notes on construction drawings. The 241-BX
Tank Farm was built to essentially the same specifications. The only change in requirements for the
241-BX Tank Farm from the HW-1946 criteria (du Pont 1943a) was the inclusion of the 17-T
operational live load specification. Loading criteria for these tanks are summarized in Tables 5-1 and
5-3.

Bearing capacity, specific gravity, and earth fill properties for the 200-Series tanks were as
specified for the larger tanks. Design maximum liquid level was 24 ft. The 200-Series tanks were
designed to support 11 ft of cover soil. Criteria for the 200-Series tanks are summarized in
Table 5-2.
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Construction specifications for SSTs of the second-, third-, and fourth-generation designs
(i.e., 241-TX, -BY, -S, -TY, -SX, -A and -AX tank farms) were located and reviewed. These
specifications were prepared by HAPO and do not identify structural or geotechnical design
requirements. To reconstruct this information, it is necessary to refer to tank farm engineering
reports issued during the period of design and construction. Criteria for the tank farms that were
constructed as HAPO projects are listed in Tables 5-4 through 5-10.

About the same time that construction was completed on 241-A Tank Farm, a thorough
review of SST designs was completed regarding the suitability of SSTs for storing liquid wastes being
produced at that time (Smith 1955). This report identified several structural integrity concerns for
SSTs. The basis for the concerns was that the properties of tank waste had changed greatly over time
reflecting process changes and improvements. Whereas the original tank waste streams had been
nonboiling liquids with relatively low-specific gravities (nominally 1.2 or 1.25) and more-or-less
constant atmospheric head space pressure, wastes being produced by the mid-1950’s were self-boiling,
self-concentrating wastes with significantly higher specific gravities, temperatures, and vapor pressure
transients. The following revised operating parameters were proposed:

Maximum Specific Simultaneous Vapor
Tank Farm (241-) Gravity Pressure (1b/in.?)
B,C, T, U, BX 1.9 2.5
TX, BY, S, TY 1.2 1.8
SX 1.5 4.8
A 2.2 6.9

For specific gravities less than the values listed above, increases in vapor pressure could be tolerated
up to a limit of 10 Ib/in.? (gauge). At higher pressures, Smith (1955) indicated that tensile fracturing
could occur around the edge of the tank domes due to the limited amount of steel reinforcement in the
haunch. Smith (1955) also summarizes the rationale for neglecting consideration of lateral earth
pressure on the tank cylinder in SST designs.

While the SST farms were in active operation, and particularly after the REDOX and
PUREX processes began to produce self-boiling waste, frequent vapor pressure excursions (termed
"bumps"”) occurred in tanks that had not been envisioned in designing the older tanks. As described
by Tomlinson (1955), a typical bump consisted of five to 25 abrupt pressure surges of up to
1.8 Ib/in.%, wherein up to 4 million BTU of steam was released. When the 241-SX tanks were placed
in service to receive REDOX waste, Merrill (1954) indicated that a peak vapor-evolution rate in the
range of 5,000 to 7,000 Ib/hr was expected as each tank reached capacity. This rate was 20 to
40 times greater than vapor headers and condensers on the older tanks (designed for nonboiling waste)
could accommodate. The 241-SX tanks were the first to be equipped with ALCs to minimize thermal
gradients in tank waste.

Isolated incidents also occurred involving liner instability (i.e., sudden upward buckling of
the bottom of the steel liner). Tank 241-SX-113 was the first tank where such an event was
recognized and evaluated (Brownell 1958). The 241-SX tanks have dished bottoms. However, a
departure from previous designs was that 241-SX tanks were constructed without a radiused transition
where the dish (i.e., the tank bottom) was joined to the cylinder (i.e., the sidewall). In addition,
mastic and gunite materials, which had been used to seat the radiused joint on the older tanks, were
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eliminated beginning with the 241-SX tank design. Both design changes had the effect of restraining
thermal expansion of the steel bottom against the concrete shell when tanks received hot waste.
Additionally, when investigating the 241-SX-113 Tank incident it was determined that residual
moisture in the 2-in. grout layer between the liner bottom and the base slab had flashed to steam
under conditions of elevated waste temperatures and reduced hydrostatic head (i.e., the liquid level in
the tank was not sufficient to prevent moisture trapped under the liner from reaching vaporization
pressure). In response to bumps and the liner buckling event in Tank 241-SX-113 (which occurred in
June 1958), SST operating parameters were redefined several times during the 1950’s (e.g., Smith
1955; Tomlinson 1955; Doud and Stivers 1959).

The most prominent SST liner instability event occurred in January 1965 in
Tank 241-A-105. In that case, liner instability was accompanied by a violent steam release.
The ground in the vicinity of Tank 241-A-105 shook during the event. The vapor pressure excursion
in the tank was sufficient to dislodge a riser cover on an adjacent tank, permitting steam from that
tank to vent to the atmosphere, and to eject minor amounts of supernate onto the ground surface
through piping connections that were not isolated by vapor seals. Inspection afterward revealed that
the liner in the floor of Tank 241-A-105 was bulged upward to a height of 8.5 ft at one point creating
a void of approximately 80,000 gal between the liner and the base slab. Unlike the earlier incident
involving Tank 241-SX-113, the liner in Tank 241-A-105 had been ruptured and permanently
deformed. This event also differed from previous incidents in that Tank 241-A-105 had been
constructed with ALCs and they were operating normally at the time (Beard et al. 1967).
Tank 241-A-105 continued to experience wide liquid-level fluctuations and periodic steam releases
(bumps) for some time. Remedial actions were undertaken beginning in late 1965 to decant the
supernate and remove the sludge by sluicing. These efforts were complicated by a variety of factors
(e.g., the high heat generation rate of the sludge, increasing leakage from the tank during waste
retrieval, and uncertainties concerning the quantity and composition of the waste that had moved into
the void below the liner). Plans for stabilizing Tank 241-A-105 were still being promulgated almost
10 years after the liner instability event occurred (Metz 1974).

Photographs taken in Tank 241-BY-110 during routine surveillance in 1969 indicated that
mastic originally placed between the tank liner and the concrete shell had flowed into the tank through
holes in the liner (Godfrey 1969). After the phenomenon was identified and interpreted initially,
photographs from other tanks were reexamined and similar conditions were found in other tanks in
the 241-BY Tank Farm and a few tanks in the 241-TX Tank Farm. The holes generally were
elongated horizontally and typically were located at elevations corresponding to liquid surface levels
that had been maintained static for long periods. The hole sites were not associated with welds.

The holes were eventually attributed to pitting corrosion of the liner at the liquid-air interface in cool,
unagitated tanks. Mastic was not used in construction of the third- and fourth-generation SST farms
(241-8X, -A, and -AX) and, therefore, was not a diagnostic aid for locating pitting corrosion sites in
those tanks. Operating levels were reduced in several first- and second-generation tanks in response
to this finding.

Elastic, thin-wall, isotropic stress analyses of SSTs subjected to active and reactive soil loads
were evaluated by Milbradt (1969). This analysis was the first of several structural analyses to
identify that vertical tensile fractures could have been created in concrete at the juncture of the tank
cylinder and the footing as a result of thermal loading.

Comprehensive reassessments of the structural integrity of SSTs were undertaken in the mid-

to late-1970’s.  Vollert (1979) reported results of ongoing material testing by the Portland Cement
Association and structural analyses for 241-AX and 241-U tanks. Vollert (1979) and Ramble (1983)
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evaluated structural sensitivity of SSTs to soil backfill loads, equipment (i.e., live) loads, hydrostatic
loads, and elevated temperatures. Working stresses in tank shells also were compared to predicted
stress increases in response to a "safe shutdown earthquake" (characterized by peak particle
accelerations of 0.25 g). Loading conditions were compared to acceptable loads cited in national
design codes and standards as opposed to failure loads. For 100-Series tanks, soil overburden and
thermal loading conditions were determined to be the factors with the largest effect on strength. Live
loads and hydrostatic loads were shown to have relatively minor effects on tank integrity. Much of
the analysis was done by numerical modeling.

An assessment of tank foundations is included in Appendix D of Ramble (1983).
The footing evaluation compared working loads to allowable loads, rather than to loads that would
induce actual bearing failures in soil. Since publication, Ramble (1983) has been the principal
reference basis for structurally-related tank farm operating limits. Ramble indicated that little of the
original SST design criteria documentation could be located at the time his report was prepared.

More recently, the structural integrity of Tank 241-C-106 was evaluated for Project W-320
by numerical modeling methods (Julyk 1994). The primary analytical tool used in that study was the
ABAQUS code. Both the reinforced concrete tank and the surrounding soil were represented in the
modeling. The soil constitutive relationship selected for the analysis was the Drucker-Prager perfectly
plastic model. The results of the analysis indicated that local soil stresses around the haunch and the
footing were considerably higher than the free field stresses. Soil stresses beneath the footings did
not exceed 8,000 Ib/ft? in any of the simulations, but did approach that value when ACI load factors
were applied (Julyk 1994, p. 8-35). Julyk (1994) includes a historical summary of design
documentation for Hanford Site SSTs, with emphasis on Tank 241-C-106.

5.3 MECHANICAL PROPERTIES OF SOIL

During preparation for construction of chemical processing facilities, extensive testing
(including borings, test pits, plate bearing tests, and test poles) was performed to evaluate soil types
and foundation conditions (du Pont 1945). The borings in the 200 Areas penetrated "sand and gravel
with some interbedded silt and clay layers," all of which were reported to exhibit excellent bearing
capacity. For all 200 Area chemical processing buildings and large service structures, du Pont’s
Engineering Division required a minimum bearing capacity of 8,000 1b/ft with no more than 5/16 in.
of settlement. Plate bearing tests were performed at the sites of all major structures, including the
four original tank farms. Test plates were 12 in. square, loads were applied to undisturbed soil
exposed in shallow excavations at depths of 4 to 5 ft, and loads were increased typically in 1,000-1b
increments at 24-hr intervals. A total of 72 plate bearing tests were performed for construction of the
original 200 Area plant buildings. Of that number, 34 were performed in the 200 East Area and 28
were performed in the 200 West Area. The remaining 10 tests were performed in the 200 North
Area. Bearing capacities were determined to be adequate at all of the original tank farm sites.

Du Pont (1945) included abbreviated logs of several borings made during initial site characterization,
but did not include any plate bearing results. Some of the du Pont plate bearing test data were
included in a subsequent HAPO document (Udine 1956). Udine (1956) includes plate test results
from the following sites: 221-C Building (4), 202-A (2), 221-U (1), and 222-S Laboratory (1).
Construction of 202-A and 222-S were HAPO projects.

Based on existing documentation, it appears there were no foundation investigations for any

of the SST farms constructed after World War II. However, investigations were made for some DST
farms (e.g., 241-SY Tank Farm; Shannon and Wilson 1974). For the 241-SY Tank Farm, an
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allowable bearing capacity of 5 T/ft* was recommended by the foundation engineer (based on an
assumed soil modulus of 10,000 Ib/in.?), with an allowable settlement on the foundation ring of

1.0 in. With the tank fully loaded, expected settlements at the center of the slab and on the ring were
2.0 and 2.2 in., respectively. Recommended design values for at rest lateral earth pressure
coefficient and backfill unit weight were 0.4 and 115 Ib/ft®, respectively. Shannon and Wilson (1974)
included penetration resistance data from one boring.

In the early tank designs, neglecting lateral earth pressure on the tank cylinder was
considered to be a conservative design approach, insofar as the at-rest earth pressure outside the tank
would tend to counteract the internal hydrostatic pressure. However, after the potential was
recognized for significant thermal expansion of the lower portion of the cylinder to occur in tanks
containing self-boiling waste, efforts were undertaken to evaluate active and passive earth pressure
effects. To support these efforts, Vey and Nelson (1967) developed estimates of various soil
properties from borings in the vicinity of tanks 241-A-106, -SX-105, and -SX-110. Initial tangent
modulus values of between 30,000 and 40,000 Ib/in.? were measured below the foundation ring at
Tank 241-SX-105. Blow counts in the range of 40 to 125 were obtained. Counts above 50 are
indicative of very dense sand. It was inferred from the blow count data that ultimate bearing
capacities for the tanks investigated could be as high as 27 to 39 T/ft>. As a consequence of lateral
deformation of the soil around the tanks caused by thermal cycling, Vey and Nelson (1967) concluded
that strain recovery would be minimal and the lateral earth pressure condition in situ would be best
approximated by the active pressure (i.e., 0.25 to 0.3 of the overburden pressure). The authors also
noted that the presence of adjacent tanks would induce asymmetrical soil strains during thermal
cycling that could induce asymmetrical residual soil stresses.

Bulk density information for tank farm soils has been summarized by Pianka (1994).
The most reliable information is from DST farms. During construction of DSTs, backfill was placed
to specifications calling for compaction to 85% to 95% of maximum density as determined by ASTM
standard methods (Method B; ASTM 1989). For several DST construction projects, quality assurance
records of in-place density measurements taken during construction still exist. There is little (if any)
comparable information for SSTs. Near-surface soils are coarser in texture and maximum dry density
values tend to be higher in the 200 East Area compared to the 200 West Area. Typical dry density
values for the 200 West Area are in the range of 112 to 115 Ib/ft’. Comparable values for the
200 East Area range from about 120 to 122 Ib/ft>.

5.4 CONCLUSIONS

The principal purpose of this review was to locate and evaluate sources of geotechnical data
that can be applied in the future to model the structural performance of tank-fill alternatives for
closure. Structural issues also were reviewed to gain a complete perspective of static loading
conditions on tanks. Comprehensive assessments of structural issues are provided elsewhere
(e.g., Ramble 1983; Julyk 1994).

An extended effort was made to locate all SST site investigation data and design criteria.
However, many of the original records containing geotechnical test data and design criteria for SSTs
no longer exist or are not in retrievable form. Extensive geotechnical site evaluations were conducted
by du Pont in support of plant construction during and immediately after World War II. However,
the information was never summarized by du Pont and only a limited amount of the data was ever
published (Udine 1956). As of the mid-1950°s, the majority of the original site investigation data had
essentially been lost.
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Historical documents indicate that there were a variety of significant concerns relating to the
structural integrity of SSTs. Most concerns related to safe storage of self-boiling wastes from the
REDOX and PUREX processes. There was a continuous evolution in tank designs and tank farm
configuration during the 1950’s and 1960’s in an effort to address various performance issues.
However, there is no indication of any tank integrity issues related to soil mechanics or foundation
performance. The original site investigations had indicated that soil in the 200 Areas was exceedingly
competent as foundation materials. Consequently, du Pont engineers were able to impose a high
degree of conservatism on the design of foundations for tanks and other facilities by specifying a
bearing capacity value of 4 T/ft* with a limit on settlement of 5/16 in., and in neglecting lateral earth
pressure on the tank cylinder.

Structural investigations (Ramble 1983; Julyk 1994) have shown that the integrity of tanks in
their current configuration is sensitive to the thickness of cover soil. Overburden loading affects tank
dome integrity as well as the loading condition on the footings. These investigations also have
determined that structural performance and tank integrity are relatively insensitive to lateral earth
pressure conditions.

This discussion provides a focus for structural analysis of tank-fill alternatives. Depending
on the soil constitutive model(s) selected for the analysis, some additional effort may be required to
identify appropriate values for specific input parameters. Geotechnical information from other major
construction projects in the 200 Areas will be used if available. Giller (1992) and Shannon and
Wilson (1995a and 1995b) contain summaries of relevant data from recent 200 Area investigations.
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Table 5-1. Geotechnical Design Criteria for SSTs, 100-Series Tanks 241-B, -C, -T,
and -U Tank Farms.

Constructed 1943-1944

Bearing Capacity for Tank Footings 8,000 1b/ft* (6)
Lateral Earth Pressure on Cylinder None specified (6)
Design Specific Gravity of Contents
-Liquid 1.25 (6); Rev. to 1.9 (5,23)
-Sludge None specified (6)
Maximum Liquid Level
-Liner Height 216 in. (3)
-Operating (Overflow) Limit 191.5 in. (3)
Design Head Space Pressure Limits None specified (6)
-Vapor Pressure 10 1b/in.? gauge (5)
2.5 1b/in.? gauge (23)
-Vacuum None specified (5,6,23)
Operational Soil Cover (Surcharge) 9.0 ft (6)
7.25 ft (3)
Design Live Load None specified (6)
34,000 Ib Conc. Load (14)
Operating Live Load 200,000 Ib (30)
Fill Properties
-Friction Angle 26° (6)
-Bulk Density 100 Ib/fe* (6)

Numbers in parentheses correspond to numbered references provided in Section 5.5.




WHC-SD-WM-ES-399, Rev. 0

Table 5-2. Geotechnical Design Criteria for SSTs, 200-Series Tanks 241-B, -C, -T,
and -U Tank Farms.

Constructed 1943-1944

Bearing Capacity for Tank Footings 8,000 1b/ft? (7)
Lateral Earth Pressure on Cylinder None specified (7)
Design Specific Gravity of Contents
-Liquid 1.25(7)
-Sludge None specified (7)
Maximum Liquid Level
-Liner Height 300 in. (3)
-Operating (Overflow) Limit 295 in. (3)
Design Head Space Pressure Limits None specified (7)
-Vapor Pressure
-Vacuum
Operational Soil Cover (Surcharge) 11.0 ft (7)
11.43 ft (3)
Design Live Load None specified (7)
Operating Live Load 100,000 1b (30)
Fill Properties
-Friction Angle 26° (7)
-Bulk Density 100 1b/f3 (7)

Numbers in parentheses correspond to numbered references provided in Section 5.5.
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Table 5-3. Geotechnical Design Criteria for 241-BX Tank Farm SSTs.

Constructed 1946-1947

Bearing Capacity for Tank Footings

8,000 Ib/ft* (9)

Lateral Earth Pressure on Cylinder

None specified (9)

Design Specific Gravity of Contents
-Liquid

-Sludge

1.25 (9)
1.9 (5,23)
None specified (9)

Maximum Liquid Level
-Liner Height
-Operating (Overflow) Limit

216 in. (3)
191.5 in. (3)

Design Head Space Pressure Limits
-Vapor Pressure

-Vacuum

Atmospheric (9)
10 Ib/in.? gauge (5)
2.5 Ib/in.? gauge (23)
None specified (5,9,23)

Operational Soil Cover (Surcharge)

9.0 ft (9)
7.25 ft (3)

Design Live Load
Operating Live Load

34,000 Ib Conc. Load (9)
200,000 Ib (30)

Fill Properties
-Friction Angle
-Bulk Density

26° (9)
100 Ib/fi® (9)

Numbers in parentheses correspond to numbered references provided in Section 5.5.




WHC-SD-WM-ES-399, Rev. 0

Table 5-4. Geotechnical Design Criteria for 241-TX Tank Farm SSTs.

Constructed 1947-1948

Bearing Capacity for Tank Footings

Unknown

Lateral Earth Pressure on Cylinder

Not specified

Design Specific Gravity of Contents
-Liquid
-Sludge

1.2 revised to 1.9 (5,23)
Not specified

Maximum Liquid Level
-Liner Height
-Operating (Overflow) Limit

312 in. (3)
283 in. (3)

Design Head Space Pressure Limits
-Vapor Pressure

-Vacuum

10 1b/in.? gauge (5)
1.8 Ib/in.? gauge (23)
2.1 Ib/in.? gauge (10)

0.22 Ib/in.? gauge (10)

Operational Soil Cover (Surcharge)

Approx. 8 ft (3)
9.5 ft max (10)

Design Live Load
Operating Live Load

92,000 Ib less fixed equipment (10)
200,000 Ib (30)

Fill Properties
-Friction Angle
-Bulk Density

None specified (18)

Numbers in parentheses correspond to numbered references provided in Section 5.5.
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Table 5-5. Geotechnical Design Criteria for 241-BY Tank Farm SSTs.

Constructed 1948-1949

Bearing Capacity for Tank Footings

Unknown

Lateral Earth Pressure on Cylinder

Not specified

Design Specific Gravity of Contents
-Liquid
-Sludge

1.2 revised to 1.9 (5,23)
Not specified

Maximum Liquid Level
-Liner Height
-Operating (Overflow) Limit

324 in. (3)
284 in. (3)

Design Head Space Pressure Limits
-Vapor Pressure

-Vacuum

10 Ib/in.? gauge (5)
1.8 Ib/in.? gauge (23)
2.1 Ib/in.? gauge (10)

0.22 Ib/in.? gauge (10)

Operational Soil Cover (Surcharge)

Approx. 8 ft (3)
9.5 ft max (10)

Design Live Load
Operating Live Load

92,000 Ib less fixed equipment (10)
200,000 1b (30)

Fill Properties
-Friction Angle
-Bulk Density

None specified (18)

Numbers in parentheses correspond to numbered references provided in Section 5.5.




WHC-SD-WM-ES-399, Rev. 0

Table 5-6. Geotechnical Design Criteria for 241-S Tank Farm SSTs.

Constructed 1950-1951

Bearing Capacity for Tank Footings

Unknown

Lateral Earth Pressure on Cylinder

Not specified

Design Specific Gravity of Contents
-Liquid
-Sludge

1.2 revised to 1.9 (5,23)
Not specified

Maximum Liquid Level
-Liner Height
-Operating (Overflow) Limit

312 in. (3)
285.5 in. (3)

Design Head Space Pressure Limits
-Vapor Pressure

-Vacuum

10 1b/in.? gauge (5)
1.8 Ib/in.* gauge (23)
2.1 Ib/in.? gauge (10)

0.22 1b/in.? gauge (10)

Operational Soil Cover (Surcharge)

6.27 ft 3)
9.5 ft max (10)

Design Live Load
Operating Live Load

92,000 Ib less fixed equipment (10)
200,000 1b (30)

Fill Properties
-Friction Angle
-Bulk Density

None specified (18)

Numbers in parentheses correspond to numbered references provided in Section 5.5.
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Table 5-7. Geotechnical Design Criteria for 241-TY Tank Farm SSTs.

Constructed 1951-1952

Bearing Capacity for Tank Footings

Unknown

Lateral Earth Pressure on Cylinder

Not specified

Design Specific Gravity of Contents
-Liquid
-Sludge

1.2 revised to 1.9 (5,23)
Not specified

Maximum Liquid Level
-Liner Height
-Operating (Overflow) Limit

312 in. (3)
284 in. (3)

Design Head Space Pressure Limits
-Vapor Pressure

-Vacuum

10 1b/in.? gauge (5)
1.8 1b/in.? gauge (23)
2.1 1b/in.? gauge (10)

0.22 1b/in.? (10)

Operational Soil Cover (Surcharge)

Approx. 8 ft (3)
9.5 ft max (10)

Design Live Load
Operating Live Load

92,000 Ib less fixed equipment (10)
200,000 1b (30)

Fill Properties
-Friction Angle
-Bulk Density

None specified (18)

Numbers in parentheses correspond to numbered references provided in Section 5.5.
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Table 5-8. Geotechnical Design Criteria for 241-SX Tank Farm SSTs.

Constructed 1953-1954

Bearing Capacity for Tank Footings

Unknown

Lateral Earth Pressure on Cylinder

Not specified

Design Specific Gravity of Contents
-Liquid

-Siudge

1.68 (5)
1.5 (23)
Not specified

Maximum Liquid Level
-Liner Height
-Operating (Overflow) Limit

384 in. (3)
373 in. (3)

Design Head Space Pressure Limits
-Vapor Pressure

10 Ib/in.? gauge (5)
4.8 Ib/in.? gauge (23)

-Vacuum Not specified
Operational Soil Cover (Surcharge) 6 ft 3)
Design Live Load Unknown

Operating Live Load

200,000 1b (30)

Fill Properties
-Friction Angle
-Bulk Density

Not specified
112.3 Ib/fi* (18)

Numbers in parentheses correspond to numbered references provided in Section 5.5.
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Table 5-9. Geotechnical Design Criteria for 241-A Tank Farm SSTs.

Constructed 1954-1955

Bearing Capacity for Tank Footings

Unknown

Lateral Earth Pressure on Cylinder

Not specified

Design Specific Gravity of Contents
-Liquid

-Sludge

1.37 (5)
2.223)
Not specified

Maximum Liquid Level
-Liner Height
-Operating (Overflow) Limit

384 in. (3)
371 in. (3)

Design Head Space Pressure Limits
-Vapor Pressure

10 Ib/in.” gauge (5)
6.9 Ib/in.? gauge (23)

-Vacuum Not specified
Operational Soil Cover (Surcharge) 71t (3)
Design Live Load Unknown

Operating Live Load

200,000 Ib (30)

Fill Properties
-Friction Angle
-Bulk Density

Not specified
121.7 Ib/fi® (18)

Numbers in parentheses correspond to numbered references provided in Section 5.5.
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Table 5-10. Geotechnical Design Criteria for 241-AX Tank Farm SSTs.

Constructed 1963-1964

Bearing Capacity for Tank Footings

Unknown

Lateral Earth Pressure on Cylinder

Not specified

Design Specific Gravity of Contents
-Liquid
-Sludge

1.1to 1.6 (25)
1.6 to 2.5 (25)

Maximum Liquid Level
-Liner Height
-Operating (Overflow) Limit

384 in. (3)
(No overflow connections)

Design Head Space Pressure Limits
-Vapor Pressure

-Vacuum

17.7 Ib/in.? absolute (3 Ib/in.? gauge) (25)
13.7 1b/in.? absolute (-1 Ib/in.? gauge) (25)

Operational Soil Cover (Surcharge)

6 ft (3)

Design Live Load

Operating Live Load

40 Ib/fi2 +
100,000 1b Conc. Load (25)
200,000 1b (30)

Fill Properties
-Friction Angle
-Bulk Density

Not specified
Not specified (18)

Numbers in parentheses correspond to numbered references provided in Section 5.5.
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6.0 CONCEPTUAL COST ESTIMATES FOR ALTERNATIVES

6.1 BACKGROUND

Independent cost estimates have been developed for closing tanks by the four alternate
stabilization methods under consideration. For purposes of preparing these estimates, the scope of
closure was based on the scope considered in the Draft EIS for the TWRS (DOE and Washington
State Department of Ecology [Ecology] 1996). Closure concepts, facilities descriptions and associated
estimates of materials, labor, schedules, and costs for the EIS are documented in the Closure Data
Package prepared by Kline et al. (1995). In the EIS, the simplifying assumption was made that tanks
would be stabilized with crushed aggregate (equivalent to Alternative 1 in this study). Kline et al.
(1995) evaluated two tank-fill alternatives equivalent to Alternatives 1 and 2 in this study. During
FY 1996, the closure scope and cost estimate in the Multi-Year Program Plan (MYPP) for TWRS
were revised to reflect the treatment of closure in the EIS.

The scope of closure in the TWRS EIS and the MYPP closure cost estimate include elements
that are outside the scope of this engineering study. The EIS and MYPP estimates include costs for
stabilizing SSTs and DSTs and for construction of surface barriers over SSTs, DSTs, and low-activity
waste vaults. For this study, the issue of specific interest is the cost comparison for stabilizing SSTs
by the four alternative methods described in Section 2.0.

The scope and content of each of the four estimates are summarized in Section 6.2.
The results of the cost comparison are reported in Section 6.3. The estimates are reproduced as
Appendix E.

6.2 WORK SCOPE ADDRESSED IN COST ESTIMATES

6.2.1  Alternative 1: Gravel Fill

Of the four closure cost estimates, the gravel fill estimate most closely reflects the scope and
content of the current TWRS MYPP cost baseline. The MYPP estimate assumes that SSTs and DSTs
would be stabilized with gravel fill. In the estimate, costs are developed for five activity categories:

Definitive design

Field engineering and inspection
Construction - cost plus award fee (CPAF)
Construction - fixed price

Project management.

Under definitive design, the estimate includes costs for the gravel fill mechanical system and
controls; related infrastructure (gravel conveyors, stockpiles, borrow, crushing and screening
operations); facilities and equipment for grout filling of auxiliary tanks, ancillary facilities and related
piping; removal of ITH; and installation of 42-in.-diameter central risers in SSTs that currently lack
serviceable access for gravel fill equipment. Definitive design costs for surface barriers over tank
farms are included in construction costs.
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Field engineering and inspection costs are included for activities to be performed by plant
forces construction crews (i.e., removal of ITH and installation of 42-in. risers). These activities
were estimated as plant forces tasks because of the potential for radiological exposures and the need to
apply specific radiological controls and surveillance procedures.

CPAF construction items are activities that would be performed by plant forces crews.

Fixed-price construction costs include equipment, labor and materials for the gravel fill
operation; infrastructure construction; grouting of ancillary facilities; and surface barrier construction.
Costs are also included in this category for placing subcontracts for construction and for construction
management.

The estimate includes project management costs for construction of surface barriers and plant
forces tasks.

The MYPP baseline does not include costs for removal of ITH items or installation of 42-in.
risers. The MYPP baseline also assumes that surface barriers would be constructed to cover entire
tank farm operable units. The estimates prepared for this study assume that barriers would be
constructed over individual farms.

6.2.2  Alternative 2: Grout Fill

The grout fill estimate includes costs for the same five categories of work activities listed for
gravel fill.

The estimate includes definitive design costs for the grout fill operation; related
infrastructure (grout plant, delivery and dry storage of materials, pump, pumplines and hard piping,
borrow operation for producing sand); related operations for grouting ancillary facilities; and for
excavation/construction adjacent to tanks to access overflow lines to crimp them shut.

Field engineering and inspection costs are included for crimping overflow lines between
tanks. This activity was costed as plant forces work because of the need to impose radiological
controls on the work. Work by plant forces was estimated as CPAF construction.

As above, fixed-price construction costs include equipment, labor and materials for the grout
fill operation; infrastructure construction; grouting of ancillary facilities; and surface barrier
construction. Definitive design costs for surface barriers over tank farms are included with
construction costs. Costs are also included in this category for placement of subcontracts for
construction and for construction management. The estimate includes project management costs for
construction of surface barriers and work performed by plant forces.

The MYPP baseline does not identify costs for crimping overflow lines between tanks.

6.2.3  Alternative 3: Hybrid Fill
Costs for the hybrid fill alternative are broken down into the same categories of work

activities listed for the gravel fill alternative. The hybrid fill estimate includes costs for definitive
design of the two-stage tank-fill operation; emplacement of grout tubes into the coarse aggregate fill;
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related infrastructure (borrow operations for producing sand and coarse aggregate, aggregate
conveyance system, aggregate stockpile, grout plant, delivery and dry storage of materials, pump,
pumplines and hard piping); related operations for grouting ancillary facilities; excavation/construction
adjacent to tanks to access overflow lines to crimp them shut; and for installation of 42-in.-diameter
central risers in SSTs that currently lack serviceable access for aggregate fill equipment.

Field engineering and inspection costs are included for crimping overflow lines between
tanks and installation of 42-in. risers. These activities were costed as plant forces work because of
radiological issues associated with the work. Work by plant forces was estimated as CPAF
construction.

Fixed-price construction costs include equipment, labor and materials for the aggregate and
grout fill operations; emplacement of grout tubes; infrastructure construction; grouting of ancillary
facilities; and surface barrier construction. Definitive design costs for surface barriers over tank
farms are included with construction costs. As indicated previously, costs are included in this
category for placement of subcontracts for construction and for construction management and project
management costs for construction of surface barriers and work performed by plant forces.

The MYPP baseline does not identify costs for crimping overflow lines between tanks or for
installation of 42-in. access risers.

6.2.4  Alternative 4: Concrete Fill

The concrete fill estimate includes costs for the same categories of work described for the
previous estimates. Because of similarities in the technologies involved, the concrete fill estimate
includes essentially the same activities described above for grout fill.

The estimate includes definitive design costs for the concrete fill operation; related
infrastructure (grout plant, delivery and dry storage of materials, pump, pumplines and hard piping,
borrow operations for producing sand and gravel); operations for grouting ancillary facilities; and for
excavation/construction adjacent to tanks to access overflow lines to crimp them shut.

Field engineering and inspection costs are included for crimping overflow lines between
tanks.

Fixed-price construction costs include equipment, labor and materials for the concrete fill
operation; infrastructure construction; grouting of ancillary facilities; and surface barrier construction.
Definitive design costs for surface barriers over tank farms are included with construction costs.
Costs are included for placing subcontracts for construction and for construction management.

The estimate includes project management costs for construction of surface barriers and work
performed by plant forces.

The MYPP baseline does not identify costs for crimping overflow lines between tanks.
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6.3 COMPARISON OF SST STABILIZATION COSTS

To obtain a direct comparison between the costs for stabilizing SSTs, cost elements in the
estimates for extraneous activities (i.e., stabilizing DSTs and construction of surface barriers over
tank farms and vaults) must be identified and segregated. This was done in the following manner:

. Each estimate was reviewed by activity (i.e., at the level of the work breakdown
structure)
. For tank stabilization activities wherein costs for SSTs and DSTs were estimated

collectively, costs were allocated to SSTs and DSTs in proportion to the volumes of
fill materials required for each group of tanks (see Table A-1 in Kline et al. [1995])

. For activities relating to stabilization of ancillary facilities, costs were allocated to
SSTs and DSTs in proportion to the volumes required for each group (see Table A-7
and Section 3.2.3 in Kline et al. [1995])

. For activities relating to surface barrier construction, costs were divided between
SSTs, DSTs, and vaults in proportion to construction costs, which were estimated
separately for each tank farm.

The resulting cost breakdown is shown in Table 6-1.

Table 6-1. Summary of Closure Costs by Alternative.
(in $Millions)

Alternative 1 Alternative 2 Alternative 3 ' Alternative 4
| Gravel Grout Hybrid Concrete
SSTs $232.2 $242.0 $269.3 $232.5
DSTs 58.5 69.3 70.1 66.1
Vaults 46.8 46.8 46.8 46.8
Totals $337.6 $358.1 $386.2 $345.5

Costs in Table 6-1 for SSTs were broken down a second time to isolate costs associated with

stabilization of ancillary facilities and construction of surface barriers. When those items are
eliminated, the costs that remain are the costs directly associated with SST stabilization (see

Table 6-2).
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Table 6-2. SST Stabilization Costs by Alternative.

(in $Millions)

Alternative 1 Alternative 2 Alternative 3 Alternative 4
Gravel Grout Hybrid Conerete

Definitive
Design $21.8 $20.1 $21.9 $18.3
Field
Engr./Insp. 2.2 0.7 2.3 0.7
Plant Forces
Construction 22.1 6.5 19.9 6.5
Fixed Price
Construction 48.6 77.9 86.6 70.3
Project
Management 1.7 1.0 2.8 1.0
Totals $96.4 $106.2 $133.5 $96.7

Comparison of costs in Table 6-2 indicates that two stabilization alternatives, gravel fill and
concrete fill, are essentially indistinguishable from one another and both are superior to the grout fill
and hybrid fill alternatives, if cost is the sole consideration. Hybrid fill is significantly more costly
than the other alternatives. It is also of interest to note that concrete fill offers a cost advantage over

grout fill, even though the two alternatives employ similar technologies, equipment, and resources.
All costs include a 35% contingency.
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7.0 REVERSIBILITY

Reversibility may be an important attribute for waste disposal decisions since most of the
roadblocks to achieving progress in waste disposal are "traceable not to the physical act of placing
waste in a secure, engineered facility, but rather to our collective state of mind about attempting to
execute a solution that is meant to be permanent and irreversible” (Newberry et al. 1995). Evidence
of this view can be found in development of waste remediation strategy at Hanford. In evaluating and
comparing tank-fill alternatives, preserving flexibility to reverse a tank closure decision may therefore
be an important advantage for gaining regulatory and stakeholder acceptance.

7.1 BACKGROUND

During the mid 1980°s, the DOE prepared an EIS (Hanford Defense Waste EIS) to evaluate
alternatives for disposal of Hanford defense, high-level, transuranic, and tank wastes. During this
process, a citizens advisory group representing the public and stakeholders met periodically to discuss
related issues and to provide input to DOE’s disposal decisions. In 1988, DOE published its ROD
(53 FR 12449), which adopted the public and stakeholder advisory group’s recommendation to
proceed with retrieval of DST waste and onsite disposal of the separated low-level waste (LLW)
fraction in the form of large grout monoliths placed in concrete vaults. In 1989 DOE, the
U.S. Environmental Protection Agency (EPA), and Ecology signed the Tri-Party Agreement that
clarified the regulatory framework and established schedules for implementing the ROD.

Pursuant to the ROD, the grout project constructed five 1.4-Mgal (5,300-m®) vaults and
filled one with low-activity grout. The project was placed on hold in FY 1993 after new stakeholder
concerns were voiced regarding grouted waste. Because of this, and other developments that
precluded implementation of the ROD, the Tri-Party Agreement was renegotiated (Ecology et al.
1994). During renegotiations, another citizens advisory group representing the public and
stakeholders met to advise DOE, EPA, and Ecology of public values that should be considered in
establishing new strategy and schedules related to Hanford cleanup (Hanford Tank Waste Task Force,
1993). Under the category "waste form and storage,” the Task Force cited the following "specific
implementation-related value:"

"Put wastes in an environmentally-safe form, using retrievable waste forms when
potential hazards from the waste may require future retrieval and when
retrievability does not cause inordinate delays in getting on with cleanup."

Following completion of the Tri-Party Agreement renegotiations, the TWRS issued a
technical strategy document (DOE and WHC, 1994) to provide a basis for developing revised cost
and schedule baselines consistent with the modified Tri-Party Agreement. The strategy for LLW
immobilization, as stated in that document, included the following statement incorporating the
stakeholder value relating to retrievable waste forms:

“The vitrified LLW will be placed in an onsite near-surface disposal in a manner

that will allow retrieval for placement elsewhere (for up to 50 years from time of
emplacement), should that become necessary."
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7.2 RETRIEVABILITY ASSESSMENT FOR TANK-FILL ALTERNATIVES

Preserving flexibility to reverse a closure decision can be achieved by using a retrievable
tank-fill material. In such case, a decision to place engineered fill in a tank can be viewed as a
decision only to provide interim stabilization. A decision on final closure or retrieval could be made
at a later time.

Retrievability of tank fill can only be addressed qualitatively at this time. Equipment
requirements, cost estimates, safety risks, environmental impacts, or technical feasibility assessments
have not been developed or estimated as a basis for ranking or comparing alternatives. For purposes
of this study, it is assumed that conventional excavation or decommissioning methods would be used
for removing tank fill. For all four tank-fill alternatives, it is assumed that excavation of fill would
first require removing the cover soil shielding and then the tank dome itself. It is further assumed
that grout injection for the hybrid alternative is required for interim stabilization. In that case, three
of the alternatives (concrete, grout, and hybrid fill) would require deploying various types of
mechanical abrasion or fragmentation techniques to break up the hard monolith. A crane would then
be used to hoist out broken material from the tank. With the cover soil and the domes removed,
gravel fill could simply be removed with a crane and clamshell. For this set of assumptions, the four
tank-fill alternatives would be ranked as follows:

Tank-Fill Alternative Retrievability Measure
concrete poor
grout poor
gravel moderate
hybrid poor

If it is assumed that injection grouting for the hybrid alternative is not required for interim
stabilization, but would be performed as part of final closure, then the hybrid option and the gravel
fill option would rank equally relative to retrievability, as shown below:

Tank-Fill Alternative Retrievability Measure
concrete poor
grout poor
gravel moderate
hybrid moderate
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8.0 INTERIM RESULTS AND CONCLUSIONS

8.1 INTRODUCTION

The objective of this study is to evaluate the four tank-fill alternatives described in
Section 2.0 according to the criteria identified in the decision plan for this study (Boothe 1996;
see Appendix F) and to document the resuits for future uses. The status of work performed and
results obtained to date is summarized below. Assessments of structural and hydrologic performance
of tank-fill materials are ongoing. It is envisioned that this study will be revised and reissued to
incorporate the results of these tasks as they are completed.

Structural performance of fill materials: Ground work was completed during FY 1996 for
structural modeling of tank-fill alternatives, which is scheduled to be initiated in FY 1997.
A literature search was completed (see Section 5.0) to identify the nature and extent of internal and
external loads on the SSTs. This information is essential for model construction. As a separate
effort, a scoping document was prepared that identifies the specific structural issues to be evaluated by
numerical modeling methods together with general descriptions of the models needed to examine the
issues at the appropriate scale and level of detail; the document is included as Appendix A of this
report. No conclusions regarding structural performance of any of the alternatives have been reached
to date.

Public health risk: The performance of tank-fill alternatives with respect to public health
risk was not included in the scope of work for FY 1996. Work will be initiated as part of the HTI in
FY 1997 to address this criterion.

Hydrologic performance of fill materials:

. Travel time: None of the fill materials evaluated offers consistently
superior performance in terms of extending travel times to the water table.

. Flux density: For all scenarios evaluated, predicted flux density values
immediately below the tank are somewhat lower for gravel fill than for
concrete and grout. In some scenarios the differences are not significant.
The greatest difference in results is observed in those scenarios where a
high K,,, value is assigned to the concrete shell.

. Cover: For all fill materials, significant improvements in performance
(i.e., longer travel times and lower flux densities) are obtained when a low-
infiltration cover is included in the simulation. The cover has a larger
impact on overall system performance than the choice of fill material.

Until far-field simulations to evaluate contaminant transport and public health risk are

completed, it is unknown whether the hydrologic performance of alternative tank-fill materials will be
a significant factor in achieving overall system performance objectives.
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Worker radiological exposures: Based on the conceptual descriptions of the alternatives
presented in Section 2.0, a scoping study has been completed to evaluate the occupational dose
consequences of the various alternatives. This assessment is summarized in Section 4.0.

The estimated cumulative occupational radiation doses (person/rem) for the four fill alternatives are:

. Grout and concrete fill: 119 person/rem
. Hybrid fill: 569 person/rem
. Gravel fill: 1,320 person/rem.

Comparative dollar costs: Conceptual cost estimates of the four tank-fill alternatives have
been developed as part of this study (see Section 6.0). On the basis of cost, the following comparison
was obtained:

. Gravel fill: $ 96.4 Million
. Concrete fill: $ 96.7 Million
. Grout fill: $106.2 Million
. Hybrid fill: $133.5 Million.

Reversibility: Reversibility may be an important attribute in distinguishing a preferred
tank-fill alternative for closure. Alternatives that involve filling tanks with cementitious mixtures
(i.e., creating monoliths inside the tanks) are undesirable from this perspective. A qualitative rating
of the alternatives on the basis of reversibility is as follows:

. Gravel fill: moderate

. Hybrid fill: poor to moderate
. Concrete fill: poor

. Grout fill: poor.

The hybrid option, which is a two-step fill method, would have a "moderate” rating if only
the first step (placement of coarse aggregate) is implemented. Once the second step (grout injection
to form pre-placed aggregate concrete) is carried out, the fill becomes a monolith like grout or
concrete fill, and would have the same "poor" rating.

Selection of a preferred fill method will be made as one of several final decisions for closure
in supplemental NEPA documentation to be developed for the TWRS EIS. It is anticipated that this
report will serve as a resource for preparing the EIS supplement.

DOE plans to implement a program (HTI) beginning in FY 1997 to gather information and
reduce uncertainties associated with tank closure. Information obtained through HTI will be used to
establish processes and criteria for evaluating future closure options. The planned scope of HTI
includes continued engineering development of tank closure alternatives. A decision process is
planned as part of HTI leading to selection of a preferred fill alternative as a basis for focusing future
engineering developments. Results and conclusions from this engineering study will support that
process.

8.2 REFERENCE
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Al1.0 PURPOSE

This appendix (formerly published by Baxter, WHC-SD-WM-ES-372) examines three
construction scenarios being considered for backfill and closure of the Hanford Site SSTs similar to
those described in the closure data package (Kline et al. 1995) for the TWRS EIS. The closure data
package identifies the civil/structural functional requirements necessary to ensure acceptable long-term
postclosure structural integrity of the tanks and the Hanford Barriers.

Based on these functional requirements, a design analysis strategy is proposed that identifies
the civil/structural assumptions and analyses needed to demonstrate long-term postclosure structural
integrity of the tanks and barriers. Development of the engineering models for the conduct of these
analyses will require field soil investigations at the tank farm sites, laboratory testing of soil samples,
and proof-of-process testing for the proposed backfill and closure construction methods to develop
mechanics input parameters for the structural models. Additional postclosure settlement or subsidence
monitoring will be needed to verify the backfill and closure design during the design verification
period subsequent to tank closure. Design verification data collected during this monitoring period
will provide a technical basis for the final decision to abandon the tanks.

The backfill and closure construction method and sequence also affect postclosure near-field
contaminant transport. Results from numerical models of near-field groundwater flow and
contaminant transport for closure conditions at the tank farms may be required to establish the
radiological source terms for the overall Hanford Site postclosure performance assessment model.
Resuits from the tank farm and sitewide models will be used to demonstrate compliance with EPA
groundwater protection rules and other applicable standards, and will support the decision to close the
tank farm operable units.

In addition to the demonstration defining structural models to support tank closure, the
closure construction scenarios described in this appendix provide a framework for identifying values
of groundwater flow and contaminant transport parameters needed to model the performance of tank
farm operable unit closure methods. Proof-of-process testing for the proposed backfill and closure
construction methods may include field sampling and laboratory testing to develop values for the
transport modeling parameters.

A2.0 SUMMARY AND RECOMMENDATIONS

Disposal plans for non-HLW at the Hanford Site are based on construction of surface
barriers over the SST farms after the tanks have been closed. Surface barrier performance objectives
are as follows:

. Limit the recharge of water through the waste to the water table to near zero
amounts

. Be maintenance free

L Isolate wastes for a minimum of 1,000 years.
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These objectives require that the closed tanks and surrounding soils in the foundation zone
below the surface barrier be structurally stable. In this case, stability means that the tanks will not
collapse and that the settlements in the soils below the surface barrier are limited to ensure continued
functionality of the surface barrier.

The preferred alternative for SST closure is to backfill the tanks after remediation to provide
long-term structural stability and limit settlements. Three alternatives are being considered for
backfill and closure of the SSTs. Candidate backfill materials include gravel, grout, and concrete.

Recommendations were made to develop three numerical models for evaluating and
predicting deformations and stresses in the tanks, the backfill, and surrounding soils during closure
activities. Settlement calculations are to be used to discriminate between the three backfill alternatives
to select the preferred method consistent with acceptable long-term isolation performance
requirements for the surface barrier. Gravel backfill would be the most economical alternative;
however, it may not have sufficient stiffness when placed with available methods to limit long-term
settlements to acceptable ranges. The numerical models will be used to evaluate short- and long-term
settlements for each of the backfill alternatives against the functional deformation limits for the
overlying surface barrier. Field elevation surveys are recommended during initial closure activities to
verify numerical models and the settlement predictions for comparison with the barrier functional
deformation limits.

The backfill and closure construction method, and sequence, also affect postclosure near-
field contaminant transport. Results from numerical models of near-field groundwater flow and
contaminant transport for closure conditions at the tank farms may be required to establish the
radiological source terms for the overall Hanford Site postclosure performance assessment model.
Results from initial performance assessment modeling may impact the selection of the preferred
backfill alternative by imposing additional hydrologic performance requirements on the backfill
selection process. The three current candidate backfill materials span the expected range of
hydrologic performance requirements that could be required.

A3.0 BACKGROUND AND ASSUMPTIONS

In April 1988, DOE issued a ROD, in accordance with the NEPA, addressing disposal of
Hanford’s defense, high-level, and transuranic waste (DOE 1988). The Hanford Federal Facility
Agreement and Consent Order (Tri-Party Agreement) (Ecology et al. 1994) established a timetable for
implementing the disposal strategy described in the ROD (Ecology et al. 1989). Subsequent events
have necessitated changes in the tank waste disposal portion of this overall strategy. Consequently, in
the TWRS EIS, several alternative tank waste disposal strategies are again being evaluated.
Alternatives addressed in the TWRS EIS are the following:

1. No Action--Continue existing tank farm operations and maintenance indefinitely, with no
new facility construction.

2. Long-Term Management--Continue existing tank farm operations and maintenance, with
transfer of waste to new tanks every 50 years.
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3. In Situ Fill and Cap--Dispose of waste in place by filling tanks with gravel to prevent tank
dome collapse, and place a surface barrier.

4. In Situ Vitrification--Vitrify waste in place, fill remaining volume in tanks with gravel, and
place a surface barrier.

5. Ex Situ Intermediate Separations--Retrieve 99% of waste volume, separate into HLW and
LLW fractions by sludge washing and ion exchange, vitrify both HLW and LLW, dispose of
LLW onsite in vaults, send HLW to a geologic repository offsite, fill emptied tanks with
gravel and place a surface barrier.

6. Ex Situ No Separations—Retrieve 99% of waste volume, vitrify or calcine as HLW, send
vitrified waste to a geologic repository offsite, fill emptied tanks with gravel and place a
surface barrier.

7. Ex Situ Extensive Separations—Retrieve 99% of waste, separate into HLW and LLW
fractions by sludge washing, jon exchange, caustic leach, and acid dissolution to minimize
volume of HLW, vitrify both HLW and LLW, dispose of LLW onsite in vaults, send HLW
to a geologic repository, fill emptied tanks with gravel and place a surface barrier.

8. Ex Situ/In Situ Combination--Dispose of approximately 50% of tank waste by "In Situ Fill
and Cap," and the balance by "Ex Situ Intermediate Separations."

9. Phased Implementation--Dispose of tank waste as in the "Ex Situ Intermediate Separations"
alternative, but through privatization in two phases.

The "Ex Situ Intermediate Separations” alternative described above most closely represents
the preferred strategy for tank waste disposal that was adopted in Amendment #4 to the Tri-Party
Agreement.

Supporting data for the above waste treatment and disposal options are addressed in separate
waste treatment data packages that were prepared to serve as the basis for evaluation of environmental
impacts. Tank farm closure, which applies to all but two of the alternatives listed above, is discussed
in one of those data packages (Kline et al. 1995).

A3.1  BASIS FOR CURRENT CLOSURE SCENARIOS

With the exception of alternatives 1 and 2 above, all the TWRS EIS alternatives require
closure activity for the waste tanks. Four of the alternatives (5, 6, 7, and 9) require removal of as
much waste as is technically achievable (nominally 99% by volume, based on the Tri-Party
Agreement). The balance of the discussion in this appendix is applicable only to these four TWRS
EIS alternatives, wherein it is assumed that the condition of SSTs following retrieval satisfies the
Tri-Party Agreement Milestone M-45-00 requirement that no more than 360 ft* of waste remains in
the 75-ft-diameter tanks, nor more than 30 ft* in the 20-ft-diameter tanks.
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A3.2  CLOSURE/STABILIZATION SCENARIOS

] The nominally empty SSTs will be stabilized by backfilling with gravel, grout,
concrete, or some combination of gravel and grout to ensure long-term integrity of
the tank domes

. Ancillary equipment will be grout-filled for stabilization. It will not be excavated or
packaged
. Permanent isolation surface barriers (Hanford Barriers) will be placed over the

backfitled SSTs.
Additional assumptions for the scenarios include:

. Percent waste removal criteria refer to waste volumes in the tanks and do not
include excavation of the soil surrounding the tanks, nor excavation of ancillary
equipment

. No additional soil remediation activities are required that might impact the general
arrangement of the designs being considered, or disturb the barriers after
construction

. The Hanford Barrier will meet or exceed performance requirements specified in the
closure data package (Kline et al. 1995).

A4.0 SYSTEM FUNCTIONAL REQUIREMENTS FOR CLOSURE

Disposal plans for non-HLW at the Hanford Site are based on the design of a standard
permanent isolation surface barrier (Hanford Barrier) (Wing 1993). A cross-section of the Hanford
Barrier is shown in Figure A-1. The Hanford Barrier is expected to be used to isolate buried waste
exceeding the standards for Class C LLW, related mixed level wastes, and transuranic waste-
contaminated soil sites. Preliminary performance objectives for this barrier include:

. Function in a semiarid to subhumid climate

. Limit the recharge of water through the waste to the water table to near zero
amounts

. Maintenance free

. Minimize the likelihood of plant, animal, and human intrusion

. Minimize erosion related problems

. Meet or exceed Resource Conservation and Recovery Act of 1976 cover performance
requirements
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Figure A-1. Hanford Barrier Cross-Section.
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. Isolate wastes for a minimum of 1,000 years
. Be regulatorily and publicly acceptable.

The Hanford Barrier fulfills these objectives by limiting the downward flow of water from
natural precipitation to the waste; and subsequent migration of radioactively- contaminated water to
the water table. Each layer shown in Figure A-1 has a specific function. Layers 1 and 2 are fine-
grained soils that provide a medium for the growth of native plants and storage of precipitation until
the processes of evaporation and transpiration can return the water to the atmosphere. The interfaces
between layers 2, 3, and 4 provide a capillary break to prevent water from moving downward.

Layer 3, the geotextile layer, is not expected to survive for the entire service life of the barrier.
Layers 4 through 6 are standard french drain construction tailored to prevent human intrusion by
impeding drilling through the barrier. Layers 7 through 9 form a low-permeability cap for the
underlying materials. Gravel in layer 7 provides a drain to channel downward migrating water to the
outer edges of the barrier. Layer 8 is a low-permeability barrier that prevents downward movement
of water and upward movement of noxious gases from the waste. Layer 10 is the base course used to
determine the elevations and slopes for the overall Hanford Barrier. At this time, the Hanford Barrier
is considered to represent the upper bound for complexity and expected barrier surcharge weight to be
placed over the closed tanks. Other simpler and lighter surface barrier designs are being reviewed.

A4.1 STRUCTURAL STABILITY

During waste disposal operations, surface barriers will be constructed over the top of
individual tank farms as described in the closure data package, Table A-1 (Kline et al. 1995).
For example, the 241-A Tank Farm consists of six 1-Mgal tanks.

Radioactive waste in the tanks will be retrieved and disposed of under several of the TWRS
EIS waste treatment and disposal alternatives. The tanks will then be backfilled, and the operable unit
subsequently closed by constructing a Hanford Barrier over the tanks. A preliminary estimate for the
design life of the Hanford Barrier and the overall system is 1,000 years. To ensure the long-term
continued functioning of the Hanford Barrier, the underlying strata and tanks must provide structural
stability. They must prevent subsidence due to collapse of closed tanks and equipment and limit
settlement of the overburden to that which maintains the performance of the Hanford Barrier layers
8 and 9; i.e., ensure that these layers are not ruptured by localized differential settlements such as
would occur due to collapse of an empty tank or partial collapse of an inadequately backfilied tank.
In addition, the drainage slopes for layers 8 and 9 must retain their ability to channel downward
migrating water to the outer edges of the barrier. Barrier layers 4, 8, and 9 are the thinnest layers
and thus, the most sensitive to overall settlement and differential settlement relative to a given gage
length. Functions of the other layers would not be impeded by relatively much larger settlements.
Thus, the design for backfill and closure of the tanks must demonstrate, with adequate conservatism,
that the tanks will remain structurally stable, and that overall settlements of the backfilled tanks, the
surrounding soils, and the overlying Hanford Barrier will be acceptable for a barrier design life of
hundreds to possibly 1,000 years.

Two strategies could be adopted to demonstrate long-term structural stability of the Hanford
Site waste tanks. The first strategy would demonstrate that the tanks are adequate, as-built, to resist
all expected loadings with adequate design margins for an appropriate design life to prevent collapse.
There are many impediments to this strategy. For example, none of the tanks were designed to resist
the additional dead load of a Hanford Barrier. The SSTs originally were not designed to resist lateral
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forces due to earthquakes. Extrapolation of past SST and DST performance would require that the
current as-built condition be established for the tanks, and that expected aging processes be quantified,
including uncertainty, to demonstrate adequate strength and deformation capacity at end-of-life.

In this case end-of-life would be hundreds to possibly 1,000 years. All of the above considerations
represent formidable engineering tasks, particularly when working in a radioactively-contaminated
environment.

A second, and preferred strategy, is to demonstrate long-term structural stability of the
Hanford waste tanks by adopting a disposal method which includes backfilling of the tanks with a
material designed to provide structural support. Structural backfill would be relied on to provide
long-term support for the tank domes and the overlying Hanford Barrier. This strategy is discussed
further in this appendix.

A4.2 TANK BACKFILL PROCESSES AND ANTICIPATED SETTLEMENTS

Several alternatives for tank stabilization are proposed in the closure data package (Kline et
al. 1995). These alternatives include backfill with gravel, grout, or concrete. Readers are referred to
the closure data package for additional process details.

A4.2.1 Gravel Backfill

Gravel is perhaps the simplest process/material proposed to structurally stabilize the tanks.
The method referenced by the closure data package is to use a gravel slinger to place well-graded
crushed rock throughout the tank, including the dome. This process could easily be adapted to visual
inspections to ensure adequate areal coverage without formation of voids and pockets. However,
commercial practice generally do not include real-time monitoring of backfill density and degree of
compaction. If these measurements are necessary, prototype testing may be required to develop
appropriate sensors and supporting instrumentation.

Questions exist as to whether this construction process can adequately backfill the spaces
around existing tank internal equipment (e.g., tank risers) and the volume immediately under the tank
dome. Proof-of-process testing may be necessary to demonstrate that fill can be adequately placed
behind risers and in intimate contact with the underside surface of the dome with adequate
compaction. If results of testing indicate its need, an alternate construction procedure may be adopted
where the main gravel backfill is placed below the dome volume, followed by a grout-tight membrane
and a final grout plug to ensure intimate contact with the underside of the tank dome.

The structural analyses proposed for monitoring this process and to address tank settlement
during the backfill process include re-use of the SST finite element models developed for the Phase I
Sensitivity Studies that supported the Accelerated Safety Analysis (Hyde et al. 1994). The existing
finite element models have to be modified to account for the backfill and the soil mass surrounding
and supporting the tanks. An additional larger scale model should be developed to address the
question of overall and differential settlements at the scale of an entire tank farm during construction
of Hanford Barriers (see Section A5.0).
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A4.2.2 Grout Backfill

Grout backfill was proposed as a second alternative in the closure data package. A free-
flowing, controlled-density grout was proposed that would be self-leveling. Placement would be
performed in a series of lifts designed and timed to limit temperature rise during curing. Lift height
and curing time limits are required to ensure acceptable final in-place grout characteristics and to
maintain the existing tanks structural integrity. The closure data package (subsection 3.1.1.1)
discusses mixing the first lift of grout with the residual waste in the tank. This concept should be
approached cautiously because 67 of the 149 SSTs are assumed to have leaked. The number of such
tanks is reported in the monthly status report for waste tank operations (Hanlon 1995). Slurrying the
residual waste would likely wash a significant portion of the inventory out of the leaking tanks into
the surrounding soil columns. Mixing the first lift of grout with the residual waste may in fact be
technically unfeasible and/or economically impractical.

Grout backfill provides some advantages relative to gravel because it increases the likelihood
of achieving a void-free backfill with intimate contact with the underside of the dome. Grout
provides a higher modulus of elasticity backfill compared to compacted gravel, thus limiting
settlement due to downward movement of the tank roof. If the last lift of the grout backfill included
backfilling the tank risers to the ground surface, it could provide pressure compensation for the
original tank dead load, leaving the tank dome in a relatively stress-free condition after closure.

Structural analyses proposed for monitoring this process and to address subsidence and
deformation issues include re-use of the SST finite element models developed for the Phase I
Sensitivity Studies supporting the Accelerated Safety Analysis (Hyde et al. 1994). The existing finite
element models have to be modified to account for the backfill lift placements and the soil mass
surrounding and supporting the tanks. An additional larger scale model should be developed to
address the overall and differential settlements at the scale of an entire tank farm due to construction
of the Hanford Barrier.

A4.2.3 Concrete Backfill

Backfilling the tanks with concrete is a third alternative for providing long-term structural
stability for closed tanks. A preplaced aggregate concrete process would entail initial emplacement of
a larger gap-graded backfill with a minimum 1/2-in. to 1 1/2-in. aggregate size. The tank would first
be backfilled with gravel. Gravel backfill would include placement of vertical steel pipes for placing
grout and monitoring grout elevations at horizontal intervals of about 20 ft in both the north-south and
east-west directions. After placement of the coarse aggregate, grout would be injected near the
bottom of each lift to flow horizontally and then vertically filling the void space in the large aggregate
in lifts of about 3 ft. The grout typically includes a uniformly graded distribution of fine aggregate
with a gap from the maximum fine aggregate size to the large aggregate size to ensure that the grout
can flow through the intersticial spaces between the large aggregate pieces.

The process for emplacing gravel-grout backfill would be developed in accordance with ACI
(ACI 1992b) "Preplaced Aggregate Concrete," with modifications as appropriate. Great strength is
not essential for the tank backfill. The main concerns for backfill are complete penetration of the
grout, limitation of voids, and limiting temperature increases due to heat of hydration to protect the
existing tank structures.
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Alternatively, a standard portable concrete batch plant could be set up in, or adjacent to a
tank farm. Concrete would be mixed in the batch plant and pumped to the tank for placement in lifts.
Use of standard batch plant equipment and pumps would constrain the maximum aggregate size and
limit the available choices for water-cement ratio to prevent segregation during pumping. The batch
plant option will be compared to preplaced aggregate concrete during design of the backfill process.

Structural models required to evaluate this method of backfill are identical to those used to
evaluate the first two alternatives.

A4.3  RELATIONSHIP OF CONTAMINANT TRANSPORT MODELS
TO THE TANK BACKFILL PROCESS

Each of the alternatives for backfilling the tanks may have different implications for near-
field modeling of the residual waste by groundwater transport. The general arrangement of the
backfilled tanks, locations of the residual waste, and potential groundwater transport pathways are
discussed for each backfill alternative in the following subsections.

A4.3.1 Gravel Backfill

This alternative results in a scenario that the SST has a thin layer of residual radioactive
waste on the base slab and by the walls. Based on references cited by the closure data package; the
Tri-Party Agreement volume of 360 ft* represents approximately a 1-in. layer on the inner surface of
the tank liner.

Gravel backfill will be placed in a dry condition and will not be saturated after placement.
The void space in the gravel fill will provide a large storage volume within the tank for any
downward migrating groundwater that might enter the top or sides of the tank. The void ratio for the
compacted fill will be established as part of the specifications for the backfill process.

Downward infiltrating groundwater in the soil overlying the tanks will have two potential
paths into the tanks. One path will be the fractures along the interfaces between the piping
penetrations into the tanks and grout backfill used to seal the penetrations. A second potential path
will be through pores in the dome concrete. The hydraulic conductivity of the concrete should
account for the reduced concrete thickness due to cracks in the reinforced concrete under normal,
dead, and live loads. The cracking pattern can be estimated from the output of existing structural
models (Hyde 1994).

The groundwater pathway out of the tanks will be through existing confinement failures in
tanks identified as "leakers” or some combination of mass hydraulic conductivity adjusted for
cracking under normal, dead, and live loads as discussed above for the tank dome. Access to these
areas of the tanks are restricted, thus characterizing these zones may be difficult or impossible.
Consequently, the use of conservative default values for hydraulic conductivity out of the tanks may
be required to assess hydraulic performance of tank backfill alternatives.
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A4.3.2 Grout Backfill and Concrete Backfill

Groundwater flow paths into and out of tank volumes are similar to those discussed for
gravel backfill. Flowpaths inside the tank may be appreciably more anisotropic. Groundwater that
enters the tank will have two potential flow paths. The two flow mechanisms are through fractures
and through porous media. Fracture flow may occur along the interface between the backfill and the
original internal surface of the tank. A second set of horizontal fractures will be present between the
individual grout or concrete lifts in the backfill. Both grout and concrete backfills should be
considered to be porous media.

A5.0 REQUIRED STRUCTURAL MODELS AND INPUT PARAMETERS

AS5.1  EXISTING AND PROPOSED STRUCTURAL MODELS

The preferred option for ensuring long-term structural stability for Hanford tanks,
subsequent to retrieval and disposal of the radioactive waste, is backfill with gravel, grout, or
concrete as discussed previously. Given an initial estimate of a design life of hundreds to possibly
1,000 years, the backfill will ultimately be required to carry the dome loads at end-of-life. Thus, an
analysis is required to evaluate the process of progressive failure of the tank dome structure due to
aging and load transfer to the backfill. The primary objective of this analysis is to quantify the
expected subsidence of the dome and overlying strata to the extent that this will effect the function of
the overlying Hanford Barrier.

Existing tank analysis "standard models" that have been used for the Phase I and Phase II
tank studies to support the Accelerated Safety Analysis (Hyde 1994 and Scott 1995, respectively) can
be used as a starting point for performing the necessary anatyses. A typical finite element model used
for the Phase I studies is shown in Figure A-2(a). This is a 15 degree segment 3-D concrete model
for a 1-Mgal SST. It is representative of the more complex "standard models” that have been
developed in the Phase T and Phase I tank studies. This model was run using the ANSYS computer
code (Swanson 1992). Concrete behavior modeled included linear and nonlinear concrete response
(tensile cracking, crushing, and creep) and linear and nonlinear reinforcing steel response (tension,
compression, plasticity, and strain hardening). Load cases included dead loads (soil overburden), live
loads, construction point loads, dome vapor pressure, waste depth and density, and non-uniform
temperature loadings. These are large, fairly complex models using elaborate material models with
run times that challenge the currently available computer resources. For example, the current
ANSYS tank model for Phase II sensitivity studies requires 30 hours run-time on the Hanford Site
UNIX workstations to complete a typical load case solution procedure.

The Phase I and II models were developed with the purpose of evaluating structural
adequacy of the Hanford tank structures; thus, the models were not intended to study structural
backfill of the tanks and settlement in the soils surrounding the tanks. An axisymmetric plot of the
lower tank concrete floor and the underlying soil elements is shown in Figure A-2(b). In this case,
the soil elements do not model the soil mass, but are used to represent the soil compliance (subgrade
modulus) of the strata underlying the tank. Expansion of the existing models, at the current level of
detail, to represent the tank backfill and the soils surrounding the tank would result in models too
large to run on the existing available computer systems. This strategy is not necessary.
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Figure A-2. Phase I and II Tank Finite Element Models.

(a)  3-D tank concrete element piot for 15 degree sector.
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(b)  Tank bottom concrete and underlying soil elements.
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The first step in addressing settlement questions associated with SST closure should be a
complete set of simplified hand calculations to scope the overall problem. Following these initial
calculations, an appropriate effort can be specified for additional numerical studies.

Simplification of the existing tank finite element models and additional changes will be
necessary to properly represent placement of the backfill and then model the degradation of the
concrete tensile reinforcement, due to aging, allowing transfer of the overburden load from the tank
dome to the backfill.

It is suggested that initial modeling efforts concentrate on three models, or families of
models, to evaluate expected settlements. The first model, a single tank closure model, will be an
axisymmetric 3-D model of a SST. It will be used to study the tank structural deformations, stresses
and design margins as appropriate, and settlement effects due to backfill and construction of the
overlying Hanford Barrier during closure. This model will include the tank, backfill in the tank, the
existing overburden, surcharge due to Hanford Barrier construction, and deformations in the
surrounding soil and the strata underlying the tank.

The proposed backfill and barrier construction sequence for the gravel backfill alternative
will impose higher structural loads on the existing tank footings immediately after closure compared
to the grout and concrete backfill alternatives. For the gravel backfill alternative, the existing tank
dome structure will carry most of the additional dead load imposed by surface barrier construction to
the sidewalls and then down to the footings. The gravel backfill will not pick up the additional
vertical dead loads due to Hanford Barrier construction until the dome has aged sufficiently to fail
downward and transfer the vertical dead load directly to the gravel backfill. Stresses and
deformations in the soil immediately below and surrounding the tank footings will represent a
significant component of the overall early settlement due to Hanford Barrier construction for the
gravel backfill alternative.

The existing Phase I and II models provide little detail in the "settlement” area. A second
detailed 2-D plane strain footing model will be developed to supplement the information obtained
from the 3-D axisymmetric single tank model. Parameters to be considered include tank wall
loadings, existing tank footing designs, and stiffness and strength of the underlying foundation
materials. This model will provide for adequate characterization of the early closure settlements for
the gravel backfill alternative due to expected inelastic concrete behavior in the footings and the
resulting stress concentration in the soils immediately below the footings.

In contrast, the grout and concrete backfill alternatives form a structural monolith with the
existing tank structure immediately after construction. The backfill carries the surcharge dead loads
from construction of the Hanford Barrier by direct stress distributing the load over the entire area of
the tank base slab. There is no stress concentration effect where the tank structure collects the
increased overburden load and delivers it to the footing area only.

The third model is a 2-D cross-section of an entire tank farm. This will include a simplified
2-D model of each tank developed from the 3-D single tank closure model and the 2-D plane strain
footing model. A cross-section model is needed to evaluate the overall soil deformations, including
differential settlement, across a tank farm during construction of the Hanford Barrier. Backfill
specifications used during construction of the tank farms did not require particularly high densities for
in-place fill. For example, the foundation investigation for the 241-SY storage tanks (Shannon and
Wilson, 1974) recommends compaction of the fill to 70% relative density. Thus, settlements in the
existing backfill surrounding the tanks during construction of the Hanford Barrier may in fact exceed
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the settlements of the tanks during barrier construction. This will be one of the topics studied with
this model.

A5.1.1 Single Tank Closure Model

A proposed general layout for the single tank closure model is shown in
Figure A-3. Development of the model will require modification of an existing Phase I tank model,
selection of appropriate material models for the soil strata and the tank backfill, boundary conditions,
and loading conditions. A 1-Mgal SST model should be developed as the first mode! since it is the
largest size SST. Settlements for this model due to backfill surcharge and surcharge from
construction of the Hanford Barrier should envelope those for smaller SSTs.

The tank model will be simplified by using a coarser mesh to cut the run time. Mesh size
for the backfill and the soil horizons will be much coarser than the existing mesh for the tank models
with appropriate mesh transitions. In addition, simpler material models will be used for the tank
model to reduce run times. One option is to use a simple linear elastic model for the tank and
simulate the roof collapse with a time variant material stiffness.

Parameter estimates will be developed for the load deformation properties of the soils and
tank backfill materials, both gravel and grout processes. A Hanford soil model has been developed as
support to ongoing tank farm structural analyses (Moore 1995) that provides an adequate idealization
for the soils. Settlements in the granular Hanford soils will be comprised principally of short-term
elastic and perhaps elasto-plastic components with little or no longer term consolidation and secondary
compression effects because of the lack of cohesion in the soils. Load-deformation properties for
gravel backfill in the tanks may also be represented by the Hanford soil model; however, the
candidate gravel for backfill is
crushed rock. Crushed rock is a highly angular material with sharp asperities that may require the
use of an alternate material model to be developed after some literature search. Triaxial laboratory
testing will be necessary to properly define the load deformation properties of the gravel at
confinement pressures prototypic to the design. Required test outputs will include the angle of
internal friction and volumetric changes experienced during deformation as a function of the confining
pressure. The modulus of elasticity and other standard properties for the grout, preplaced aggregate
grout, or concrete can be adequately developed using the standard expressions in ACI 1992a) and the
specified minimum design strength for the grout and/or concrete.

Boundaries for the model will be selected through a process of sensitivity studies.
The distance "z" is often selected based on influence coefficients for the stress below a foundation on
an elastic halfspace. An example is shown in Figure A-4 from Perloff (1975). The 5% influence
coefficient indicates that the distance "z" should be at least five times the foundation effective width
"b." to limit the boundary effect based on stress increment.
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Figure A-3. Single Tank Closure Model.
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Figure A-4. Contours of Constant Vertical Stress (isobars) Beneath a Uniformly
Loaded Circular Disc on a Linear Elastic Halfspace. (from Perloff 1975)
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Unfortunately, this is not the case for displacements. Far-field boundary displacements
represent a significant portion of the overall displacements for layered soil models. The problem of
selecting boundary conditions for geotechnical models was one of the main drivers for the
development of boundary element analysis methodology (Manolis and Davies, 1993). Sensitivity
studies will be used to develop the model dimension "z" based on stress and displacement influence
coefficients "K,gy and K" for points "i" as shown in Figure A-3. Similar arguments will be used
for setting the dimension "R," which may also be set as the distance to the mid-plane between
adjacent tanks. Hanford Barrier surcharge loadings to be considered in the tank models are:

Thickness Unit Weight Loading

Layer (in.) (Ib/ft%) b/
1-silt 40 87 290
2 - silt 40 90 300
3 - sand filter 6 115 58
4 - gravel filter 12 115 115
5 - basalt 60 125 625
6 - drainage gravel 12 100 100
7 - asphalt 6 90 45
8 - base course 4 120 40
9 - graded fill 24 120 240

(varies)

TOTAL 1,813

A5.1.2 2-D Plane Strain Footing Model

Existing Phase I and II tank models have partially addressed the question of the footing
performance under normal operating loads and natural phenomena loadings. Additional analysis will
be needed to evaluate footing behavior under overload conditions because of the expected load
increases in the tank dome, sidewall, and footings for the gravel backfill alternative. A 2-D plane
strain model is suggested as shown in Figure A-5. The purpose for this model is to evaluate the load
deformation behavior of the footing and the underlying soils under overload conditions that will exist
shortly after closure.

Phase I studies reported that sensitivity studies showed considerable variation in the concrete
and reinforcing steel design margins for the footings dependent on the choice of the parameter for the
soil springs (subgrade modulus). This new modeling effort will focus on evaluating the ability of the
footing to perform its support function as it is loaded beyond the original design loadings. This
model will be used to study nonlinear concrete deformations in the footing due to concrete cracking
and rebar yielding; and the resulting load redistributions and deformations in the soils immediately
underlying the footing. Load deformation data from this model will be combined with the
information from the 3-D axisymmetric single tank model to develop the simplified tank models for
the 2-D tank farm cross-section model.
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Figure A-5. 2-D Plane Strain Footing Model.
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Model development should include test cases to be sure that adequate subdivision is made to
model the elasto-plastic and brittle concrete deformations in the tank footing. Boundaries must be
sufficiently remote to allow adequate modeling of inelastic deformation in the soils immediately below
the footings. Soil elements in the near-field to the concrete footing will have to include an
appropriate failure criterion. The Phase I and Phase II Hanford soil and concrete material models are
adequate for this analysis.

AS5.1.3 2-D Tank Farm Cross-Section Model

A prototypic 2-D cross-section model for a tank farm is shown in Figure A-6. The actual
number of tanks to be modeled may vary. The smallest SST tank farm is 241-AX with a 2 x 2 array
of tanks. The largest is tank farm 241-TX with a 5 x 4 array of tanks. A rationale will be developed
during model development demonstrating that the chosen model envelopes the various tank farm
configurations for consideration of differential settlement.

Based on the closure data package, the miscellaneous underground storage tanks, vaults, and
other ancillary features are going to be closed by pumping them full of grout. Because of the
physical configuration of these facilities, their potential for postclosure settlement after grouting will
be less than that of the larger SSTs and DSTs. Thus, the settlement analyses for the tank farms will
envelope these other facilities. Calculations considering foundation loadings, fill depths, and potential
settlements will be developed to support these simplifications as part of the tank closure structural
modeling effort.

A tank farm cross-section model will use many of the same inputs that were developed for
the single tank closure model. Parameter estimates for load-deformation characteristics of soils and
backfill will be the same based on the same field and laboratory soil studies. Sensitivity studies to
develop boundary conditions; for example, dimension "z" and stress and displacement influence
coefficients "Kyorizoma aNd Kierica" are similar to those for the single tank closure model. Horizontal
dimension "H" is, however, a different problem. One of the outputs of the sensitivity study on
dimension "H" is the required distance from the boundary of the tank farm to provide a stable
location for the elevation monument that will be used to monitor post-construction settlements of the
closed tank farm and Hanford Barrier. Surcharge loadings are also similar to those used for the
single tank closure model, with the exception that the thickness and weight of layer 9 will be a
function of the tank farm lateral extent, and expected settlements above and between tanks.

AS.2 FIELD AND LABORATORY DATA FOR STRUCTURAL MODEL VALIDATION

Field measurements of elastic rebound or heave during waste retrieval and treatment, and of
settlement during tank backfill and construction of the Hanford Barrier will ultimately provide
confirmatory data on settlement to support the decision for final closure and abandonment of the
Hanford tank farms. These measurements will be made using standard surveying techniques to obtain
the requisite accuracy and resolution. The purpose of the measurements is to provide assurance that
the Hanford Barriers will continue to perform their functions in the time period after abandonment
when active monitoring is no longer performed. Settlement of the tanks including the effects of
backfill must be evaluated, and settlement of the existing fill around the tanks must be evaluated.
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Figure A-6. 2-D Tank Farm Cross-Section Model.
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Two measurements are important for evaluating settlement of the tanks themselves and potential
impacts on the function of the Hanford Barrier; elevation at the center of the dome and elevation at
the side wall, a direct measure of footing elevations. In addition, measurements of elevations in the
existing fill between tanks will also be needed to assess the effect of fill settlements on prospective
Hanford Barrier performance. Thus, any development program for tank backfill and closure must
include adequate provisions for surveying elevations during waste retrieval, backfill placement, and
Hanford Barrier construction.

Considerable data are available from prior foundation investigations at Hanford. Test
borings and wells, and site-specific foundation excavations including New York type plate-bearing
tests (ASTM D1194) were included in the original site investigations for Hanford (du Pont 1945).
Plate-bearing test tables were erected and measurements taken for all of the main process facilities in
the 200 Areas, including the tank farms, which were identified at that time as "Buildings 241."
Stratigraphic information and test data from this work have yet to be considered for use in verifying
current soil models.

In addition, several major projects have been constructed in the 200 Areas during the last
10 years have similar data. Soil investigation reports for these projects were delivered to the
respective architect-engineers for each project:

Dames and Moore (1988)
Dames and Moore (1989)
Shannon and Wilson (1994a)
Shannon and Wilson (1994b).

With the exception of Shannon and Wilson (1994a), these reports are not entered into the
Hanford Site record system as official records. Available copies are generally personal copies or
departmental working copies. This information should formally be entered into the record system.

Laboratory and in-situ field test data from the above reports have not been reviewed and
compared to establish "expected values" for the most important soil strength and deformation
parameters needed for the structural modeling; nor has effort been made to establish the variability or
range of the expected values by means of statistical testing.

Additional technical information is available from the final safety analysis reports for the
WNP-2 and WNP-1 and 4 nuclear power projects in the Richland Public Library.
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B1.0 SCOPE

Appendix B (previously published as WHC-SD-WM-EL-005) has been prepared in support
of an ongoing engineering study to evaluate alternative methods for placing load-bearing fill in empty
Hanford SSTs as an aspect of tank closure. For the alternatives that specify natural aggregate as fill
material for the 100-Series tanks, large (i.e., greater than 10-cm [4-in.]) ITH items present
obstructions that would adversely affect fill placement. Provided is a tabulation of the numbers and
types of large ITH items in the 100-Series SSTs that need to be considered in cost-benefit assessments
for the engineering study.

B2.0 BACKGROUND

High-level radioactive waste has been produced at the Hanford Site since 1944 as a
by-product of processing spent nuclear fuel. From 1943 to 1964, 149 underground SSTs were built
for the storage of radioactive waste. These SSTs are located in 12 tank farms of 4 to 18 tanks each in
the 200 East and 200 West Areas. The SSTs were removed from service (i.e., no longer authorized
to receive waste) in 1980. Pumpable interstitial liquid and supernatant wastes are being removed
from SSTs and transferred to DSTs. The 149 SSTs currently contain 136,000 m® (36 Mgal) of waste
that will be removed prior to closure.

All tanks are constructed with a main concrete structure and an inner steel liner.
The 149 SSTs consist of 133 100-Series tanks and 16 200-Series tanks. The 100-Series SSTs range in
size from 2,000 m® (530,000 gal) to 3,800 m® (1 Mgal). During normal operations at the tank farm,
many operations required specialized equipment that was installed in the tank for procedures such as
pumping, mixing, cooling, heating, and observation. The ITH equipment must be considered when
planning the closure effort.

B3.0 APPROACH

This appendix is the product of a search of existing documentation (see Section B5.0,
References) concerning SST ITH. No attempt was made to physically verify the information
contained in the referenced documentation. The photos in many of theses documents were a main
source of information. Some photos are several years old; however, the ITH identified within tanks
was assumed to exist unless evidence of removal was found. Most ITH items are identified in more
than one reference. Draft references were used only to confirm information from released
documents. Occasionally, there were disagreements between references about the size of particular
ITH. When this occurred, the larger dimension is reported here. Additional ITH that is not
documented in the researched references, photos, and drawings may be present in the tanks.
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B4.0 ITH DESCRIPTIONS

The following is a description of all types of ITH that were identified during this study as greater than
10 cm (4 in.) in diameter. A general description of each type of item is provided, including how it
was used and if that information was available.

Table B-1 presents a listing, by tank, of the known ITH greater than 10 ¢m (4 in.) in diameter.
Air Inlet Sweeps:

Air inlet sweeps were used to direct air across the top of the waste. The air inlet sweeps consist of
large pipes, approximately 46 cm (18 in.) in diameter, extending down from the riser almost to the
top of the maximum waste level. At the bottom of the pipe, a steel plate is welded at an angle over
the bottom opening in the pipe. (241-BY, -C, -SX, -TX, and -TY tanks farms)

Air Lift Circulators (ALC):

ALCs were used to mix the waste to keep solids suspended in solution. There are three main types of
ALCs:

The first ACL type was installed through risers after tank construction. These may be found
in generation 1 or 2 tanks in groups of up to four. They consist of a truss structure to hold
up a larger steel pipe at the end. (241-BY, -SX and -TX tank farms)

The second ACL type was installed in second generation tanks as they were built, using guy
wires to hold them up. Generally they were installed in groups of up to four. They consist
mainly of large pipes of varying length, supported by the bottom of the tank, with guy wires
to help keep then upright. Small air lines, suspended at the dome, led to them.

(241-A Tank Farm)

The third ACL type was installed in the third generation tanks, and consist of large pipes of
varying length, supported by the bottom of the tank without guy wires, with smaller pipes
extending from the top of the large pipes to the tank dome. (241-AX Tank Farm)
Center Riser (Extensions):
Most center risers (large-diameter, open-ended pipes) do not protrude into the tank significantly, but
in 241-A Tank Farm, all center 107-cm (42-in.) risers protrude into the tank to the top of the steel
liner.

Corrosion Probes:

A corrosion probe is a pipe, approximately 15 cm (6 in.) in diameter, extending from the riser into
the waste. (241-S-108 Tank)
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Crust Breakers:

Crust breakers were used to break through the top crust on the waste in order to take measurements
or samples. Some were simply long steel pipes or rods, while others used an auger screw at the end.
(241-SX-104 Tank)

Dry Wells:

Dry wells were used to take radioactivity measurements. The dry wells mainly consisted of a pipe up
to 15 cm (6 in.) in diameter that was closed at the bottom end to prevent any waste from seeping in.
(241-A, -AX, and -S tank farms)

Heaters:

Steam Coils -

Steam coils were used in some tanks to heat the waste for various reasons. The steam coils
are basically a truss structure on top, leading up to a 102-cm (40-in.) diameter coil assembly
that would start at the top of the maximum waste line and extend several feet down.

(241-A and -AX tank farms)

Immersion Heaters -

Immersion heaters were basically 20-cm (8-in.) diameter electric heaters that performed the
same function as steam coils. (241-TX-114 Tank)

In-Tank Solidification Units (ITS):
ITSs were experimental and only used in a few tanks. Each one consists of a complex structure that
is approximately 97 cm (38 in.) in diameter extending from the dome to the waste. (241-BY-101,
-BY-102, and -BY-112 tanks)
Pumps:

Turbine Pumps -

The majority of the pumps in the tanks are of turbine-type construction. The turbine pumps
were used to transfer waste from one tank to another during normal tank operations. These
pumps are constructed with the motor above the riser connected to a pump shaft that
protrudes down into the tank inside a protective pipe, up to 20 cm (8 in.) diameter, that may
or may not be the passage for the pumped waste. At the bottom of the pump is the impeller
assembly that pumps the waste up and out of the tank.

Submersible Pumps -

Some pumps are the submersible type that can be lowered into the waste and generally sit
just below the waste surface with piping extending up through a riser.
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Heel Jet -
A heel jet is simply a jet pump, up to 30 cm (12 in.) in diameter, that was installed in the
center of some tanks to pump out the waste in the "heel," the dished portion of the center

tank bottom. This pump is structurally complicated and utilizes many smaller pipes inside a
large structural pipe.

(Pumps remain in 241-A, -AX, -BX, -BY, -C, -S, -SX, and -U tank farms.)
Salt Well Screen and Pumps:
Salt well pumps are used to pump liquid out of the tanks; the screens are used to keep solids out of
the pump impellers. The salt well screens are constructed of 25-cm (10 in.) pipe that leads to a
25-cm (10-in.) diameter screen at the bottom of the tank. The pumps most likely remain within the
salt well screens. (All farms and most 100-Series tanks have salt well screens.)

Self Concentrator:

The self concentrator consists of a cylindrical tank with piping and valving installed in the center riser
of Tank 241-SX-101, at least 91 ¢cm (36 in.) in diameter.

Sluicing Jets:

Sluicing Jets were used to free up sludge and other solids so that they could be pumped out of waste
tanks. They are essentially piping and a high-pressure water nozzle that can be rotated and positioned
to cover a large area of the tank. (241-A, -AX, and -BX tank farms)

Unidentified piping:

Various unidentified pipes remain in some tanks. (241-BY and -TX tank farms)
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Table B-1. Listing, by Tank, of the Known ITH
Greater than 10 cm (4 in.) in diameter. (sheet 1 of 3)

100-SERIES, SINGLE-SHELL TANK IN-TANK HARDWARE INVENTORY

| ISALTWELL | 1 AIR I | l
TANK ALC| SCREEN | PUMP | DRYWELL | INLET MISCELLANEOUS REFERENCE COMMENTS
200 East Area

241- A- 101 4 2 1 3|Steam coil (2), 12" pipe  [1,5.8
241- A- 102 4 1 1 158 A-Farm 42" center risers extend
241- A- 103 4 1 1 1.5 to top of steel liner.
241- A- 104 | 4 1 1 1{Steam coil 1
241- A- 105 4 1 1 1 1|Sluicing jet 1,57
241- A- 106 4 2 1 1
241- AX- 101 22 1 7 2|Steam coil, sluicing jet  [1,5,8 Saltwell screen planned
241- AX- 102] 22 1 1 7 1
241- AX- 103 | 22 1 7 1
241- AX- 104 | 22 1 7 2|Sluicing jets 1
241- B- 101 1 1.5
241- B- 102 1,5
241- B- 103 1 1.5
241- B- 104 1 15
241- B- 105 1 1.5
241- B- 106 1 1.5
241- B- 107 1 1,5
241- B- 108 1 1.5
241- B- 109 1 1.5
241- B- 110 2 1.5
241- B- 111 1 1,5
241- B- 112 1 1,5
241- BX- 101 1 1 1
241- BX- 102 1,5
241- BX- 103 1 1[Sluicing jet 15
241- BX- 104 1 1
241- BX- 105 2 1.5
241- BX- 106 1 15
241- BX- 107 1 1,5
241- BX- 108 1.5
241- BX- 109 1 1
241- B8X- 110 1 1.8
241- 8X- 111 2 158
241- BX- 112 2 1
241- 8Y- 101 1 1 1ITS-1 1.5
241- BY- 102 1 1 1[ITS-1 15,8
241- BY- 103 3 2 1.5.8
241- BY- 104 3 1 11 116" pipe (unidentified) 1.5
241- BY- 105 3 1 1] 16" pipe (unidentified) 158
241- BY- 106 3 1 1 1 1,58
241- BY- 107 3 1 1.5
241- BY-108| 3 1 15
241- BY- 109 1 158
241- BY- 110 3 1 15
241- BY- 111 3 2 15
241- BY- 112 1 1{ITS-2 1.5
241- C- 101 1 1 1
241- C- 102 1 158
241- C- 103 18
241- C- 104 1 1

B-6




WHC-SD-WM-ES-399, Rev. 0

Table B-1.

Listing, by Tank, of the Known ITH
Greater than 10 cm (4 in.) in diameter. (sheet 2 of 3)

100-SERIES, SINGLE-SHELL TANK IN-TANK HARDWARE INVENTORY

SALTWELL AR
TANK ALC|{ SCREEN | PUMP | DRYWELL | INLET MISCELLANEQUS REFERENCE COMMENTS
241 C- 105 18
241- C- 106 1.8
241- C- 107 1 18
241- C- 108 1 1
241- C- 108 1
241- C- 110 18
241- C- 111 1 1
241- C- 112 1 1
200 West Area
241- S- 101 3.5,8 Saltweli screen planned
241- S- 102 1 358
241- S- 103 1 358
241- S 104 1 3
241- S- 105 1 3.5
241- S- 106 1 358 2nd Saltweli screen planned
241- S- 107 1 3.58
241- S- 108 1 1|corrosion probe (6" pipe) |3.5.8
241- S- 109 1 3578 2nd Saltwell screen planned
241- S- 110 1 2|drywell 3,58
241- S- 111 1 1 358 2nd Saitweil screen planned
241- S- 112 1 35,8 2nd Saltwell screen planned
241- SX- 101 1| 1}Self concentrator 3,58 Saltwell screen planned
241- SX- 102 1 358
241- SX- 103 t 358 Discarded pump in waste
241- SX- 104 1 118" Crust Breaker 3,68
241- SX- 105 2 1 3,58 2nd Saltwell screen planned
241- SX- 106 2 358 3rd Saltwell screen planned
241- 8X- 107 4 1 3.5
241- SX- 108 4 1 1 3.5
241- SX- 109 4 35
241- SX- 110 4 1 3.5
241- SX- 111 4 1 3.5
241- SX- 112 4 1 3.5
241- SX- 113 4 1 3
241- SX- 114 41 3.5
241- SX- 115 4 3
241- T- 101 1 257
241- T- 102 1 2
241- T- 103 25
241- T- 104 1 28
241- T- 105 1 2
241- T- 106 2,5
241- T- 107 1 28
241- T- 108 25
241- T- 109 1 257
241- T- 110 28 Saltwell screen planned
241- T- 111 1 28
241- T- 112 258
241- TX- 101 1 25
241- TX- 102 3 1 25
241- TX- 103 1 25
241- TX- 104 2,5
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Table B-1.

Listing, by Tank, of the Known ITH
Greater than 10 cm (4 in.) in diameter. (sheet 3 of 3)

100-SERIES, SINGLE-SHELL TANK IN-TANK HARDWARE INVENTORY

SALTWELL AR

TANK ALC| SCREEN | PUMP | DRYWELL | INLET MISCELLANEOUS REFERENCE COMMENTS
241- TX- 105 1 2,5
241- TX- 106 2 1 25
241- TX- 107 25
241- TX- 108 1 25
241- TX- 109 1 25
241- TX- 110 3 1 1 25
241- TX- 111 2 1 1 25
241- TX- 112 1 1| 110" dia. pipe (LOW) 25
241- TX- 113 3 1 1 2,5
241- TX- 114 3 1 1 1|lmmersion heater 25
241- TX- 115 2 1 2.5
241- TX- 116 2 25
241- TX- 117 1 1{8" pipe (unidentified) 2.5
241- TX- 118 2.5
241- TY- 101 1 25
241- TY- 102 1 2,5
241- TY- 103 1 25
241- TY- 104 2
241- TY- 105 1 25
241- TY- 106 2
241- U- 101 35
241~ U- 102 1 358 Saltwell screen ptanned
241- U- 103 358 Saitwell screen planned
241- U- 104 3.5
241- U- 105 1 1 358 2nd Saltwell screen planned
241- U- 106 1 358 Saltwell screen planned
241- U- 107 1 358 Saltwell screen planned
241- U- 108 1 358 Saltwell screen planned
241- U- 109 358 Saltwelt screen planned
241- U- 110 2 3.8
241- U- 1M 3.5.8 Saltwell screen planned
241- U- 112 1 35

TOTAL 192 93| 28 34] 1423 18 planned saitwell screens
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APPENDIX C

THE 75-FT SINGLE-SHELL TANKS WITHOUT 42-IN.-DIAMETER CENTRAL RISERS
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Nom. Capacity Nom. Capacity
Tank (kgal) Tank (kgal)
AX-101 1,000 C-105 533
AX-102 1,000 C-106 533
AX-103 1,000 C-107 533
AX-104 1,000 C-108 533
B-101 533 C-109 533
B-102 533 C-110 533
B-103 533 C-111 533
B-104 533 C-112 533
B-105 533 T-101 533
B-106 533 T-102 533
B-107 533 T-103 533
B-108 533 T-104 533
B-109 533 T-105 533
B-110 533 T-106 533
B-111 533 T-107 533
B-112 533 T-108 533
BX-101 533 T-109 533
BX-102 533 T-110 533
BX-103 533 T-111 533
BX-104 533 T-112 533
BX-105 533 U-101 533
BX-106 533 U-102 533
BX-107 533 U-103 533
BX-108 533 U-104 533
BX-109 533 U-105 533
BX-110 533 U-106 533
BX-111 533 U-107 533
BX-112 533 U-108 533
C-101 533 U-109 533
C-102 533 U-110 533
C-103 533 U-111 533
C-104 533 U-112 533

Krieg, S. A., W. W. Jenkins, K. J. Leist, K. G. Squires, and J. E. Thompson, 1990, Single-Shell
Tank Waste Retrieval Study, WHC-EP-0352, Westinghouse Hanford Company, Richland,
Washington.
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APPENDIX D

WORKER EXPOSURE ESTIMATES FOR
TANK-FILL ALTERNATIVES
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Grav:l Fll: Alterpative m‘;\e‘{ﬁﬁ%&) P%ngg:eder i?ﬁg 1:1;2 Tauéc?%:ns
A Tank Farm -- 6 1-Mgal Tanks
Remove in-tank hardware (4.f) 1.7 3 252.00 34.93
Incidental grout fill (4.b) 2.5 2 1.33 0.04
Incidental gravel fill (4.b) 2.5 2 7.75 0.23
Install gravel fill equipment (4.d) 1.7 3 8.00 1.11
Remove gravel fill equipment (4.d) 2.5 3 4.00 0.18
Set up gravel conveyance (4.e) 2.5 2 5.00 0.15
Move gravel conveyance (4.e) 2.5 2 4.00 0.12
Fill tank with gravel (4.a) 2.5 2 194.10 5.82
Construct engineered barrier (farm) (4.g) 2.5 2 73.76 0.37
A TANK FARM TOTAL 42.95
AX Tank Farm -- 4 1-Mgal Tanks
Remove in-tank hardware (4.f) 1.7 3 252.00 23.28
Incidental grout fill (4.b) 2.5 2 1.32 0.03
Incidental gravel fill (4.b) 2.5 2 7.67 0.23
Install risers (4.c) 7.7 3 276.00 25.50
Install gravel fill equipment (4.d) 1.7 3 8.00 0.74
Remove gravel fill equipment (4.d) 2.5 3 4.00 0.12
Set up gravel conveyance (4.¢) 2.5 2 5.00 0.10
Move gravel conveyance (4.¢) 2.5 2 4.00 0.08
Fill tank with gravel (4.a) 2.5 2 194.10 3.88
Construct engineered barrier (farm)(4.g) 2.5 2 52.62 0.26
AX TANK FARM TOTAL 54.23
B Tank Farm -- 12 530-Kgal Tanks
Remove in-tank hardware (4.f) 7.7 3 252.00 69.85
Incidental grout fill (4.b) 2.5 2 0.38 0.02
Incidental gravel fill (4.b) 2.5 2 1.83 Q.11
Install risers (4.c) 7.7 3 276.00 76.51
Install gravel fill equipment (4.d) 7.7 3 8.00 222
Remove grave] fill equipment (4.d) 2.5 3 4.00 0.36
Set up gravel conveyance (4.¢) 2.5 2 5.00 0.30
Move gravel conveyance (4.e) 2.5 2 4.00 0.24
Fill tank with gravel (4.a) 2.5 2 102.87 6.17
Construct engineered barrier (farm) (4.g) 2.5 2 164.88 0.82
SUM 156.61
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Gravel Fill' Alternative m‘;‘m&) Pgr)sigg:cder %tgzr;l‘im? Tanéto I:grm
Lo Closure Task(l) Ia-ils(ﬁ__l_.mae)_‘l | (person/rem)(5) |
B Tank Farm -- 4 55-Kgal Tanks
(with the gravel alternative 55-Kgal tanks
will be filled with grout)
Install grout fill equipment (4.d) 7.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.e) 2.5 2 2,00 0.04
Move grout conveyance (4.e) 2.5 2 2.00 0.04
Fill tank with grout (4.a) 2.5 2 17.75 0.35
SUM 0.65

B TANK FARM TOTAL 157.26
BX Tank Farm - 12 530-Kgal Tanks
Remove in-tank hardware (4.f) 7.7 3 252.00 69.85
Incidental grout fill (4.b) 2.5 2 0.31 0.02
Incidental gravel fill (4.b) 2.5 2 1.46 0.09
Install risers (4.c) 7.7 3 276.00 76.51
Install gravel fill equipment (4.d) 7.7 3 8.00 2.22
Remove gravel fill equipment (4.d} 2.5 3 4.00 0.36
Set up gravel conveyance (4.e) 2.5 2 5.00 0.30
Move gravel conveyance (4.e) 2.5 2 4.00 0.24
Fill tank with gravel (4.a) 2.5 2 102.87 6.17
Construct engineered barrier (farm) (4.g) 2.5 2 135.38 0.68

BX TANK FARM TOTAL 156.43
BY Tank Farm -- 12 758-Kgal Tanks
Remove in-tank hardware (4.f) 7.7 3 252.00 69.85
Incidental grout fill (4.b) 2.5 2 0.31 0.02
Incidental gravel fill (4.b) 2.5 2 1.46 0.09
Install gravel fill equipment (4.d) 1.7 3 8.00 2.22
Remove gravel fill equipment (4.d) 2.5 3 4.00 0.36
Set up gravel conveyance (4.e) 2.5 2 5.00 0.30
Move gravel conveyance (4.¢) 2.5 2 4.00 0.24
Fill tank with gravel (4.a) 2.5 2 147.13 8.83
Construct engineered barrier (farm) (4.g) 2.5 2 137.25 0.69

BY TANK FARM TOTAL 82.59
C Tank Farm -- 12 530-Kgal Tanks
Remove in-tank hardware (4.f) 1.7 3 252.00 69.85
Incidental grout fill (4.b) 2.5 2 2.29 0.14




WHC-SD-WM-ES-399, Rev. 0

Gravel Fill Alternative Averag&) Pg)szi(:% . itggrg‘lm: Tan[l)(oggrm
Clogiire Task(l) T m@é___mmmma_
Incidental gravel fill (4.b) 2.5 2 1.83 Q.11
Install risers (4.c) 1.7 3 276.00 76.51
Install gravel fill equipment (4.d) 7.7 3 8.00 2.22
Remove gravel fill equipment (4.d) 2.5 3 4.00 0.36
| Set up gravel conveyance (4.e) 2.5 2 5.00 0.30
Move gravel conveyance (4.e) 2.5 2 4.00 024
Fill tank with gravel (4.2) 2.5 2 102.87 6.17
Construct engineered barrier (farm) (4.g) 2.5 2 168.80 0.84
SUM 156.74
C Tank Farm -- 4 55-Kgal Tanks
(with the fravel alternative, 55-Kgal tanks
w111 be filled with grout)
Install grout fill equipment (4.d) 7.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.e) 2.5 2 2.00 0.04
’ﬂove grout conveyance (4.¢) 2.5 2 2.00 0.04
Fill tank with grout (4.2) 2.5 2 17.75 0.35
SuM 0.65
C TANK FARM TOTAL 157.39
S Tank Farm -- 12 758-Kgal Tanks
Remove in-tank hardware (4.f) 7.7 3 252.00 69.85
Incidental grout fill (4.b) 2.5 2 0.31 0.02
Incidental gravel fill (4.b) 2.5 2 1.46 0.09
Install gravel fill equipment (4.d) 7.7 3 8.00 2.22
Remove grave] fill equipment (4.d) 2.5 3 4.00 .36
Set up gravel conveyance (4.€) 2.5 2 5.00 9.30
Move gravel conveyance (4.€) 2.5 2 4.00 0.24
Fill tank with gravel (4.a) 2.5 2 147.13 8.83
Construct engineered barrier (farm) (4.g) 2.5 2 138.89 0.69
S TANK FARM TOTAL 82.60
SX Tank Farm -- 15 1-Mgal Tanks
Remove in-tank hardware (4.f) 7.7 3 252.00 87.32
Incidental grout fill (4.b) 2.5 2 0.31 0.02
Incidental gravel fill (4.b) 2.5 2 1.46 0.11
Install gravel fill equipment (4.d) 1.7 3 8.00 2.77
Remove gravel fill equipment (4.d) 2.5 3 4.00 0.45
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Gravel Fill Alternative Average Person:ed . %tgzrgimf ’I‘ansc };eann
| o Closure Task(l) i) akh | Tank(h | (personremi(s) |
Set up gravel conveyance (4.¢) 2.5 2 5.00 0.38 |
Move gravel conveyance (4.€) 2.5 2 4.00 0.30
Fill Tank with gravel (4.a) 2.5 2 194.10 14.56
Construct engineered barrier (farm) (4.g) 2.5 2 171.01 0.86
SX TANK FARM TOTAL 106.76
T Tank Farm - 12 530-Kgal Tanks
Remove in-tank hardware (4.f) 1.7 3 252.00 69.85
Incidental grout fill (4.b) 2.5 2 2.29 0.14
Incidental gravel fill (4.b) 2.5 2 1.83 0.11
Install risers (4.¢) 7.7 3 276.00 76.51
Install gravel fill equipment (4.d) 1.7 3 8.00 2.22
Remove gravel fill equipment (4.d) 2.5 3 4.00 0.36
| Set up gravel conveyance (4.e) 2.5 2 5.00 0.30
Move gravel conveyance (4.€) 2.5 2 4.00 0.24
Fill tank with gravel (4.a) 2.5 2 102.87 6.17
Construct engineered barrier (farm) (4.g) 2.5 2 164.88 0.82
SUM 156.72
T Tank Farm -- 4 55-Kgal Tanks
(with the gravel alternative, 55-Kgal tanks
w1ll be ﬁl%ed with grout)
Install grout fill equipment (4.d) 7.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.€) 2.5 2 2.00 0.04
| Move grout conveyance (4.¢) 2.5 2 2.00 0.04
Fill tank with grout (4.2) 2.5 2 17.75 0.35
SUM 0.65
T TANK FARM TOTAL 157.37
TX Tank Farm -- 18 758-Kgal Tanks
Remove in-tank hardware (4.f) 7.7 3 252.00 104.78
Incidental grout fill (4.b) 2.5 2 0.36 0.03
Incidental gravel fill (4.b) 2.5 2 1.70 0.15
Install gravel fill equipment (4.d) 1.7 3 8.00 3.33
Remove gravel fill equipment (4.d) 2.5 3 4.00 0.54
Set up gravel conveyance (4.¢) 2.5 2 5.00 0.45
Move gravel conveyance (4.e) 2.5 2 4.00 0.36
Fill tank with gravel (4.a) 2.5 2 147.13 13.24
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Gravel Fill Alternative Average Pgr:gg:mer %tgly‘r;rimf Tanécolgglm
Closure Task(1) mrem/r@d) | Tas Tank(d) | (person/rem)(s). ]

Construct engineered barrier (farm) (4.g) 2.5 2 22247 111

TX TANK FARM TOTAL 124.00
TY Tank Farm -- 6 758-Kgal Tanks
Remove in-tank hardware (4.f) 1.7 3 252.00 34.93
Incidental grout fill (4.b) 2.5 2 0.27 0.01
Incidental gravel fill (4.b) 2.5 2 2.12 0.06
Install gravel fill equipment (4.d) 1.7 3 8.00 1.11
Remove gravel fill equipment (4.d) 2.5 3 4.00 0.18
Set up gravel conveyance (4.€) 2.5 2 5.00 0.15
Move gravel conveyance (4.€) 2.5 2 4.00 0.12
Fill tank with gravel (4.a) 2.5 2 147.13 4.41
Construct engineered barrier (farm) (4.g) 2.5 2 74.64 0.37

TY TANK FARM TOTAL 41.34
U Tank Farm -- 12 530-Kgal Tanks
Remove in-tank hardware (4.f) N 3 252,00 69.85
Incidental grout fill (4.b) 2.5 2 2.29 0.14
Incidental gravel fill (4.b) 2.5 2 1.83 0.11
Install risers (4.¢) 7.7 3 276.00 76.51
Install gravel fill equipment (4.d) 7.7 3 8.00 2.22
Remove gravel fill equipment (4.d) 2.5 3 4.00 0.36
Set up gravel conveyance (4.€) 2.5 2 5.00 0.30
Move gravel conveyance (4.¢) 25 2 4.00 0.24
Fill tank with gravel (4.2) 2.5 2 102,87 617
Construct engineered barrier (farm) (4.g) 2.5 2 160.84 0.80

SUM 156.70
U Tank Farm -- 4 55-Kgal Tanks
(with the gravel alternative, 55-Kgal tanks
will be filled with grout)
Install grout fill equipment (4.d) 1.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 Q.03
Set up grout convevance (4.¢) 2.5 2 2.00 Q.04
Move grout conveyance (4.¢) 2.5 2 2.00 0.04
Fill tank with grout (4.2) 2.5 2 17.75 0.35
SUM 0.65

U TANK FARM TOTAL 157.35

TOTAL FOR ALL TANK FARMS 1,320.28
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Gravel Fill Assumptions/Constants Valug
Gravel fill rate (m*hr) 31.2
Incidental grout fill rate (m*/hr) 30
Pit regime (mrem/hr) 7.7
East tank farm regime (mrem/hr) 2.5
West tank farm regime (mrem/hr) 0.05
Persons to perform pit work 3
Persons to perform non-pit work 2
Hours to install riser/tank 276
Hours to install gravel fill equipment/tank 8
Hours to remove gravel fill equipment/tank 4
Hours to install gravel conveyances/tank S
Hours to move gravel conveyances/tank 4
Hours to perform gravel prep work/tank 252
Hours to level for engineered barrier/m’ 0.01
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Grout Fill and Concrete Fill Alternatives

Exposed I Stay Time

Tank Farm

i Tk mgfiﬁ%fz) Pe{sgsc:n&(sger hours E4er Dose
A Tank Farm -- 6 1-Mgal Tanks
| Crimp overflow lines (4.g) S 2 10 0.1
Incidental grout fill (4.b) 2.5 2 1.33 0.04
Incidental gravel fill (4.b) 2.5 2 7.75 0.23
Install grout fill equipment (4.d) 1.7 3 2.00 0.28
Remove grout fill equipment (4.d) 2.5 3 1.00 0.05
Set up grout conveyance (4.¢) 2.5 2 2.00 0.06
Move grout convevance (4.e) 2.5 2 2.00 0.06
Fill tank with grout (4.a) 2.5 2 201.87 6.06
Construct engineered barrier (farm) (4.g) 2.5 2 73.76 0.37
A TANK FARM TOTAL 7.24
AX Tank Farm -- 4 1-Mgal Tanks
| Crimp overflow lines (4.g) 0 0 .00 0.00
Incidental grout fill (4.b) 2.5 2 1.32 0.03
Incidental gravel fill (4.b) 2.5 2 7.67 0.15
Install grout fill equipment (4.d) 7.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.e) 2.5 2 2.00 0.04
Move grout conveyance (4.€) 2.5 2 2.00 0.04
Fill tank with grout (4.a) 2.5 2 201.87 4.04
Construct engineered barrier (farm)(4.g) 2.5 2 52.62 .26
AX TANK FARM TOTAL 4.78
B Tank Farm -- 12 530-Kgal Tanks
| Crimp overflow lines (4.g) S 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.38 0.02
Incidental gravel fill (4.b) 2.5 2 1.83 0.11
Install grout fill equipment (4.d) 7.7 3 2.00 0.55
Remove grout fill equipment (4.d) 2.5 3 1.00 0.09
Set up grout conveyance (4.€) 2.5 2 2.00 0.12
Move grout conveyance (4.e) 2.5 2 2.00 0.12
Fill tank with grout (4.a) 2.5 2 106.99 6.42
Construct engineered barrier (farm) (4.g) 2.5 2 164.88 0.82
SUM 8.42
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Grout ‘Fill and Concrete Fill ‘Alternatives Average PeEr,;gg:eder %tgar:‘inenrc Tanéc Farm
| Closue Task(l) moemhi2) | TRk | ek | Gersontemys)
B Tank Farm -- 4 55-Kgal Tanks
Install grout fill equipment (4.d) 7.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.€) 2.5 2 2.00 0.04
Move grout conveyance (4.€) 2.5 2 2.00 0.04
|_Fill tank with grout (4.a) 2.5 2 17.75 0.35
SUM 0.65
B TANK FARM TOTAL 9.07
BX Tank Farm -- 12 530-Kgal Tanks
| Crimp overflow lines (4.g) b 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.31 0.02
Incidental gravel fill (4.b) 2.5 2 1.46 0.09
Install grout fill equipment (4.d) N 3 2.00 0.55
Remove grout fill equipment (4.d) 2.5 3 1.00 0.09
Set up grout conveyance (4.¢) 2.5 2 2.00 0.12
Move grout convevance (4.e) 2.5 2 2.00 0.12
Fill tank with grout (4.a) 2.5 2 106.99 6.42
Construct engineered barrier (farm) (4.g) 2.5 2 135.38 0.68
BX TANK FARM TOTAL 8.25
BY Tank Farm -- 12 758-Kgal Tanks
| Crimp overflow lines (4.g) 5 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.31 0.02
Incidental gravel fill (4.b) 2.5 2 1.46 0.09
Install grout fill equipment (4.d) 1.7 3 2.00 0.55
Remove grout fill equipment (4.d) 2.5 3 1.00 0.09
Set up grout conveyance (4.€) 2.5 2 2.00 0.12
Move grout conveyance (4.¢) 2.5 2 2.00 0.12
Fill tank with grout (4.a) 2.5 2 153.01 9.18
Construct engineered barrier (farm) (4.g) 2.5 2 137.25 0.46
BY TANK FARM TOTAL 10.79
C Tank Farm -- 12 530-Kgal Tanks
Crimp overflow lines (4.g) 5 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.38 0.02
Incidental gravel fill (4.b) 2.5 2 1.83 0.11
Install grout fill equipment (4.d) 7.7 3 2.00 0.55
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Grout Fill and: Conerete Fill Alternatives Average szgg:eder %t:l}l'r ;I‘im: Tanll)£ Farm
osure Task(] meemhi) | o | Tkl | (ersonromis)
Remove grout fill equipment (4.d) 2.5 3 1.00 0.09
Set up _grout conveyance (4.¢) 25 2 2.00 0.12
Move grout conveyance (4.e) 2.5 2 2.00 0.12
Fill tank with grout (4.a) 2.5 2 106.99 6.42
Construct engineered barrier (farm) (4.g) 2.5 2 168.80 0.84
SUM 8.28
C Tank Farm -- 4 55-Kgal Tanks
Install grout fill equipment (4.d) 17 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.¢) 2.5 2 2.00 0.04
Move grout conveyance (4.¢) 2.5 2 2.00 0.04
Fill tank with grout (4.a) 2.5 2 17.75 0.35
SUM 0.65
C TANK FARM TOTAL 8.93
| S Tank Farm — 12 758-Kgal Tanks
Crimp overflow lines (4.2) 5 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.31 0.02
Incidental gravel fill (4.b) 2.5 2 1.46 0.09
Install grout fill equipment (4.d) 1.7 3 2.00 0.55
Remove grout fill equipment (4.d) 2.5 3 1.00 0.09
Set up grout conveyance (4.¢) 2.5 2 2.00 0.12
Move grout conveyance (4.¢) 2.5 2 2.00 0.12
Fill tank with grout (4.a) 2.5 2 153.01 9.18
Construct engineered barrier (farm) (4.g) 2.5 2 138.89 0.69
S TANK FARM TOTAL 11.03
SX Tank Farm -- 15 1-Mgal Tanks
Crimp overflow lines (4.g) 5 2 20.00 0.20
Incidental grout fill (4.b) 2.5 2 0.76 0.06
Incidental gravel fill (4.b) 2.5 2 3.65 0.27
Install grout fill equipment (4.d) 7.7 3 2.00 0.69
Remove grout fill equipment (4.d) 2.5 3 1.00 g.11
Set up grout conveyance (4.e) 2.5 2 2.00 0.15
Move grout conveyance (4.¢) 2.5 2 2.00 0.15
Fill Tank with grout (4.a) 2.5 2 201.87 15.14
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Grout Fill and. Concrete Fill Alternatives Stay Time—l Tank Farm

Average

Closiie Tas mtem/he(2) holirs per . Dose 5

Construct engineered barrier (farm) (4.g) 2.5 171.01 0.86

SX TANK FARM TOTAL 17.43
T Tank Farm -- 12 530-Kgal Tanks
Crimp overflow lines (4.g) 5 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.38 0.02
Incidental gravel fill (4.b) 2.5 2 1.83 Q.11
Install grout fill equipment (4.d) 7.7 3 2.00 0.55
Remove grout fill equipment (4.d) 2.5 3 1.00 0.09
Set up grout conveyance (4.e) 2.5 2 2.00 0.12
Move grout conveyance (4.e) 2.5 2 2.00 0.12
Fill tank with grout (4.a) 2.5 2 106.99 6.42
Construct engineered barrier (farm) (4.g) 2.5 2 164.88 0.82

SUM 8.42
T Tank Farm -- 4 55-Kgal Tanks
Install grout fill equipment (4.d) 1.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.e) 2.5 2 2.00 0.04
Move grout conveyance (4.e) 2.5 2 2.00 0.04
Fill tank with grout (4.a) 2.5 2 17.75 0.35
SUM 0.65

T TANK FARM TOTAL 9.07
TX Tank Farm -- 18 758-Kgal Tanks
Crimp overflow lines (4.8) 5 2 26.00 0.26
Incidental grout fill (4.b) 2.5 2 0.53 0.05
Incidental gravel fill (4.b) 2.5 2 2.56 0.23
Install grout fill equipment (4.d) 7.7 3 2.00 0.83
Remove grout fill equipment (4.d) 2.5 3 1.00 0.14
Set up grout conveyance (4.€) 2.5 2 2.00 0.18
Move grout conveyance (4.e) 2.5 2 2.00 0.18
Fill tank with grout (4.a) 2.5 2 153.01 13.77
Construct engineered barrier (farm) (4.g) 2.5 2 222.47 1.11

TX TANK FARM TOTAL 16.75
TY Tank Farm -- 6 758-Kgal Tanks
Crimp overflow lines (4.g) 5 2 6.00 0.06
Incidental grout fill (4.b) 2.5 2 0.27 0.01
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Grout Fill and Concrete Fill Alternatives Average Pg,;gg:eder il:\};rsﬁlgf Tan]l)(ol::ﬂn
. Closure Task(1) mrem/in(D) L&Mﬂ_w
Incidental gravel fill (4.b) 2.5 2 2.12 0.06
Install grout fill equipment (4.d) 1.7 3 2.00 0.28
Remove grout fill equipment (4.d) 2.5 3 1.00 0.05
Set up grout conveyance (4.¢) 2.5 2 2.00 0.06
Move grout conveyance (4.¢) 2.5 2 2.00 0.06
Fill tank with grout (4.2) 2.5 2 201.87 6.06
Construct engineered barrier (farm) (4.g) 2.5 2 74.64 0.37
TY TANK FARM TOTAL 7.00
U Tank Farm -- 12 530-Kgal Tanks
Crimp overflow lines (4.g) S 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.38 0.02
Incidental gravel fill (4.b) 2.5 2 1.83 0.11
Install grout fill equipment (4.d) 1.7 3 2.00 0.55
Remove grout fill equipment (4.d) 2.5 3 1.00 0.09
Set up grout conveyance (4.e) 2.5 2 2.00 0.12
Move grout convevance (4.e) 2.5 2 2.00 0.12
Fill tank with grout (4.2) 2.5 2 106.99 6.42
Construct engineered barrier (farm) (4.2) 2.5 2 164.88 0.82
SUM 8.42
U Tank Farm -- 4 55-Kgal Tanks
Install grout fill equipment (4.d) 7.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set_up grout convevance (4.e) 2.5 2 2.00 0.04
Move grout conveyance (4.€) 2.5 2 2.00 0.04
|_Fill tank with grout (4.a) 2.5 2 17.75 0.35
SUM 0.65
U TANK FARM TOTAL 9.07
TOTAL FOR ALL TANK FARMS 119.40
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Grout. Fill' Assumptions/Constants Value
Grout fill rate (m’/hr) 30
Incidental gravel fill rate (m*hr) 31.2
Pit regime (mrem/hr) 17
East tank farm regime (mrem/hr) 2.5
West tank farm regime (mrem/hr) 0.05
Hours to level for engineered barrier/m2 0.01

Persons to perform pit work

Persons to perform non-pit work
Hours to install grout fill equipment/tank
Hours to remove grout fill equipment/tank

Hours to install grout conveyances/tank
Hours to move grout conveyances/tank 1.
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Hybrid Fill Alternative Average pg‘)s{gg:eder %Iayr;l'ing Tan]l)&o F:rm
Closure Task(1) miren/hr(2) ;L@Jﬁ?g ﬂlﬂk&_ (person I?em] (5)
A Tank Farm -- 6 1-Mgal Tanks
Crimp overflow lines (4.g) S 2 10.00 0.10
Incidental grout fill (4.b) 2.5 2 1.33 0.04
Incidental gravel fill (4.b) 2.5 2 7.75 0.23
Install hybrid grout fill equipment (4.d) 7.7 3 2.00 0.28
Remove hybrid grout fill equipment (4.d) 7.7 3 1.00 0.14
Install hybrid aggregate equipment (4.d) 1.7 3 8.00 1.11
Remove hybrid agg. fill equipment (4.d) 7.7 3 4.00 0.55
Set up hybrid grout conveyance (4.¢) 2.5 2 3.00 0.09
Move hybrid grout conveyance (4.¢) 2.5 2 2.00 0.06
Set up hybrid aggregate conveyance (4.€) 2.5 2 5.00 0.15
Move hybrid aggregate conveyance (4.€) 2.5 2 4.00 0.12
Fill tank with hybrid grout (4.a) 2.5 2 111.03 3.33
Fill tank with hybrid aggregate (4.a) 2.5 2 87.35 2.62
Construct engineered barrier (farm) (4.g) 2.5 2 73.76 0.37
A TANK FARM TOTAL 9.19
AX Tank Farm -- 4 1-Mgal Tanks
Crimp overflow lines (4.g) 1] 0 0.00 0.00
Incidental grout fill (4.by 2.5 2 1.32 0.03
Incidental gravel fill (4.b) 2.5 2 71.67 0.15
Install risers (4.c) 1.7 3 276.00 25.50
Install hybrid grout fill equipment (4.d) 7.7 3 2.00 0.18
Remove hybrid grout fill equipment (4.d) 1.7 3 1.00 0.09
Install hybrid aggregate equipment (4.d) 7.7 3 8.00 0.74
Remove hvbrid agg. fill equipment (4.d) 7.7 3 4.00 0.37
Set up hybrid grout convevance (4.¢) 2.5 2 3.00 0.06
Move hybrid grout conveyance (4.¢) 2.5 2 2.00 0.04
Set up hybrid aggregate conveyance (4.¢) 2.5 2 5.00 0.10
Move hybrid aggregate conveyance (4.e) 2.5 2 4.00 0.08
Fill tank with hybrid grout (4.2) 2.5 2 111.03 2.22
Fill tank with hybrid aggrepate (4.2) 2.5 2 87.35 1.75
Construct engineered barrier (farm) (4.g) 2.5 2 52.62 0.26
AX TANK FARM TOTAL 31.58
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Hybrid Fill A:temame Averag&) P%%,::eder %tgl}!:r ;I‘ngﬁ T;sangoggrm
B Tank Farm -- 12 530-Kgal Tanks
Crimp overflow lines (4.g) 5 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.38 0.02
Incidental grave! fill (4.b) 2.5 2 1.83 0.11
Install risers (4.c) 7.7 3 276.00 76.51
Install hybrid grout fill equipment (4.d} 1.7 3 2.00 0.55
Remove hybrid grout equipment (4.d) 1.7 3 1.00 0.28
Install hybrid aggregate equipment (4.d) 7.7 3 8.00 2.22
Remove hybrid agg. fill equipment (4.d) 1.7 3 4.00 1.11
Set up hybrid grout conveyance (4.€) 2.5 2 3.00 0.18
Move hybrid grout conveyance (4.¢) 2.5 2 2.00 0.12
Set up hybrid aggregate conveyance (4.¢) 2.5 2 5.00 0.30
Move hybrid aggregate conveyance (4.€) 2.5 2 4.00 0.24
Fill tank with hvbrid grout (4.a) 2.5 2 58.84 3.53
Fill tank with hybrid aggregate (4.a) 2.5 2 46.29 2.78
Construct engineered barrier (farm) (4.¢) 2.5 2 164.88 0.82
SUM 88.93
B Tank Farm -- 4 55-Kgal Tanks
(with hybrid alternative, 55-Kgal tanks
will be filled with grout)
Install grout fill equipment (4.d) 7.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.e) 2.5 2 2.00 0.04
| Move grout conveyance (4.¢) 2.5 2 2.00 0.04
Fill tank with grout (4.a) 2.5 2 17.75 0.35
SUM 0.65
B TANK FARM TOTAL 89.58
BX Tank Farm -- 12 530-Kgal Tanks
| Crimp overflow lines (4.g) 5 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.31 0.02
Incidental gravel fill (4.b) 2.5 2 1.46 0.09
Install risers (4.c) 1.7 3 276.00 76.51
Install hybrid grout fill equipment (4.d) 1.7 3 2.00 0.55
| Remove hybrid grout fill equipment (4.d) 7.7 3 1.00 0.28
Install hybrid aggrepate equipment (4.d) 1.7 3 8.00 2.22
Remove hybrid agg. fill equipment (4.d) 7.7 3 4.00 1.11
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Hybrid Fill Alternative Average P;Eiégosecl %1:‘}; Time Tanll)go l::nn
Closure Task(1) meen/) | kR | Tkl | cersonjremis) |
Set up hybrid grout conveyance (4.e) 2.5 2 3.00 0.18
Move hybrid grout conveyance (4.e) 2.5 2 2.00 0.12
Set up hybrid aggregate conveyance (4.¢) 2.5 2 5.00 0.30
Move hybrid aggregate conveyance (4.e) 2.5 2 4.00 0.24
Fill tank with hybrid grout (4.a) 2.5 2 58.84 3.53
Fill tank with bybrid aggregate (4.a) 2.5 2 46.29 2.78
Construct engineered barrier (farm) (4.g) 2.5 2 135.38 0.68
BX TANK FARM TOTAL 88.76
BY Tank Farm -- 12 758-Kgal Tanks
Crimp overflow lines (4.2) 5 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.31 0.02
Incidental gravel fill (4.b) 2.5 2 1.46 0.09
Install hybrid grout fill equipment (4.d) 7.7 3 2.00 0.55
Remove hybrid grout equipment (4.d) 7.7 3 1.00 0.28
Install hybrid aggregate equipment (4.d) 1.7 3 8.00 2.22
Remove hybrid agg. fill equipment (4.d) 7.7 3 4.00 1.11
Set up hybrid grout conveyance (4.¢) 2.5 2 3.00 0.18
Move hybrid grout conveyance (4.€) 2.5 2 2.00 0.12
Set up hybrid aggregate conveyance (4.€) 2.5 2 5.00 0.30
Move hybrid aggregate conveyance (4.¢) 2.5 2 4.00 0.24
Fill tank with hybrid grout (4.a) 2.5 2 84.16 5.05
Fill tank with hybrid aggregate (4.a) 2.5 2 66.21 3.97
Construct engineered barrier (farm) (4.g) 2.5 2 137.25 0.69
BY TANK FARM TOTAL 14.97
C Tank Farm -- 12 530-Kgal Tanks
Crimp overflow lines (4.g) 5 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.38 0.02
Incidental gravel fill (4.b) 2.5 2 1.83 0.11
Install risers (4.¢) 7.7 3 276.00 76.51
Install hybrid grout fill equipment (4.d) 7.7 3 2.00 0.55
Remove hybrid grout fill equipment (4.d) 17 3 1.00 0.28
Install hvbrid aggregate equipment (4.d) 7.7 3 8.00 2.22
Remove hybrid agg. fill equipment (4.d) 1.7 3 4.00 1.11
Set up hybrid grout conveyance (4.€) 2.5 2 3.00 0.18
Move hybrid grout conveyance (4.¢) 2.5 2 2.00 0.12
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Hybrid Fill Alternative Average I Pfr};g::eder %tgl};rs Tix;xg ngoggm
| Closure Task(1) mrem/hir(2) Iﬁﬂs&l o 5
Set up hybrid aggregate conveyance (4.€) 2.5 2 5.00 0.30
Move hybrid aggregate conveyance (4.e) 2.5 2 4.00 0.24
Fill tank with hybrid grout (4.a) 2.5 2 58.84 3.53
Fill tank with hybrid aggrepate (4.2) 2.5 2 46.29 2.78
Construct engineered barrier (farm) (4.g) 2.5 2 168.80 0.84
SUM 88.95
C Tank Farm -- 4 55-Kgal Tanks
(with the hybrid alternative, 55-Kgal tanks
will be filled with grout)
Install grout fill equipment (4.d) 1.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.e) 2.5 2 2.00 0.04
Move grout conveyance (4.¢) 2.5 2 2.00 0.04
Fil] tank with grout (4.a) 2.5 2 17.75 0.00
SUM 0.29
C TANK FARM TOTAL 89.24
S Tank Farm -- 12 758-Kgal Tanks
Crimp overflow lines (4.g) 5 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.31 0.02
Incidental gravel fill (4.b) 2.5 2 1.46 0.09
Install hybrid grout fill equipment (4.d) 1.7 3 2.00 0.55
Remove hybrid grout fill equipment (4.d) 17 3 1.00 0.28
Install hybrid aggregate equipment (4.d) 1.7 3 8.00 2.22
Remove hybrid agg. fill equipment (4.d) 1.7 3 4.00 1.11
Set up hybrid grout conveyance (4.€) 2.5 2 3.00 0.18
Move hybrid grout conveyance (4.e) 2.5 2 2.00 0.12
Set up hybrid aggregate conveyance (4.¢) 2.5 2 5.00 0.30
Move hybrid aggregate conveyance (4.¢) 2.5 2 4.00 0.24
Fill tank with hybrid grout (4.a) 2.5 2 84.16 5.05
Fill tank with hybrid aggregate (4.a) 2.5 2 66.21 3.97
Construct engineered barrier (farm) (4.g) 2.5 2 138.89 0.69
S TANK FARM TOTAL 14.98
SX Tank Farm -- 15 1-Mgal Tanks
Crimp overflow lines (4.g) 5 2 20.00 0.20
Incidental grout fill (4.b) 2.5 0.31 0.01
Incidental gravel fill (4.b) 2.5 2 1.46 0.04
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Hybrid Fill Alternative mﬁe‘ﬁ%&) Pfrgmeder %t:l};r ;I‘lrxelf ’I;anll)xol:gnn
Install hybrid grout fill equipment (4.d) 7.7 3 2.00 0.69
Remove hybrid grout fill equipment (4.d) 7.7 3 1.00 0.35
Install hybrid aggregate equipment (4.d) 7.7 3 8.00 2.77
Remove hybrid agg. fill equipment (4.d) 7.7 3 4.00 1.39
Set up hybrid grout conveyance (4.e) 25 2 3.00 0.23
Move hybrid grout conveyance (4.e) 2.5 2 2.00 Q.15
Set up hybrid aggregate convevance (4.e) 2.5 2 5.00 0.38
Move hybrid aggregate conveyance (4.e) 2.5 2 4.00 0.30
Fill tank with hybrid grout (4.a) 2.5 2 111.03 8.33
Fill Tank with hybrid aggregate (4.2) 2.5 2 87.35 6.55
Construct engineered barrier (farm) (4.g) 2.5 2 171.01 0.86
SX TANK FARM TOTAL 22.23
T Tank Farm -- 12 530-Kgal Tanks
Crimp overflow lines (4.g) 5 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.38 0.02
Incidental gravel fill (4.b) 2.5 2 1.83 0.11
Install risers (4.c) 1.7 3 276.00 76.51
Install hybrid grout fill equipment (4.d) 1.7 3 2.00 0.55
Remove hybrid grout fill equipment (4.d) 1.7 3 1.00 0.28
Install hybrid aggregate equipment (4.d) 1.7 3 8.00 1.11
Remove hybrid agg. fill equipment (4.d) 7.7 3 4.00 2.22
Set up hybrid grout convevance (4.e) 2.5 2 3.00 0.18
Move hybrid grout conveyance (4.e) 2.5 2 2.00 0.12
Set up hybrid aggregate conveyance (4.¢€) 2.5 2 5.00 0.30
Move hybrid aggregate conveyance (4.¢) 2.5 2 4.00 0.24
Fill tank with hybrid grout (4.a) 2.5 2 58.84 3.53
Fill tank with hybrid aggregate (4.a) 2.5 2 46.29 2.78
Construct engineered barrier (farm) (4.g) 2.5 2 164.88 0.82
SUM 88.93
T Tank Farm -- 4 55-Kgal Tanks
(with the hybrid alternative, 55-Kgal tanks
will be filled with grout)
Install grout fill equipment (4.d) 1.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.¢) 25 2 2.00 0.04
Move grout conveyance (4.€) 2.5 2 2.00 0.04
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Hybrid Fill Alternative Stay Time Tank Farm
’ Closure Task(1) memARD) I hﬂ%ié? l

Fill tank with grout (4.a) 2.5 17.75 I 0.00
SUM 0.29
T TANK FARM TOTAL 89.22

| TX Tank Farm -- 18 758-Kgal Tanks
| Crimp overflow lines (4.g) 5 2 26.00 0.26
Incidental grout fill (4.b) 2.5 2 0.36 0.03
Incidental gravel fill (4.b) 2.5 2 1.70 0.10
Install hybrid grout fill equipment (4.d) 1.7 3 2.00 0.83
Remove hybrid grout equipment (4.d) 1.7 3 1.00 0.42
Install hybrid aggregate equipment (4.d) 1.7 3 8.00 3.33
Remove hybrid agg. fill equipment (4.d) 1.7 3 4.00 1.66
Set up hybrid grout conveyance (4.€) 2.5 2 3.00 0.27
Move hybrid grout conveyance (4.e) 2.5 2 2.00 0.18
Set up hybrid aggregate conveyance (4.¢) 2.5 2 5.00 0.45
Move hybrid aggregate conveyance (4.e) 2.5 2 4.00 0.36
Fill tank with hybrid grout (4.a) 2.5 2 84.16 7.57
Fill tank with hybrid aggregate (4.a) 2.5 2 66.21 5.96
Construct_engineered barrier (farm) (4.g) 2.5 2 22247 i.11
TX TANK FARM TOTAL 22.54

TY Tank Farm -- 6 758-Kgal Tanks

| Crimp overflow lines (4.g) 5 2 6.00 0.06
Incidentat grout fill (4.b) 2.5 2 0.27 0.01
Incidental gravel fill (4.b) 2.5 2 2.12 0.06
Install hybrid grout fill equipment (4.d) 1.7 3 2.00 0.28
Remove hybrid grout equipment (4.d) 7.7 3 1.00 0.14
Install hybrid aggregate equipment (4.d) 7.7 3 8.00 1.11
Remove hybrid agg. fill equipment (4.d) 7.7 3 4.00 Q.55
Set up hybrid grout conveyance (4.e) 2.5 2 3.00 0.09
Move hybrid grout conveyance (4.¢) 2.5 2 2.00 0.06
Set up hybrid aggregate conveyance (4.e) 2.5 2 5.00 0.15
Move hybrid aggregate conveyance (4.¢) 2.5 2 4.00 0.12
Fill tank with hybrid grout (4.a) 2.5 2 84.16 2.52
Fill tank with hybrid aggregate (4.2) 2.5 2 66.21 1.99
Construct engineered barrier (farm) (4.g) 2.5 2 73.76 0.37
TX TANK FARM TOTAL 7.51
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Hyb(r::d Fill Alternative m?e\;g/hrmg&) nggggeéier i:;tgr ;I‘mgf I Tané(ol::nn
e 1 TFask(3 4 rem)(S
U Tank Farm -- 12 530-Kgal Tanks
Crimp overflow lines (4.8) S 2 16.00 0.16
Incidental grout fill (4.b) 2.5 2 0.38 0.02
Incidental gravel filt (4.b) 2.5 2 1.83 0.11
Install risers (4.c) 1.7 3 276.00 76.51
Install bybrid grout fill equipment (4.d) 1.7 3 2.00 0.55
Remove hybrid grout equipment (4.d) 7.7 3 1.00 0.28
Install hybrid aggregate equipment (4.d} 1.7 3 8.00 2.22
Remove hybrid agg. fill equipment (4.d) 7.7 3 4.00 1.11
Set up hybrid grout conveyance (4.e) 2.5 2 3.00 0.18
Move hybrid grout conveyance (4.e) 2.5 2 2.00 0.12
Set up hybrid aggregate conveyance (4.¢) 2.5 2 5.00 0.30
Move hybrid aggregate conveyance (4.¢) 2.5 2 4.00 0.24
Fill tank with hybrid grout (4.a) 2.5 2 58.84 3.53
Fill tank with hvbrid aggregate (4.a) 2.5 2 46.29 2.78
Construct engineered barrier (farm) (4.g) 2.5 2 160.84 0.80
SUM 88.91
U Tank Farm -- 4 55-Kgal Tanks
(with the hybrid alternative, 55-Kgal tanks
will be filled with grout)
Install grout fill equipment (4.d) 7.7 3 2.00 0.18
Remove grout fill equipment (4.d) 2.5 3 1.00 0.03
Set up grout conveyance (4.¢) 2.5 2 2.00 0.04
Move grout conveyance (4.¢) 2.5 2 2.00 0.04
Fill tank with grout (4.a) 2.5 2 17.75 0.00
SUM 0.29
U TANK FARM TOTAL 89.2
TOTAL FOR ALL TANK FARMS 569.01
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id As ions/ 1t Value
Gravel fill rate (m’/hr) 30
Aggregate fill rate (m*hr) 31.2
Incidental gravel fill rate (m’/hr) 31.2
Pit regime (mrem/hr) 7.7
East tank farm regime (mrem/hr) 2.5
West tank farm regime (mrem/hr) 0.05

Persons to perform pit work 3
Persons to perform non-pit work 2

Hours to_jnstall riser/tank
Hours to install grout fill equipment/tank
Hours to remove grout fill equipment/tank
Hours to install agg. fill equipment/tank
Hours to remove agg,. fill equipment/tank

Hours to install agg. conveyance/tank
Hours to move agg. conveyance/tank
Hours to set up grout conveyance/tank
Hours to move grout conveyance/tank

Hours_for aggregate preparatory work/tank
Hours to level for engineered barrier (m*/hr) 0.01
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il uj Voi Piping (M%) I Pits (M}
A Tank Farm 239.9 1450.4
AX Tank Farm 158.3 957.3
B Tank Farm 137.4 683.4
BX Tank Farm 109.9 546.7
BY Tank Farm 109.9 546.7
C Tank Farm 137.4 683.4
S Tank Farm 109.9 546.7
SX Tank Farm 137.4 683.4
T Tank Farm 137.4 683.4
TX Tank Farm 192.3 956.8
TY Tank Farm 48.5 397.2
U Tank Farm 137.4 683.4
Sizes of Tank Farms M3
A Tank Farm 7376
AX Tank Farm 5262
B Tank Farm 16488
BX Tank Farm 13538
BY Tank Farm 13725
C Tank Farm 16880
S Tank Farm 13889
SX Tank Farm 17101
T Tank Farm 16488
TX Tank Farm 22247
TY Tank Farm 7464
U Tank Farm 16084
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NOTES: DOSES FOR TANK-FILL ALTERNATIVES

1. The tasks are those that involve entry into tank farms. It is assumed that about 99% of the waste will be
removed from the tanks using past practices. That is, retrieval of waste will be through the completion of sait
well pumping and then the sluicing of tank waste to the extent practical. It is assumed that instrument trees,
liquid observation wells, and other ancillary equipment will be removed as part of closure. This results in a
great deal of preparatory work relative to the gravel alternative. In the event that such preparatory work is not
necessary, the doses from the three alternatives (gravel, grout, and hybrid) will be much closer. The tasks for a
fourth alternative, concrete, would be the same as for grout.

There are 64 of the 149 SSTs that do not have 42-in. central risers (Krieg 1990, Table 2-2). It is assumed that
risers will need to be installed on these tanks. It is assumed that the risers on 85 tanks would be clear and
available for tank filling after retrieval operations.

2. Three dose rate regimes are assumed:

Pit regime = 7.7 mrem/hr, based on the ACES data base and doses incurred from past pit work
East Tank Farm = 2.5 mrem/hr, based on doses incurred from routine radiological surveys

West Tank Farm = 0.05 mrem/hr, based on doses incurred from routing radiological surveys
Crimping overflow lines = 5.0 mrem/hr, based on shielding and other ALARA protective measures.

It is assumed that most of the dose from tank farm closure tasks will come from surface contamination of pump
pits, soil contamination, and contamination on ancillary equipment. It is assumed that no efforts to
decontaminate pump pits will be made prior to closure tasks. If such decontamination efforts are made, the Pit
Regime dose rate will be lowered and the gravel and hybrid cases will approach the grout case.

It is assumed that in constructing the engineered barrier, only the leveling operation will incur dose at the Tank
Farm Regime dose rates above.

3. It is assumed that three persons will be exposed during pit-type work and that two persons will be exposed
during other closure tasks. These numbers do not necessarily reflect the actual number of persons involved in
the job, but are estimates of the average number of persons exposed to the dose rate regime.

4. All stay times are per tank in the relevant tank farm, except the engineered barrier stay times are for the
entire tank farm. Stay times are computed from data extracted from various documents and other assumptions
as described below:

a. Gravel fill rate and grout fill rate = 31.2 m*hr and 30.0 m%hr, respectively (Boomer et al. 1993). It is
assumed that hybrid aggregate fill rate is the same as gravel. The void volumes of the tanks are assumed to be
1.6 times those indicated by the tank farm headers in the first column (e.g., 1.6 x 1-Mgal or 1.6 x 3,780 m’,
etc.). In the hybrid case, it is assumed that 55% of the void volume is grout and 45% is aggregate.

b. Incidental grout fill or gravel fill hours were based on the fill rates given above and the void volumes from
WHC-SD-WM-EV-107, page A-17 (Kline et al. 1995). It is assumed that grout will fill piping, miscellaneous
underground storage tanks and riser voids, while gravel will fill pits and boxes.

c. It is assumed that a new riser can be installed in 276 exposure hours, based on a mock riser installation
(ICF KH 1995).

d. It is assumed that installation of gravel/aggregate fill equipment will take 8 hr per tank and installation of
grout fill equipment will take only 2 hr per tank. These numbers are based on estimated times to perform
various pit jobs, such as pump pulls, jumper work, etc., documented in the ACES data base. It is assumed that
removal of the gravel/aggregate or grout equipment will take only half the time for installation.
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e. It is assumed that gravel and aggregate conveyor systems can be set up in 5 hr and moved in 4 hr per tank,
while grout conveyance systems can be set up in 3 hr and moved in 2 hr.
f. It is assumed that gravel preparatory work (removal of ancillary in-tank equipment that would interfere with
gravel) is necessary for all SSTs. It is assumed that 252 hr per tank will be required for this work and that it is
pit-type work.
g. It is assumed that 100 m* of surface area can be leveled per hour, in constructing the engineered barrier.
This estimate is derived from past decontamination and decommissioning work involving a grader. The surface

areas of tank farms were taken from WHC-EP-0616, page M71.

h. With the grout/concrete and hybrid alternatives, it is assumed that cascade lines will need to be crimped.
It is assumed that each crimping will involve exposure of 2 individuals for 2 hr at 5 mrem/hr.

5. This is the product of the previous three rows times the number of tanks (except for the barrier calculation).
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APPENDIX E

CONCEPTUAL COST ESTIMATES



ALTERNATIVE 1:

ALTERNATIVE 2:

ALTERNATIVE 3:

ALTERNATIVE 4:
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ALTERNATIVE 1: GRAVEL FILL
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TWRS CLOSURE

ICF KAISER HANFORD
WESTINGHOUSE HANFORD COMPANY

37

08/13/96 09:19

R.OHRT

DATE
BY

CRUSHED AGGREGATE STUDY ESTIMATE

DOE_RO2

Z407SAAYT/FTK6LS

JOB NO.

WORK BREAKDOWN STRUCTURE SUMMARY

2407sAA1

FILE NO.

TOTAL
DOLLARS

CONTINGENCY

UB

S
TOTAL

ESCALATION

%

sus
TOTAL

ONSITE
INDIRECTS

ESTIMATE
SUBTOTAL

TOTAL

%

TOTAL

DESCRIPTION

WBS

395550
1345950

102550
348950

293000 35

0
0

293000 0.00

)
0

293000

IN-TANK HARDWARE

42

500010 WHC PROJ MGMT

35

997000

0.00

997000

997000

RISER INSTALL

500012 WHC PROJ MGMT

9723240

2520840

7202400 35

0

7202400 0.00

0

7202400

OTHER PROJECT COST

SUBTOTAL 5

337,620,028

87,531,118

250,088,910

0.00

250,088,910

250,088,910

PROJECT TOTAL
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PAGE

INTERACTIVE ESTIMATING *¥*

1EST
TWRS CLOSURE FILL ALTERNATIVES

*%

ICF KAISER HANFORD

DATE
BY

OPTION 1

WESTINGHOUSE HANFORD COMPANY

Z407SAAT/F7K6LS

JOB NO.

ESTIMATE DETAIL BY WBS / COST CODE

DOE_ROS8

Z407SAA1T

FILE NO.

TOTAL
DOLLARS

SuUB- EQUIP- OH&P
/ B &

MATERIAL CONTRACT

EQUIP
USAGE

COST

ACCOUNT
NUMBER

1

MENT

LABOR

MANHOURS

QUANTITY

CODE

DESCRIPTION

250,088,910

55,105,735

0

144,742,558

21,001,309

29,239,308

570,652

REPORT TOTAL

WHC-SD-WM-ES~399, Rev. 0
Page E1-37



WHC-SD-WM-ES-399, Rev. 0

This page intentionally left blank.

E1-38



WHC-SD-WM-ES-399, Rev. 0

ALTERNATIVE 2: GROUT FILL

E2-i



WHC-SD-WM-ES-399, Rev. 0

This page intentionally left blank.

E2-ii



+

HC-SD-WM-ES-399, Rev. 0

-

Page E2-1

7E€39€60 96/£1/80

000°00L"8S¢

000°0£5°9
000 62%"582
060°0L0°6¢€

0060°060'22

s¥vi110a
IviolL
L¥HO " ¥ A8
3ivo
9 40 L 39Vd

000'008'26

<006'0g>

000°069°1
000°010° 92
000'0LL 0L
000°020°¢

AJN3D

TSHAVWIY

[13 000'00¢°592
000°0¢
S¢ 000'098"Y
SE 000097 112
Sg 000'006°82
44 000'020°02
% 1503 V101
NILNOD 031Y1v2S3
AYVHWNS 1S0J 123
JLYWILSI AGNLS
2 NOILdO - S3IATLIVNIILI

»x ONILVWILSI 3ATLIVHILIND -

‘o0L / 000°'0L » 1S3IYVIN 3HL OL Q3ILSNraAvV/A3ANNOY)

YOLIVILNOD
ONILlV¥3Ido

wm\\l\% 1697/

9661 ‘€L 1snonv JLIVWILSI AanLs JLVYNILS3
30 3dAL
............ D
IvioL 123rodd
(%°001S 300 L33W Ol g3lsnrav)
SW31SAS $53308d/dINDI 1¥123dS 004
ONY1 0L SLNIW3IAO¥dWI 09y
LINIWIDVNVH 123r0¥d 090
ONI¥3INIONS 000
3002
1502
royd - Loy 300 2YVSZ0%Z "ON 3114

S19X24/2VY¥S.0%2Z "ON 8OT
ANVAWGOD QYOJNVH 3ISNOHINTLISIM
QYOINYH d3ISI¥X 401

T4 LNno¥9
V 1714 3¥0S013 S¥ML
1831

xx



NYRL9AB

CULuso

0%21864

nEnREN??¢

~

PRI =

05%09¢
012€£82921
8v084.
%6262.26
2886646

262%9£49

26L%%59

26296042
00%7£$9

00v7¢€s9

76827992

008€€91
787.81L
5eg281¢¢
SLL6EY1

s¥v¥I110¢
1vl101L

8E:9€£160 96/€1/80

oyveZee 113
GGivs¢ 5g
0vg6902 113
97596%¢8 133
12¢20818 s¢
06600%2 S€
50568¢ S¢
980471 133
8028 5
38CLLG SE
0sv£é Sg
7892585y Se
ve2661L S¢
8lL60%0%2 S
091¢6%1 S¢
§02%691 s€
§02%691 s¢€
§96%¢0L s€
00%691 sg
00%691 sg
5955589 113
o0sgcYy S¢
5558Y Sg
$€20109 sg
6L2%.% S¢
avliol %
AJN3ONILNOD

L¥HO " ¥ Ad

aiva

9 4o 39vd

00%8¢99

0009¢s
00%21l68

¥06819%8¢2
216022882

189691 1¢
£482111
656501Y
0svee
0018092
000292
9250560¢1
718288
9££88989
2219929y

1850%8Y
L850%8Y

62¢12002
000%8Y
0oovey

62828561

0000121
6228¢1
00lellzt
0059901

oo

o
o
o
o

00°0

coocococoooOO
o
o
o

o
o
=3
=3

ococoo
o
=3
=3

AYVWWAS 3ANLINYULS NMOANVINE XAOM
JLIVWILSI AQNLS 7714 LNOY9
2 NOIldO

00%8¢€99

000924
0092165

706195882
216022882

48989112
€482LL1
656501LY
osv¢ee
001€09¢
000492
9250560¢1
718.58
9££88989
2.1992y

2850%8Y
2850%8%

62€12002
000%8Y
000%8Y

62£28561

00001L2lL
621851
00122121
0089904

oo

cooocoocoocoo

S1J03¥IANI
JLISNOD

00%8¢£99

000922
00%2168

v0s5l958¢2
416022¢8¢2

189s%11¢
€821
65650L%
0s%¢2
00L£092
000292
9250560¢1L
718258
9££88989
2l1992Yy

4850%8Y
,850%8Y

62¢12002
ooovey
oo0oy8Y

62€48561

ooooizlL
622881
00LZzLLL
0059901

ivioldns
JLVYWILST

- zZo¥" 300

- SIATLYN¥ILIV 7114 3¥4NSOII SeMi
*xx ONILVWILSI FATLIVHILND -

1831 xx

1S03 133r0¥d ¥3HIO § violans
dWI1¥3 INIT MOT443A0 - LWIOW rodd JDHM 110006
dV] ¥3IT¥IVYA - LWOW rodd IHM %0000S
NOILONYLSNOD ¢ 1violens

321¥d d3IX14-NOILINY¥LSNOD

d¥D ¥3I1d3VvE - LWOW ¥LSNOJI/roud
JYNLINYLSVIINT - LINIWIDVYNVAW L33rodd
dV) d3ITA¥VE - ¥dW LOvHLNODENS

1N0¥9 A¥VITIINY - ddHW LOVYLINOIENS
SANVL 1713 LNOY¥Y9 - ¥dW 1IVH¥LNODENS
JANLINYLSYYINL - d¥dW 1IVILNODJdANS

. d¥d ¥31¥3v¥8 - NOILINYLSNOI
Lno¥g AYYITIINY - NOILDNULSNOI
SHNVYL 1714 LNO¥D - NOILINYLSNOD
FUNLONYLSYA4IN]D - NOILINYLSNOD

2/3 3ILISNO-1SNOD V4

¢¢ 1violans

70022¢
Loozzs
y0012¢
¢00l2Zg
200l2¢
LooLzg
20002¢
£0002€
20002¢
Lo002¢

LE 1vLio0i8ns

dWI¥) 3INID MOT4¥3IA0 - NOILINYLSNOD LLOOLE
ONIY¥33INIONI L 1v1i018ns
NOILJ3dSNI/ONIY3IINIONS 2L 1viotrans

dWI¥D 3INIT MOT4¥3IA0 - LI3I4SNI/I¥INI LLQOZL
N21S30 3AILINILIC Lt 1vioLans

dW1¥D 3INIT MOT4¥3A0 - NOIS3IQ NI430 LLOOLL

LNOY¥9 A¥YIVIINY - NOIS3IQ 3AILIINIL3C £0001L1L

SANVL LNOY¥D - N9IS3CQ 3AILINILIA Z00OLL

JENLINYLSYEANT - NIIS3IA JAILINIAAAQ LO0OLL
NOI1dI¥0S3Q Sam

ZYvYsSL0%2Z "ON 3714

§19X.4/2v¥sSi0%Z "ON 80T

ANYJWOD GYOJNYH 3ISNOHONELSIM
GYO4NVH ¥3ISIYN 401



OF

3

PAGE

INTERACTIVE ESTIMATING **
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*x
TWRS CLOSURE FILL ALTERNATIVES

ICF KAISER HANFORD

34:38

08/13/96 09:

R.OHRT

DATE
BY

OPTION 2

WESTINGHOUSE HANFORD COMPANY

GROUT FILL STUDY ESTIMATE

Z407SAA2/F7K6LS

JOB NO.

WORK BREAKDOWN STRUCTURE SUMMARY

DOE_RO2

2407SAA2

FILE NO.

TOTAL
DOLLARS

CONTINGENCY

suB
TOTAL

ESCALATION

%

suB
TOTAL

ONSITE

INDIRECTS

ESTIMATE
SUBTOTAL

TOTAL

%

TOTAL

DESCRIPTION

WBS

92,844,931

PROJECT TOTAL

358,116,164

265,271,233

0.00

265,271,233

265,271,233

WHC-SD-WM-ES-399, Rev. O
Page E2-3
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PAGE

INTERACTIVE ESTIMATING **

IEST -
TWRS CLOSURE FILL ALTERNATIVES

%k

ICF KAISER HANFORD
WESTINGHOUSE HANFORD COMPANY

34:58

DATE
BY

OPTION 2

GROUT FILL STUDY ESTIMATE

2Z407SAA2/FTK6LS

JOB NO.

ESTIMATE DETAIL BY WBS / COST CODE

DOE_ROS8

Z407SAA2

FILE NO.

TOTAL
DOLLARS

SUB- EQUIP- OH&P
/ B &

MATERIAL CONTRACT

EQUIP
USAGE

cosT

ACCOUNT
NUMBER

1

MENT

MANHOURS LABOR

QUANTITY

CODE

DESCRIPTION

265,271,233

151,533,739 53,740,986
0

48,409,621

11,586,886

255,611

REPORT TOTAL

WHC-SD-WM-ES-399, Rev. 0
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R.OHRT

PAGE

INTERACTIVE ESTIMATING **

1EST
TWRS CLOSURE FILL ALTERNATIVES
PREPLACED-AGGREGATE CONCRETE STUDY ESTIMATE

*%
DOE_ROS8

ICF KAISER HANFORD

07:44

DATE
BY

OPTION 3

WESTINGHOUSE HANFORD COMPANY

JOB NO.

2407SAA3/F7K6LS

ESTIMATE DETAIL BY WBS / COST CODE

Z407SAA3

FILE NO.

TOTAL
DOLLARS

SUB- EQUIP- OH&P
/ B &

MATERIAL CONTRACT

EQUIP
USAGE

cosT

ACCOUNT
NUMBER

1

MENT

LABOR

MANHOURS

QUANTITY

CODE

DESCRIPTION

60,777,534

148,725,098

43,578,341

651,014

REPORT TOTAL

285,564,113

32,483,139

WHC-SD-WM-ES-399, Rev. 0
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INTERACTIVE ESTIMATING **

1EST
TWRS CLOSURE FILL ALTERNATIVES

*

KAISER HANFORD
WESTINGHOUSE HANFORD COMPANY

ICF

15

08713796 10:02

R.OHRT

DATE
BY

OPTION 4

CONCRETE FILL STUDY ESTIMATE

Z407SAAL/FTKBLS

JOB NO.

WORK BREAKDOWN STRUCTURE SUMMARY

DOE_RO2

Z407SAAL

FILE NO.

TOTAL
DOLLARS

CONTINGENCY

SUB
TOTAL

ESCALATION

%

SUB
TOTAL

ONSITE

INDIRECTS

ESTIMATE
SUBTOTAL

TOTAL

4

TOTAL

DESCRIPTION

WBS

89,569,568

PROJECT TOTAL

345,482,623

35

255,913,055

0.00

255,913,055

255,913,055

WHC-SD-WM-ES-399, Rev. 0
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INTERACTIVE ESTIMATING **

1EST
TWRS CLOSURE FILL ALTERNATIVES

*k

ICF KAISER HANFORD

02:32

DATE
BY

OPTION 4

CONCRETE FILL STUDY ESTIMATE

WESTINGHOUSE HANFORD COMPANY

JOB NO.

Z407SARL/FTKO6LS

ESTIMATE DETAIL BY WBS / COST CODE

DOE_RO8

2407SAAL

FILE NO.

TOTAL
DOLLARS

SUB- EQUIP- OH&P
/ B &

MATERIAL CONTRACT

EQUIP
USAGE

cosT

ACCOUNT
NUMBER

1

MENT

LABOR

MANHOURS

QUANTITY

CODE

DESCRIPTION

255,913,055

52,050,158

149,422,839

42,853,171

11,586,886

255,611

REPORT TOTAL
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APPENDIX F

DECISION PLAN: FILLING OF HANFORD SITE SINGLE-SHELL WASTE TANKS
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F1.0 STATEMENT OF DECISION

The draft Tank Waste Remediation System (TWRS) Enviro ! Impact St
(DOE/EIS 1996) addresses the question of what to do with the waste in Hanford Site SSTs and DSTs.
The preferred alternative is to remove 99% of the tank waste, which would be vitrified for onsite or
offsite disposal. The question of tank farm closure is not addressed, although for purposes of impact
assessment, it is assumed that the farms would be closed as landfills.

The Decision Document For Function 4.2.4, Dispose Waste (WHC 1996a) addresses what is
to be done with the immobilized waste, and more importantly, how the tank farms will be closed.
Closure options include clean closure, landfill closure, and modified closure. The document
eliminates all options except landfill closure, because the other options are not consistent with the
current planning basis or the EIS. The closure options will be addressed in a supplement to the
TWRS EIS.

This document assumes that the tank farms will be closed as landfills; thereby, the tanks will
remain in place and must be filled with inert material to eliminate voids and prevent subsidence.
The question addressed by this document is: With what material should Hanford Site waste tanks
be filled? The purpose of this document is to describe exactly how a decision will be made regarding
the fill material.

Fill materials that might be adequate for tank closure have already been identified
(WHC 1995) and will be evaluated in an Alternatives Generation Analysis (AGA) in 1996. These

materials include gravel, grout, concrete and hybrid (a concrete which is a combination of gravel and
grout).

F2.0 DECISION STRATEGY

The decision regarding what fill will be used for the tanks under the landfill closure option
will be addressed by the closure supplement to the TWRS EIS.

F3.0 DECISION CRITERIA

The following criteria for evaluating fill material will be used in the EIS supplement:

. Material properties of fill. That is, which fill material best prevents future voids
and subsidence?

. Public risk mitigation for each type of fill. That is, which fill material results in the
least offsite dose from disposal system leakage?

] Occupational risk from each fill alternative. That is, in filling the tanks, which fill
results in the least occupational dose and risk from accidents?
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. Dollar cost of each fill alternative.
. Regulatory acceptability of each fill alternative.

Each of these criteria are discussed below, relative to their feasibility and adequacy for use
in the decision-making process. Performance measures in each of these categories will be developed
to provide a basis for decision making.

F3.1 MATERIAL PROPERTIES

Material properties of gravel, grout and hybrid are discussed by Baxter (WHC 1996b).
Models will be developed to evaluate deformations and stresses in tanks, soils, and the engineered
barrier for the types of fill.

F3.2 PUBLIC RISK MITIGATION

Assuming that an engineered barrier is constructed over the waste tanks to prevent surface
contamination and spread, the most significant long-term risk to the public from tank disposal systems
is through the groundwater pathway (DOE/EIS 1996). A study will be made to determine if
groundwater concentrations are sensitive to the use of different fill materials.

F3.3 OCCUPATIONAL RISK

The doses incurred by workers for three types of filling operations (gravel, grout, and
hybrid) have been estimated and will be discussed in the AGA. The differences in the doses are
primarily due to the need to install or modify risers for gravel slinging.

In the case of filling operations, the doses incurred by workers are roughly proportional to
other, nonradiological risks, such as accident frequency. This is because the doses are proportional to
the man-hours required and the complexity of the work. Therefore, the doses and the performance
measures derived from them should be good indices of the overall occupational risk.

F3.4 COSTS

The estimated costs for gravel, grout, and hybrid operations; including design costs, material
costs, equipment costs, and labor will be developed in the AGA.

F3.5 REGULATORY ACCEPTABILITY

Irrespective of an objective evaluation of the risks and costs of the various fill alternatives,
there may be objections to a given fill material based on regulatory issues or concerns. For example,
grout or hybrid materials may be viewed as non-retrievable, and therefore not amenable to future
retrieval action should it prove warranted from the results of performance monitoring. On the other
hand, gravel may be viewed as providing insufficient immobilization of the residual waste.
Regulatory acceptability of fill options will be dealt with in the negotiations with the State regarding
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the approval of the final closure plan for tank farms. For now, it is assumed that all identified fill
options are acceptable. Performance measures for regulatory acceptability are not appropriate.

F4.0 REQUIRED INFORMATION
The following information is required to finalize the performance measures relative to the
types of fill material:

. The differences in structural properties of fill materials regarding the ability to
prevent voids and future subsidence

. The differences in performance of gravel, grout, hybrid with respect to migration of
contaminants and potential public risk

. The occupational doses (person/rem) incurred by performing each alternative
. The cost of performing each alternative
U Resolution of regulatory acceptability issue.

F5.0 DECISION TIME FRAME

Although closure of tank farms will not occur until after the retrieval project, there may be a
need to decide on what type of fill will be used before retrieval begins. This is because the decision
on fill may have an impact on the scope of the retrieval project. If gravel (or possibly hybrid) is used
as fill, some of the ancillary equipment in the tanks must be removed because it would inhibit the
uniform dispersal of gravel. It is assumed here that removal of such equipment would be within the
scope of retrieval. If grout or concrete is used as fill, all instrument trees and other ancillary
equipment could be left in the tanks, since grout or concrete would flow around such equipment.

F6.0 CONSTRAINTS

As mentioned previously, the subject decision is constrained by a TWRS EIS supplement for
tank farm closure. It is assumed here that closure as landfill will be the selected alternative.
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F7.0 CURRENT PLANNING BASIS AND ASSUMPTIONS

As already stated, the planning basis for the subject decision is that tank farms will be closed
as landfills, under the provisions of WAC 173-303-610(2)(a), WAC 173-303-640(8), and DOE
orders.
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